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^45 

NYCTAGINEAE. 

1.  Review  of  the  Anatomical  Features.  The  anomalous  structure 
of  the  stem  fFig.  155)  and  the  occurrence  of  raphides  or  styloids  are  character- 
istic of  the  Order.  The  anomaly  consists  in  the  appearance,  in  the  pericycle, 
of  successive  rings  or  strips  of  cambium,  which  produce  secondary  collateral 
vascular  bundles  and  conjunctive  tissue  on  their  inner  side.  The  conjunctive 
tissue  is  either  prosenchymatous  or  parenchymatous  ;  its  structure,  combined 
with  the  arrangement  of  the  secondary  vascular  bundles,  gives  variety  to  the 
appearance  of  the  transverse  section  of  the  stem.  The  prosenchsmiatous 
conjunctive  tissue  bears  simple  pits  like  the  wood-prosenchyma  of  the  vascular 
bundles,  from  which  it  is  difl&cult  to  distinguish,  and  is  sometimes  traversed 
by  typical  medullary  rays.  The  xylem- vessels  have  simple  perforations.  The 
outer  portion  of  the  pericycle  generally  contains  isolated  groups  of  sclerenchy- 
matous  fibres.  The  development  of  cork  is  superficial.  In  Pisonia^  Neea^ 
and  Leucaster  the  stomatal  apparatus  follows  tiie  Rubiaceous  t}^,  whilst 
in  Mirabilis  and  Boerhaavia  each  pair  of  guard-cells  is  surrounded  by  an  in- 
definite number  of  ordinary  epidermal  ceUs.  The  hairy  covering  consists  of 
clothing  and  glandular  hairs.  The  former  include  the  uniseriate  trichomes 
of  Bougainvillaea,  which  are  composed  of  short  cells,  and  the  stellate  hairs ' 
of  Leucaster,  in  which  the  stellate  portion  consists  of  a  rather  large  number 
of  unicellular  ra)^.  The  glandular  hairs  (Fig.  154,  A)  generally  consist  of 
a  row  of  cells,  the  enlaiged  terminal  cell  being  in  most  cases  dlipoidal  or 
clavate,  more  rarely  spherical ;  the  contents  of  this  cell  vary,  but  in  the  dry 
state  they  are  usually  brown  (Pisonia,  Neea,  Mirabilis).  A  type  intermediate 
between  clothing  and  glandular  hairs  is  presented  by  the  branched  trichomes  (Fig. 
154,  B)  composing  the  dense  hairy  covering  on  the  lower  side  of  the  leaf  of 
Pisonia  tometUosa,  Casar. ;  in  these  hairs  the  axis  and  branches  are  uniseriate ; 
the  terminal  cells  of  the  branches  especially  are  conunonly  differentiated 
into  long  sacs  filled  with  brown  contents.  Internal  secretory  organs  are  only 
found  in  Okenia  and  Boerhaavia,  in  which  enlarged  epidermal  cells,  filled  with 
reddish-brown  contents,  give  rise  to  a  red  striation  of  the  leaves  and  floral 
organs.  Oxalate  of  lime  (Fig.  154,  C)  is  excreted  chiefly  in  the  form  of  raphides 
and  styloids,  clustered  crystsds  and  a  kind  of  crystal-sand  (the  latter  in  Leucaster) 
being  also  found.  The  deposition  of  crystalline  graniiles,  consisting  of  the 
same  salt,  in  the  cell-walls  of  the  epidermis  in  the  leaf  and  stem  (Fig.  154,  ^4), 
has  been  shown  to  take  place  in  the  genera  Mirabilis,  Oxybaphus,  tfyctaginia, 
AUionia,  Boerhaavia,  AcUisafUhes,  Okenia  and  Abronia. 

2.  Structure  of  the  Leaf.  The  researches  published  on  the  anatomy 
of  the  Nyctagineae  almost  always  deal  solely  with  the  interesting  anomalous 
structure  of  the  axis,  whilst  the  leaf -structure  has  practically  not  been  investi- 
gated. And  yet  it  would  be  important  for  systematic  purposes  to  obtain  some 
knowledge  of  the  distribution  of  the  two  types  of  stomata  which  have  been 
recorded  in  the  Order,  and  also  of  the  distribution  of  the  trichomes  (see  above). 

With  the  object  of  determining  the  different  features  which  have  been 
briefly  mentioned  above,  I  examined  the  structure  of  the  leaf  in  Mirabilis 
Jalapa,  L.,  Bougainvillaea  spectabilis,  Willd.  (Tribe  Mirabilieae),  Pisonia  nitida. 
Mart.,  Neea  compressa,  Schmidt  (Tribe  Pisonieae),  and  Leucaster  caniflorus, 
•Choisy  (Tribe  Leucastereae).  The  leaves  in  these  plants  have  bifacial  struc- 
ture. The  stomata  are  only  found  on  the  lower  side  of  the  leaf.  In  Mirabilis 
and  Bougainvillaea,  as  stated  above,  they  are  surrounded  by  a  variable  number 
of  ordinary  epidermal  cells  exhibiting  no  special  arrangement,  whilst  in  the 


>  The  stellate  hairs  of  Andradta  have  not  yet  been  carefnlly  examined. 
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remaining  cases  they  are  accompanied  on  either  side  by  one  or  more  sub- 
sidiary cells  placed  parallel  to  the  pore.    The  important  points  regarding  the- 

trichomes  investigated 
on  the  leafy  have  also 
been  mentioned  in  the 
general  diagnosis.  Stellate 
hairs  occur  in  Leucasier 
and  A  ndradea ;  simple  uni- 
seriate  hairs,  composed  of 
short  cells,  with  a  blunt 
terminal  cell  not  greatly 
exceeding  the  others  in 
length,  are  found  in 
Bougainvillaea  spectabUis. 
Glandular  hairs  occur  in 
Pisonia^  Neea  and  Mira- 
bilis;  they  have  a  stalk 
of  variable  length,  com- 
posed of  a  very  variable 
number  of  cells,  and  a 
unicellular,  spherical,  or 
elongated  ellipsoidal  head 
(Fig.  154,  i4).  The  leaf  of 
Pisonia  tomentosa,  Casar.,. 
as  mentioned  above,  bears 
branched  hairs,  which  have 
a  glandular  function  (see 
above,  and  Fig.  154,  B). 
The  large  epidermal  cells 
of  Okenia  and  Boerhaavia 
are  filled  with  brownish- 
red,  tanniniferous  con- 
tents, and  are  differenti- 
ated as  secretory  cells ; 
they  were  observed  by 
Heimerl.  The  same  author 
demonstrated  the  deposi- 
tion of  crystalline  granules 
of  oxalate  of  lime  in  the 
walls  of  the  epidermal  cells 
(Fig.  154,  A)  in  the  genera 
mentioned  above.  It 
should  be  noted  that  these 
genera  belong  to  the  Sub- 
tribes  Boerhaavieae  aiid 

FlO.  154.  A,  Tnntverae  section  throagh  the  epidermis  of  ^SflcrAMc^  Abrouieae  of  the  Tribe 
ripens,  U;  B,  Branched trichome  iAPUomia  iomtniosa^QMias \  c,  Crys-  TLfiroKiliAQA  arrnrHina  frv 
ulUrietleiiintainUM;spo«ffytls8tteofP.mViVfe.Mait.-<)rigiiial.  MUraOmeae,   aCCOrOUlg    tO 

the  classification  of  Ben- 
tham  and  Hooker;  in  the  Sub-tribes  Bougainvillaeeae  and  Boldoeae,  and 
in  the  Tribes  Pisonieae  and  Leucastereae  *  Heimerl  sought  for  this  feature 
in  vain.  The  incrustation,  as  far  as  is  known,  is  almost  always  present  in 
all  the  species   of  a  genus ;    it  is   only  known  to  be  absent  in  a   few 


*  Species    of  BougqinviUoia^   Tricycia,   Boldoay   ColUgnonia,  RHchinbachia^  Pisonia,  Neea^ 
Phoiopiilum,  Cephalatwitmdra^  Leucasier  and  Cryptocarpis  were  examined. 
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species  of  Mirabilis  (Af .  Jalapa,  L.,  M.  longiflora,  L.,  M.  Oaxacae,  Heim.  and 
M.  *  WrigfUiana,  Decne.').  In  most  cases  the  deposition  is  met  with  in  the 
epidermisy  both  of  the  leaf  and  stem.  The  variations  found  in  the  individual 
species  depend  on  (a)  the  occurrence  of  the  deposition  in  both  the  upper  and  lower 
epidermis  of  the  leaf,  or  only  in  the  lower,  (b)  the  presence  of  the  deposition  in 
the  outer,  inner,  and  lateral  walls  of  the  epidermal  cells,  and  (c)  the  different 
degrees  of  abundance  of  the  excretion.  The  layer  of  granules  in  the  outer  wall 
is  directly  covered  by  the  cuticle,  and  is  bounded  towards  the  cell-lumen  by  a 
lamella  devoid  of  granules.  Deposition  is  rare  in  the  lateral  walls,  but  common 
in  the  internal  walls  of  the  epidermal  cells  ;  in  these  cases  also  the  lamella  of 
the  wall  adjoining  the  lumen  is  devoid  of  granules.  The  incrustation  may  also 
extend  to  the  walls  of  the  hairs,  whilst  the  stomata  are  invariably  free  from  it. 
In  some  cases  the  deposition  is  so  abundant,  that  the  leaves  and  stems  of  certain 
species  appear  grey  or  whitish,  the  stem  of  Boerhaavia  elegans^  Choisy  being 
chalky  white  \  In  Oxybaphus  a  study  of  the  development  has  shown  that 
the  incrustation  only  appears  at  a  relatively  late  stage,  and  originates  in 
the  cell-wall  itself.  Regarding  the  mode  of  excretion  of  oxalate  of  Ume,  the 
foUowing  statements  may  be  added.  Bundles  of  raphides  have  been  shown 
to  occur  in  species  of  Bougainvillaea^  Cryptocarpus,  Mirabilis  and  Oxybaphus^ 
raphides  and  styloids  in  species  of  Neea^  PhaeoptUum  and  Pisonia^  styloids  alone 
in  Eggtrsia.  In  the  leaf  of  Pisonia  nitida  each  cell  of  the  palisade-tissue  contains 
a  rather  small  clustered  crystal,  whilst  styloids  and  bimdles  of  typical  raphides 
or  of  short  adcular  cr5^tals  more  Uke  styloids  also  occur  in  the  mesophyll 
(Fig.  154,  C).  In  the  sacs  containing  crystal-sand  in  the  leaf  of  Leucaster 
caniflarus  there  are  either  tetrahedral  crystalline  granules  or  rather  small 
acicular  or  prismatic  crystals. 

3.  Structure  of  the  Axis.  Anomalous  structure  of  the  stem  appa- 
rently occurs  in  all  the  woody  species,  and  is  also  found  in  a  certain  number 
of  the  herbaceous  species.  It  has  been  recorded  by  various  authors  (Regnault, 
Unger,  Gronlund,  Petersen,  De  Barry,  Radlkofer,  Solereder,  H.  Schenck, 
Houlbert)  in  numerous  species  of  the  genera  Mirabilis,  Oxybaphus,  Boerhaavia, 
Bougainvillaea,  Pisonia,  Eggersia,  PhaeoptUum,  Neea,  Leucaster  and  Crypto- 
carpus.  The  constant  featiure  of  the  anomaly  consists  in  the  presence  of 
more  than  one  ring  of  vascular  bundles  in  the  transverse  section  of  the  axis 
(Fig,  155).  The  course  of  development  of  the  anomaly  has  been  referred  to 
above.  The  secondary  vascular  bundles  exhibit  a  concentric  or  irregular 
arrangement ;  they  are  embedded  in  conjunctive  tissue,  and  together  with 
the  latter  form  the '  wood '  of  the  Nyctagineae  ;  in  most  members  of  the  Order 
the  conjunctive  tissue,  except  the  innermost  portion  (on  this  point  see  below), 
consists  chiefly  of  prosenchymatous  cells,  which  are  provided  with  simple  pits 
and  usually  have  rather  thick  walls,  though  in  rare  cases  the  thickening  is  but 
shght  (Pisonia  fragrans,  Desf.).  Adjoining  the  phloem-groups  of  the  vascular 
bundles  there  are  frequently  a  few  unlignified  and  thin-walled  or  Ugnifled  paren- 
chymatous cells,  and  in  certain  members  of  the  Order  (in  all  the  species  of  Pi- 
sonia and  Neea  investigated  by  Houlbert  and  myself,  except  P.  hirteUa,  H.  B.  K.) 
narrow,  radial  strips  of  tissue  traverse  the  conjunctive  tissue,  and  in  their  com- 
petition correspond  to  the  medullary  rays  in  woods  with  normal  structure.  The 
thin-walled  conjimctive  tissue  is  developed  in  greater  abundance  in  a  minority 
of  the  species  investigated.  ITius  in  Bougainvillaea  spectabilis  the  secondary 
bundles,  in  which  the  xylem  consists  of  vessels  and  prosenchyma,  are  separated 
by  rather  broad  parenchymatous  strips  of  tissue,  resembling  medullary  rays. 


^  The  dnU  surface  of  the  stems  and  leaTes  in  some  species  of  Pisimia  and  Neea,  dne  to  a 
deposition  of  wax,  most  not  be  confounded  with  this  feature  (Hdmerl). 
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when  seen  in  a  transverse  section  of  the  stem ;  parenchymatous  conjunctive 
tissue  is  also  insinuated  between  the  secondary  buncUes  in  a  tangential 
direction.  B.  fastuosa^  Hrcq.  presents  similar  features,  according  to  Houlbert. 
In  Boerhaavia  plumbaginea,  Cav.  (Petersen)  and  B.  arborea.  Lag.  the  thin- 
walled,  parenchymatous,  conjunctive  tissue  is  also  rather  abundant.  In  these 
species  the  phloem-groups  and  the  adjoining  conjunctive  elements  combine  to 
form  concentric  annular  or  band-shaped  strips  of  tissue.  The  innermost 
portion  of  the  conjunctive  tissue,  formed  by  the  secondary  meristem  at  the 
conunencement  of  its  cambial  activity,  is  differentiated  so  as  to  resemble 
a  pith  in  many  members  of  the  Order.  Owing  to  this  fact  the  leaf-trace 
bundles,  and  sometimes  also  the  innermost  secondary  vascular  bimdles,  often 


Fig.  155.    Transverse  section  llirough  the  stem  ot  Pisonia  nigricans^  Sw.— OriginaL 

appear  to  be  medullary  (Mirahilis  and  Oxybaphus,  according  to  De  Bary). 
Probably  the  medullary  vascular  bimdles,  which  I  met  with  in  all  the  species 
of  Bougainvillaea,  CrypiocarpuSy  Pisonia  and  Neea  named  in  my  *  Holzstruk- 
tur,'  are  likewise  only  apparently  medullary ;  they  are  wanting  in  Leucaster 
caniflorus  and  (according  to  Petersen)  in  Boerhaavia  plumbaginea. 

Regarding  the  component  parts  of  the  vascular  bimdles  the  following 
facts  remain  to  be  mentioned.  The  xylem  contains  :  (a)  pitted  vessels  with 
simple  perforations  accompanied  by  reticulately  perforated  septa  in  the 
species  of  Boerhaavia  (Dickson,  Petersen) ;  (6)  prosenchyma ;  (c)  paren- 
chyma ;  {d)  in  the  leaf-trace  bundles,  spiral  tracheae  which  can  be  unrolled. 
The  latter  elements,  however,  sometimes  also  occur  in  vascular  bundles  which, 
from  their  position,  must  be  regarded  as  inner  secondary  bundles,  as  has  been 
shown  by  De  Bary  in  the  case  of  Mirabilis,  by  Petersen  in  Boerhaavia  and 
Bougainvillaea,  and  by  myself  in  species  of  Neea  and  Pisonia.    In  the  ordinary 
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cases,  in  which  the  conjunctive  tissue  is  formed  by  prosenchyma,  the  xylem- 
portions  of  the  vascular  bundles  have  not  a  distinct  boundary.  Together 
with  the  conjunctive  tissue  they  form  a  connected  xylem-mass,  in  which  the 
phloem-groups  of  the  vascular  bundles  are  embedded  like  the  islands  of  soft 
bast  in  Sirychnos, 

External  to  the  parenchymatous  pericycle,  in  which  the  anomalous  growth 
in  thickness  of  the  stem  takes  place,  a  zone  of  small,  isolated  groups  of  scleren- 
chymatous  fibres  is  present  in  the  species  of  BougainviUaea,  Crypiocarpus, 
Leucastety  Pisonia  and  Neea  examined  by  me ;  these  elements  are  wanting 
in  MirabiUs  Jalapa  and  Oxybapkus  viscosus  (Regnault).  The  cork  arises 
subepidermally  in  BougainvMaea  spectabilis  (according  to  H.  Schenck),  and 
in  Pisonia  and  Boerhaavia  (according  to  Petersen),  whilst  it  is  formed  in  a 
deeper  cell-layer  of  the  primary  cortex  in  Neea  parviflora  (according  to  Petersen). 

The  anomalous  structure,  as  far  as  is  known,  extends  also  to  the  roots 
{Mirabilis  with  parenchymatous  conjimctive  tissue  and  concentric  arrange- 
ment of  the  secondary  vascular  bundles,  according  to  De  Bary;  Bougainvillaea 
spectabilis  and  Pisonia  nitida,  according  to  Avetta). 

Literature:  Unger,  Bau  tu  Wachst  d.  Dicotyledonenst.,  Petersburg,  1840. — Nageli,  Beitr.  z. 
wisi.  Bot.,  i.  Heft,  1858,  pp.  iip-ai. — Regnault,  Anat.  d.  qnelques  tiges  d.  Cyclosp.,  Ann.  sc.  nat., 
sir.  4,  t.  xiv,  i860,  pp.  144-9  ^^  P^  ^^* — (^ronland,  Stamm.  og.  gren.  anat.  bygn.  bos  Neea,  etc, 
Vidensk.  Meddel.  nat.  For.  Kjobeobavn  1873,  19  pp.  (French  r^m^)  and  Tab. — Finger,  Anat. 
etc.  Yon  Mir cLbUis  Jalapa,  Diss.,  Bonn,  1873,  35  pp. — MoUer,  Holzanat,  Denkschr.  Wiener  Akad. 
1876,  pp.  35-6  and  331. — De  Bary,  Vergl.  Anat.  1877,  especially  p.  607  et  seq. — ^Dickson,  in 
Transact,  and  Proceed,  bot.  Soc  of  Edinburgh,  vol.  xiv,  1880,  p.  lax  et  seq. — Petersen,  Nyctag.- 
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pp.  (i6)-(i9). — Radlkofer,  in  Abh.  naturw.  Ver.  Bremen  1883,  P-  435  c^  ^« — Morot,  Pericycle, 
Ann.  sc.  nat,  s^r.  6,  t.  u,  1885,  especially  p.  28a  et  seq.— H^ail,  Tige  des  Diootyled.,  Ann.  sc.  nat., 
sir.  7,  t.  ii,  1885,  pp.  2^6-7.— -Solereder,  Holzstr.,  1885,  pp.  207-10. — Heimerl,  Einlag.  v.  Calcium- 
oxalat  etc.,  SiU.-Ber.  Wiener  Akad.,  Bd.  xdii,  Abt.  i,  1886,  sep.  copy,  16  pp.  and  i  Tab.— [Avetta, 
Anomalie  di  struttura  nelle  radid  delle  dicotyled.,  Ann.  delr  Ist.  bot.  di  Roma  1887,  p.  10.] — 
Heimerl,  Anat  d.  N.,  Denkschr.  Wiener  Akad.,  Bd.  53,  Abt  2,  1887,  pp.  61-78  and  3  Tab.;  onW 
treats  of  structure  of  flowers  and  fruit  I— Petersen,  Stsengelbygn.  hos  Eggersia^  Bot  Tidsskr.,  Bd.  10, 
1888,  pp.  ai6-20.  Tab.  iv  and  French  lisami  p.  (9)  and  Bot  Centralbl.  1888,  iii,  pp.  27-28.— 
Eiselen,  Rhaphiden,  Diss.,  Halle  a.  S.,  1888,  p.  13.— Kohl,  Kalks.  etc.,  1889,  p.  79.— Heimerl,  in 
NatiirL  PHanzenfun.,  iii.  Teil,  Abt.  i  b,  1889,  p.  15.— Houlbert,  Struct,  coihp.  du  bois  sec.  dans  Ics 
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ILLECEBRACEAE. 

In  this  Order,  which  is  mainly  composed  of  herbaceous  plants,  the  anatomy 
has  been  little  investigated.  From  the  few  facts  known  it  appears  that  in 
the  structure  of  the  axis  the  following  features  promise  to  afford  a  diagnosis 
of  the  Order :  the  usually  normal  structure  of  the  stem ;  the  lack  of  true 
medullary  rays  in  the  wood ;  the  simple  perforations  of  the  vessels ;  the 
bordered  pitting  of  the  wood-prosenchyma ;  and  the  superficial  development 
of  cork.  The  stomata  are  generally  surrounded  by  three  or  more  epidermal 
cells ;  in  Scleranlhus  the  Caryophylleous  tj^  is  found.  The  hairy  covering 
consists  of  unicellular  or  uniseriate  clothing  hairs,  which  are  mostly  simple, 
rarely  (PoUichia)  branched,  whilst  uniseriate  glandular  hairs  with  a  imicellular 
head  are  very  rare  (Dysphania),  Internal  secretory  receptacles  are  not  present. 
Oxalate  of  lime  occurs  in  the  form  of  large  clustered  crystals,  and  in  Gymno- 
carpos  also  as  crystal-sand.  Anonialous  structure  of  the  stem  in  the  form 
of  successive  rings  of  growth  has  been  shown  to  occur  in  PoUichia  campestris, 
Sol.  and  species  of  Corrigiola. 

The  structure  of  the  leaf  has  been  examined  by  Volkens  in  a  number 
of  desert-plants  {Pteranihus  *  dichotomus,  Forsk.,'  Hemiaria  hemistemon,  J. 
Gay,  Paronychia  desertorum,  Boiss.,  Gymnocarpos  decandrum,  Forsk.),  and 
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by  me  in  PoUichia  campestris^  Sol.,  Anychia  dichotoma,  Michx.,  Paronychia 
capitaia.  Lam.,  Pteranthus  eckinaius,  Desf.  and  ScUratUhus  perennis,  L.  The 
leaf-structure  is  commonly  centric  (e.g.  Pteranihus  dichotomus  and  Gymno- 
carpos  decandfum).  The  c^omata  are  usually  found  on  both  sides  of  the  leaf, 
and  either  lie  in  the  same  plane  as  the  surface  of  the  leaf,  or  (Pteranthus  dicho- 
tomus and  Gymnocarpos  decandtum)  are  strongly  depressed.  In  the  species 
which  I  examined,  with  the  exception  of  ScLcrafUhas  perennis,  the  stomata 
are  surroimded  by  three  or  more  epidermal  cells,  showing  no  special  mode 
of  arrangement ;  in  Scleranthus  the  stomata  are  parallel  to  one  another,  the 
pore  being  parallel  to  the  median  vein,  and  they  possess  two  subsidiary  cells^ 
placed  transversely  to  the  pore.  The  following  features  are  adaptations  to 
a  desert-climate  :  a  deposition  of  wax  on  the  leaf-surface  in  Gymnocarpos 
decandrum ;  high  epidermal  cells  in  the  leaf  of  Pteranihus  dichotomus  and 
Herniaria  hemistemon;  bladder-like  differentiation  of  the  epidermal  cells  in 
the  neighbourhood  of  the  margin  and  above  the  midrib  of  the  leaf  in  Pteranihus 
dichotomus  ;  and  central  aqueous  tissue  in  the  leaf  of  Gymnocarpos  decandrum. 

The  clothing  hairs  are  mostly  simple  and  unicellular  (Herniaria^  Parony- 
chia^  Anychia),  or  tmiseriate  {Scleranthus),  The  branched  trichomes  of  PoUi- 
chia campestris  are  generally  two-armed,  the  main  axis  and  the  arms  consist- 
ing of  a  single  row  of  cells.  In  the  floral  region  of  Pteranthus  echinatus  there 
are  uniseriate  trichomes  of  varying  length,  composed  of  few  or  many  cells, 
and  provided  with  a  capitate  swollen  terminal  cell ;  they  practically  have  no 
glandular  function.  On  the  other  hand  the  similarly  constructed  capitate 
hairs  in  the  species  of  Dysphania  (e.g.  D.  myriocephala,  Benth.)  are  glandular  ; 
the  species  of  this  genus  were  described  by  Bentham,  Flor.  Austral.,  as  sUghtly 
glandular.  Oxalate  of  lime  is  often  foimd  in  the  mesophyll  in  the  form  of 
large  clustered  crystals  (in  Pteranihus  dichotomus  and  Gymnocarpos  decandrum^ 
and  also  in  the  five  species  investigated  by  me) ;  the  primary  cortex  of  Gymno- 
carpos decandrum  contains  large  cells,  which  in  place  of  clustered  crystals 
enclose  a  compact  mass  of  crystal-sand  consisting  of  oxalate  of  Ume. 

The  structure  of  the  axis,  like  that  of  the  leaf,  has  been  little  investi- 
gated ;  it  was  examined  by  me  in  PoUichia  campestris,  Sol.  and  Gymnocarpos 
decandrum,  Forsk.,  by  Regnault  in  Paronychia  bonariensis,  Anychia  dichotoma 
and  Corrigiola  littoralis,  and  by  Petersen  with  reference  to  the  pericycle  in 
species  of  lUecebrum,  PoUichia,  Paronychia,  Herniaria,  Corrigiola,  (gymno- 
carpos, Pteranthus,  Cometes  and  Scleranthus.  In  the  structure  of  the  wood 
the  most  noteworthy  feature  is  the  absence  of  true  medullary  rays  in  species 
in  which  the  xylem-portions  of  the  vascular  bimdles  unite  to  form  a  ring  (PoUi- 
chia  campestris,  Gymnocarpos  decandrum.  Paronychia  bonariensis,  Anychia 
dichotoma).  In  PoUichia  and  Gymnocarpos  the  diameter  of  the  vessels  is  not 
great  (-02—03  nun.) ;  they  have  rather  thick  walls  and  simple  perforations 
(denticulate  at  the  margin  in  PoUichia  campestris).  Spiral  thickening  of  the 
vessel-wall  is  found  in  Gymnocarpos  decandrum.  Typical  bordered  pitting 
has  been  demonstrated  in  the  wood-prosenchyma,  not  only  in  PoUichia  and 
Gymnocarpos,  but  also  in  the  species  examined  by  Regnault.  A  sclerenchyma- 
tous  pericycle  is  of  frequent  occurrence  in  the  cortex  (in  the  species  examined 
by  Petersen  and  Regnault) ;  in  species  with  a  considerable  amount  of  growth 
in  thickness  it  becomes  split  up  into  smaU  sclerenchymatous  groups.  The 
development  of  cork  takes  place  subepidermally  in  Paronychia  bmariensis. 

Anomalous  structure  of  the  axis,  in  the  form  of  concentric  rings  of 
vascular  bundles,  is  found  in  PoUichia  campestris,  and  according  to  Petersen  in 
Corrigiola  littoralis  and  C.  telephiifolia  (also  in  the  root  of  C.  littoralis,  according 
to  Lohrer).  The  second  ring  of  vascular  bundles  in  PoUichia  (and  probably 
also  in  Corrigiola)  is  producM  by  a  secondary  meristem,  which  arises  in  the 
inner  parenchymatous  portion  of  the  pericycle. 
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Literatme :  R^^naalt,  Anat  d.  qq.  tiges  d.  Cyclosp.,  Ann.  $c.  nat.,  s^r.  4,  t  xiv,  i86p,  pp.  i  I3>i7 
and  pi.  7. — Solereder,  Holzstr.,  1885,  pp.  a  10,  an. — Lohrer,  Worzeln,  in  Wigand,  Bot.  Hefte,  ii, 
1887,  pp.  26-7  and  Tab.  ii. — Volkens,  Aegypt-arab.  Wiiste,  1887,  pp.  103-5  "*<^  Tab.  vii,  x  and  xv. 
—Petersen,  Mom.  til  Caryophyll.  anat,  Bot.  Tidsskrift,  Bd.  16,  pp.  187-202,  Tavle  5  and  French 
r^Qm^  p.  (8). 

AMARANTACEAE. 

1.  Review  of  the  Anatomical  Features.  With  few  exceptions 
(AchaiocarpuSf  Cladothrix)  the  woody  members  of  this  Order  are  distinguished 
by  the  same  anomalous  structure  of  the  axis  as  occurs  in  the  related  Nycta- 
gineae  and  Chenopodiaceae  (Fig.  157).  The  vascular  bimdles  scattered  in 
the  conjunctive  tissue  exhibit  concentric  or  irregular  arrangement  in  a  trans- 
verse section  of  the  stem,  and  the  conjunctive  tissue  either  consists  of  pros- 
ench5mia  with  simple  pits  or  of  unlignified  parenchyma;  whenprosenchymatous, 
medullarv  rays  are  sometimes  developed  m  it.  iht  perforations  of  the  vessels 
are  simple  in  all  cases.  .  The  formation  of  periderm  takes  place  superficially 
in  Amarantus,  The  stomata  do  not  possess  any  special  subsidiary  cells.  In- 
ternal secretory  organs  are  wanting.  The  hairy  covering  is  for  the  most 
part  formed  by  ordinary  unicellular  or  uniseriate  trichomes,  and  by  capitate 
hairs  with  a  uniseriate  stalk  and  a  unicellular  head.  The  following  are  special 
forms  of  hair  (Fig.  156)  * :  the  trichomes  of  PMotusy  with  two  arms  or  rarely 
more,  both  the  stalk  and  the  arms  being  composed  of  a  row  of  cells ;  the 
two-armed  trichomes  of  Dicraurus,  in  which  the  terminal  cell  has  equal  arms  ; 
the  stellate  hairs  of  species  of  Iresine  with  a  many-rayed  terminal  cell, 
occasionally  passing  by  transitional  forms  into  two-armed  hairs  with  arms  of 
unequal  length;  nnally  the  candelabra-hairs  of  AUemanthera,  Cladothrix, 
and  Telanthera,  in  which  each  tier  is  composed  of  a  many-rayed  cell.  The 
walls  of  the  various  forms  of  hair  (with  the  exception  of  the  capitate  hairs) 
are  in  many  cases  raised  into  numerous  small  papillae. 

2.  Structure  of  the  Leaf.  The  leaf -structure  has  been  little  investigated. 
ThespecieswhichI  examined,  representing  the  three  tnbes(Afnarantus  Blitum,  L. 
and  A.  polygonoides,  L.,  Cdosia  trigyna^  L.,  Gamphrena  desertorum.  Mart.), 
have  stomata  on  both  sides  of  the  leaf.  The  stomata  are  surroimded  by  three 
or  more  ordinary  epidermal  cells.  The  size  of  the  epidermal  cells  and  the 
nature  of  their  lateml  margins  vary  in  the  species  mentioned  above.  Cdosia 
trigyna  is  distinguished  by  papillose  or  bladder-Uke  protrusion  of  the  epidermal 
cefis  on  the  lower  side  of  the  leaf  opposite  the  vascular  bundles  of  the  veins. 
In  Amarantus  Blitum,  A.  polygonoides  and  other  species,  Gomphrena  deser- 
torum  and  other  species,  AUernatUhera  muscoides,  Benth.  et  Hook.,  and  Pkilo- 
xerus  vermicularis,  R.  Br.,  the  vascular  bundles  of  the  smaller  and  larger  veins, 
including  their  iiltimate  ramifications,  are  surrounded  by  a  characteristic 
sheath  of  large  and  ^most  cubical  parenchymatous  cells  (Fig.  156,  A-^B) ; 
this  is  a  feature  which  only  rarely  occurs  amongst  Dicotyledons,  although 
common  amongst  Monocotyledons.  According  to  Johow  and  Warming, 
Philoxerus  vermicularis  possesses  a  decidedly  peculiar  tj^  of  leaf-structure, 
viz.  rather  massive  aqueous  tissue  on  the  lower  side  of  the  leaf ;  stomata  in 
the  upper  epidermis  only ;  assimilatory  tissue  only  on  the  upper  side ;  and 
lastly,  vascular  bimdles  (of  the  veins)  with  a  parench3nnatous  sheath  of  cells 
with  wide  lumina,  and  radial  arrangement  of  the  adjoining  cells  of  the  palisade- 
tissue. 

Oxalate  of  lime  is  present  in  the  leaf  in  the  form  of  clustered  crystals 
or  OTstal-sand.  Solitary  crystals  are  rare  (axis  of  AUemanthera  procumbens, 
according  to  Nemnich).    Crystal-sand  and  clustered  crystals  sometimes  occur 

^  The  stellate  hairs,  mentioned  by  sjstematists  as  investing  certain  species  of  Trickiniumj  and 
the  hairy  oorering  of  CoHconma^  described  by  them  as  furfuraceons,  have  still  to  be  investigated. 
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side  by  side  in  the  leaf,  as  in  Aniarantus  Blitum  and  A.  polygonoides,  where 
large  clustered  crystals  are  found  in  the  mesophyll,  whilst  sand  occurs  in 
the  veins ;  in  other  cases  clustered  crystals  only  are  found  in  the  leaf  {Gomphrena 
desertorum),  or  sand  only  {Cdosia  trigyna) ;  in  Celosia  trigyna  the  sand  in  the 
cells  of  the  mesophyll  consists  of  coarse  granules  or  fragments,  whilst  that 
in  the  veins  is  more  finely  granular.  Crystal-sand  is  the  characteristic  form 
of  excretion  in  the  Order.    Besides  occurring  in  the  leaf  of  Amarantus  and 


Fig.  156.  A-B,  Sbeath  round  the  vaaciilar  bandies  in  the  veins  of  the  leaf  oi  Amarantus  Blitum,  L. :  A,  in 
transverae  section ;  b.  in  8arface-\'iew.  c-P,  Forms  of  trichomes  of  the  Amarantaceae :  C,  Aerva  la$tata^  Joss. ; 
D,  Cladoikrix  lanugtnosay  NnU. ;  e,  Iresr'ne  Schaffueri^  Wats. ;  F,  Dicraurus  Uptodadus^  Hook,  f  — OnginaL 

Celosia,  it  has  been  shown  to  occur  in  the  axis  in  species  of  the  following 
genera  by  Regnault,  Arcangeli,  Nemnich  and  myself :  Deeringia,  Celosia,  Bosia, 
Chamissoa,  AUmania,  AtnaratUus,  Acnida,  Cyaihula,  Pupalia.  Crystalloids 
have  been  met  with  by  Zimmermann  in  the  chloroplasts  of  the  leaf-tissue 
in  AchyratUhes  VerschaffeUii,  Mogiphanes  brasiliensis,  and  a  plant  described 
as  'Aerva  Sanguisorba* 

Ordinary  unicellular  or  imiseriate  trichomes,  which  give  rise  to  a  crisp, 
woolly,  or  silky  hairy  covering,  are  widely  distributed  amongst  the  Amaran- 
taceae.    Capitate  hairs  with  a  unicellular  or  uniseriate  stalk  and  a  unicellular 
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spherical  or  ellipsoidal  head  are  found  on  the  veins  on  the  lower  side  of  the 
leaf  in  Amarantus^  and  have  also  been  observed  by  Nemnich  in  species  of 
Achyranihes^  Acntda^  AUmaniay  Altemanthera  and  Gomphrena.  There  are 
numerous  special  forms  of  clothing  hairs  amongst  the  Amarantaceae ;  of 
these  I  may  mention  the  following  examples  derived  from  my  own  investigations. 
PtUotus  kUifolius,  R.  Br.  has  two-armed  or  many-armed  trichomes,  in  which 
the  stalk  and  the  frequently  long  arms  are  composed  of  a  row  of  cells  with 
thin  walls ;  the  lowest  cells  of  the  stalk  are  short  and  have  yellow  walls.  Charac- 
teristic uniseriate  hairs,  composed  of  a  few  short,  basal  cells  with  yellow  walls, 
and  several  longer  cells,  of  which  the  terminal  one  is  pointed,  are  foimd  in 
Aerva  lanata,  Juss.  (Fig.  156,  C),  but  not  in  Aerva  Monsonia,  Mart.,  where 
ordinary  uniseriate  hairs  occur.  The  characteristic  features  presented  by 
the  trichomes  of  Aerva  lanata  are  :  (a)  the  presence  of  numerous  small  laiobs  * 
on  the  longitudinal  walls  of  the  longer  cells  ;  these  knobs  are  not  solid,  but 
constitute  papillose  protuberances  of  the  waU  of  the  hair;  and  (b)  the  nature 
of  the  transverse  walls  in  the  upper  portion  of  the  hair ;  the  surface  of  these 
walls  is  not  plane,  the  margin  being  produced  into  papillae,  so  that  the 
cells  of  the  hair  become  firmly  dovetailed  with  one  another.  If  we  imagine 
some  of  the  papillae  of  the  long  cells  of  a  hair  in  Aerva  lanata  as  growing  out 
into  ray-cells  at  certain  points,  we  should  have  candelabra-hairs  like  those 
of  AUernanthera,  Cladoihrix  (Fig.  156,  D)  and  Telanthera.  The  following 
points  of  difference  are  shown  by  these  hairs.  In  T.  frutescens^  Moq.,  the 
upper  cells  of  the  candelabra-hairs  bear  whorls  of  pointed  branches,  each 
whorl  consisting  of  outgrowths  from  one  of  the  cells  immediately  above  the 
lower  transverse  wall,  whilst  in  Cladothrix  lanuginosa^  Nutt.  the  branches  radiate 
from  the  middle  portion  of  the  cell,  the  ceUs  in  question  being  cylindrical; 
in  Telanthera  fnUescens  we  meet  with  the  same  small  conical  protuberances 
as  in  Aerva  lanata^  whilst  in  Cladothrix  lanuginosa  the  nature  of  the  trans- 
verse walls  in  the  upper  portion  of  the  hair  is  the  same  as  in  Aerva  lanata. 
According  to  Schleiden  and  De  Bary,  the  candelabra-hairs  of  Altemanthera 
spinosa  resemble  those  of  Telanthera  frutescens.  The  stellate  hairs  of  Iresine 
Pringlei,  Wats,  may  be  regarded  as  a  reduced  form  of  candelabra-hair ;  they 
possess  a  uniseriate  stalk  and  a  terminal  cell  with  three,  four,  or  more  rays. 
The  hairy  covering  of  a  second  species  of  Iresine  (7,  S chaff neri,  Wats.)  consists 
of  transitional  forms,  some  of  which  lead  up  to  the  trichomes  of  Aerva  lanata, 
others  to  the  two-armed  hairs  of  Dicraurus.  The  commonest  forms  are  uni- 
seriate trichomes,  in  which  the  upper  portion  is  provided  with  small  papillose 
protuberances,  as  in  Aerva  lanata,  but  the  base  of  the  terminal  cell  bears  out- 
growths in  the  form  of  a  number  of  short  rays.  The  remaining  trichomes 
of  Iresine  Schaffneri  are  two-armed  hairs  with  arms  of  unequal  length ;  the 
terminal  cell  has  thick  walls,  and  exhibits  small  papillae  all  over  its  longi- 
tudinal walls,  but  bears  still  larger  protuberances  like  rays  just  above  the 
point  of  insertion  of  the  stalk  (Fig.  156,  £).  From  hairs  of  this  type  it  is  not 
a  great  step  to  the  two-armed  trichomes  of  Dicraurus  leftocladuSy  Hook.  fil. 
(Fig.  156,  F) ;  here  the  terminal  cell  has  equal  arms,  and  its  walls  are  likewise 
provided  with  small  papillae. 

The  petiole  contains  an  arc  of  isolated  vascular  bundles  in  the  character- 
istic region  in  the  species  of  Celosia,  Amarantus  and  Gomphrena  examined 
by  P«tit. 

3.  Structure  of  the  Axis.     The  anomalous  structure  of  the  stem ' 

^  Unicelliilar  or  miiseriate  hairs  with  similar  papillae  are  also  figured  by  Martins,  Nov.  Gen.  et 
Spec,  plant  Brasil.,  voL  ii,  Tab.  12J  tX  seq.,  in  species  oi  HebatUhe,  Mogiphams  and  Telanthera, 
and  by  H.  Schenck  in  HMUua ;  if  I  understand  him  rightly,  Nemnioh  also  obsenred  them  in  species 
of  Aehfranikesy  Altemanthera  and  Gomphrena, 

'  The  anomalous  structure  has  also  been  met  with  in  the  roots  of  the  Amarantaceae. 
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has  been  demonstrated  by  Sanio,  Regnault,  De  Bary,  Solereder,  Morot,  H. 

Schenck,Houlbert  and 
Nemnich  in  species  of 
the  following  genera  : 
Deeringia,  Cdosia, 
Hertnbstaedtia,  Ro- 
detia,  Bosia^  Chamis- 
soa^  AmarantuSy  Acni- 
day  Pupaliay  PsUotri- 
<^hum,  Aerva^  Achy- 
ratUhes,  Tdantheray 
Altemantheray  Gom- 
phretuiy  Froeltchiay  He- 
harUhe.  On  the  other 
hand  the  anomaly  is 
wanting  in  the  genus 
AchaiocarpuSy  which 
has  recently  been 
transferred  from  the 
Amarantaceae  to  the 
Phsrtolaccaceae  by 
Schinz  and  Autran» 
and  according  to  my 
own  observation  also 
in  the  woody  Clado- 
thrix  lanuginosa^  the 
systematic  position  of 
which  amongst  the 
Amarantaceae  had 
never  yet  been  doubt* 
ed.  The  mode  of 
origin  of  the  anomaly 
is  the  same  as  in 
the  Nyctagineae ;  the 
secondary  meristems 
develop  in  the  paren- 
ch3nnatous  pericycle, 
conmionly  on  the 
inner  side  of  small 
groups  of  sclerenchy- 
matous  fibres.  In  those 
cases  in  which  there 
are  successive  meri- 
stematic  rings,  each 
producing  a  ring  of 
vascular  bundles,  the 
latter  are  arranged  in 
concentric  circles.  On 
the  other  hand,  when 
there  are  only  strip 
of  meristem,  aris- 
ing  irregularly,    here 

Fig.  157.    IVansverae  sections  through  the  axis  of :  A,  Basia  yerva  mora,  L.  ;  and    there,    and    eAch 

developing    a    smgle 
vascular  bundle,  whilst  to  the  right  and  left  meristematic  strips  of  earlier 
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origin  are  still  active,  the  vascular  bundles  are  irregularly  arranged  in  the 
transverse  section.  It  may  be  noted  that  in  the  first  case  (Fig.  157,  A  *) 
both  the  radial  conjunctive  tissue  (simulating  medullary  rays),  and  the 
tissue  occurring;  tangentially  between  the  vascular  bundles,  is  paren- 
chymatous, whilst  in  the  second  case  (Fig.  157,  B ')  the  conjunctive  tissue 
is  prosenchymatous,  groups  of  unlignified  and  lignified  parenchyma  being 
present  only  in  connexion  with  the  phloem-groups.  Transitions  between 
the  two  types  are  occasionally  found  (see  Hehanike  pidvendenta.  Mart,  in 
H.  Schenck's  work).  The  prosenchymatous  conjunctive  tissue  bears  simple 
pits  like  the  prosenchyma  of  the  vascular  bimdles  themselves.  Medullary 
rays  sometimes  occur  in  the  prosenchymatous  conjunctive  tissue.  The  vessels, 
which  attain  a  diameter  of  -2  mm.  m  the  twining  species  of  HebatUhe,  have 
simple  perforations.  De  Bary  mentions  the  occurrence  of  apparently  medul- 
lary vascular  bundles*  (with  regard  to  this  term  see  Nyctagineae)  in  species 
of  Celosia^  Achyranthes  and  AmaratUus ;  in  the  species  of  the  latter  genus 
they  are  accompanied  by  true  medullary  vascular  bundles.  The  angles, 
which  are  sometimes  present  on  the  stems  of  the  Amarantaceae,  consist  of 
collenchyma  (Trichinium  sericostachyum^  Nees,  &c.).  According  to  Regnault 
the  development  of  cork  takes  place  subepidermaUy  in  species  ^AmaratUus, 

Literature :  Regnault,  Cydosperm^  Ann.  sc  nat,  Ux.  4,  t  xiv,  i860,  pp.  127-53  and  pL  viii. 
— Sanio,  in  Bot.  Zcit  1864.— De  Bary,  VcrgL  Anat,  1877,  especially  pp.  2^9  and  607  et  seq.— 
Johow,  in  Pringsheim,  Bot  Tahrb.,  Bd.  xv,  1884,  p.  10^  note. — H.  Scnenck,  Wandverdick.  etc, 
Din.,  Bonn,  1884,  p.  14  and  Tab.— Morot,  P^ricycle,  Ann.  sc.  nat.,  s^r.  6,  t  xx,  1885,  especially 
pp.  282-4. — H^nul,  Tigedes  DiootylM.,  Ann.  sc  nat.,  s^.  7,  t  ii,  1885,  p.  246«-~Soleieder,  Hokstr., 
1885,  pp.  211-13. — ^Witte,  Lianen,  Diss.,  Freibiug  L  Br.  n.  Kiel  1886,  pp.  15  and  24  et  seq.— Petit, 
Pdtiole,  M6n.  Soc  phys.  et  sc  nat  de  Bordeaux,  s6r.  3,  t  iii,  1887,  pp.  230-41  and  pL  ii. — 
Aicangeli,  OssaL  calc  criptocrist,  Nnov.  Giom.  bot  ItaL,  voL  xidii,  1891,  p.  369. — Zimmermann, 
Pflanzenzelle,  2.  Heft,  1891,  pp.  151,  152. — H.  Schenck,  Anat.  d.  Lianen,  18^3,  pp.  40-53  and 


Tab.  i. — Schinz,  in  NaturL  Pflanfcnfam.,  iii.  Tell,  Abt.  la,  1893,  pp.  92-3. — Schinz  and  Antran, 
Achatocarpus.  Bnll.  de  I'Herbier  Boissier  1893,  pp.  1-14  and  pL.  L — Honlbert,  Bois  sec.  dans  les 
Ap^tales,  These,  Paris,  1893,  pp.  66-9. — ^Nemnid^  Axe  etc  d.  A.,  Diss.,  Erlangen,  1894,  36  pp.  and 
I  Tab. — Herbst,  Maikstr.,  Bot.  CentndbL  1894,  i,  p.  295. — Schubert,  Parenchymscheiden,  Bot. 
Centralbl.  1897,  iv,  p.  63  et  seq.— -Warming,  Halofjrt  StadI,  K.  Danske  Vid.  Selsk.  Skr.  1897,  pp. 
J  24  and  226. 

CHENOPODIACEAE. 

(SUBORDO  I,  CHENOPODIEAE,  BENTH.  ET  HOOK.*) 

I.  Review  of  the  Anatomical  Features.  The  most  striking  anato- 
mical feature  in  this  Order  is  the  anomalous  structure  of  the  stem,  occurring 
in  all  Chenopodiaceae  in  which  the  growth  in  thickness  is  considerable.  It 
consists  in  the  appearance  of  pericyclic  rings  or  strips  of  cambium,  which 
originate  and  also  lose  their  activity  successively,  forming  secondary 
bundles  and  conjunctive  tissue.  Two  extreme  types  exhibited  by  the  trans- 
verse section  of  the  stem  may  be  distinguished :  the  first  shows  concentric 
zones  of  wood  and  bast ;  in  the  second  there  are  vascular  bimdles  embedded 
in  prosenchjmiatous  conjunctive  tissue,  and  arranged  in  various  ways,  either 


^  The  following  species  belong  to  this  tjrpe :  Celesta  argitnUa,  Moq.,  Bosia  yerva  mora^  L.  and 
Ckamissoa  altissima^  H.  B.  K.,  as  describ!^  in  my  *  Holzstrnktor,'  Heba$Uhe  fwlosericeoy  Mart., 
according  to  H.  Schenck,  and  Rodeiia  AmherstiaHa,  Moq.,  according  to  Houlbert 

*  The  following  species  belong  to  this  tjrpe :  according  to  my  '  Holzstrnktor  *  Duringia  baccaia, 
Moq.,  HermbstoiiSia  Caffra^  Moq.,  Pupalia  lappacea^  Moq.,  PsilotrUhum  cordatum,  Moq.,  Aerva 
samdenSf  Wall,  and  Telanth&ra  ramosissimat  Moq.,  and  according  to  Witte  Irtsim  eloHor^  Rich. 

'  Celesta  argentea  and  Ckamissoa  altissima  also  possess  apparently  medallary  vascular  bundles 
(see  my  'Holzstmktnr').  I  will  do  no  more  than  mention  that  there  are  further  statements  by 
Nemnich  on  this  subject,  as  they  do  not  appear  to  be  quite  reliable. 

*  The  Suborder  Baselleae  of  Bentham  and  Hooker  is  excluded  from  the  following  description, 
and  will  be  treated  separately  after  the  rest  of  the  Chenopodiaceae. 
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following  a  definite  law  or  without  regularity.  Other  features  common  to  the 
members  of  the  Order  are  as  follows :  the  vessels  usually  have  simple  perforations 
only  (exception  Axyris) ;  both  the  wood-prosenchyma  of  the  vascular  bundles 
and  the  prosenchjmiatous  conjimctive  tissue  bear  simple  pits.  True  medul- 
lary rays  occur  in  the  species  showing  the  first  type  of  transverse  section, 
but  have  not  been  observed  in  the  prosench)anatous  conjimctive  tissue  (in 
the  second  t}^).    A  sclerenchymatous  pericycle  is  found  in  nearly  all  tibe 


Fig.  158.   Transverae  aectioot  throasrh  the  leaves  of:  a,  Bassia  muricata^  All. ;  B«  StUsola  longi/olifL,  Porek. ; 
c,  AtripUx  Halimus^  L.^After  Volkens. 


members  of  the  Order ;  it  rarely  consists  of  a  closed  sclerenchymatous  ring, 
and  is  mostly  composed  of  isolated  groups  of  sclerenchymatous  fibres.  The 
formation  of  cork  varies,  and  may  be  either  superficial  or  internal ;  in  the  latter 
case  it  generally  takes  place  in  the  pericycle.  The  following  special  anatomical 
features  are  found  in  the  stem  :  the  pecuhar  structure  of  the  stem  in  certain 
Salsoleae  and  SaUcomieae  (which  have  a  peripheral  network  of  vascular  bundles 
in  the  aqueous  tissue,  surrounding  the  usiml  vascular  system  of  thd  axis) ; 
the  occurrence  of  apparently  medullary  vascular  bimdles  in  certain  cases 
(species  of  AtripUx^  Beta  and  Chenopodium),  and  of  true  medullary  bundles 
in  Acroglochin  persicarioides,  Moq.;    finally  the  presence  of  spiral  tracheids 
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or  spicular  cells  in  the  assimilatory  parenchyma  of  the  stem  in  certain  species 
of  Arthrocnemum^  Salicornia  and  Sarcobaius,  The  most  noteworthy  features 
in  the  structure  of  the  leaf  are  the  absence  of  a  definite  type  of  stoma,  and 
of  typical  spongy  tissue,  which  has  not  been  observed  in  any  species.  In 
spite  of  the  xerophilous  character  of  many  species  the  cuticle  rarely  attains 
a  considerable  thickness,  nor  have  mucilaginous  epidermal  cells  been  observed. 
On  the  other  hand  aqueous  tissue  and  a  covering  of  wax  on  the  surface  of 
the  organs  are  present  in  certain  species.  The  following  anatomical  features 
of  the  leaf  are  of  value  for  spcpal  diagnosis :  the  varied  mode  of  con- 
nexion between  the  assimilatory  tissue  and  the  vascular  system  of  the  veins 
(in  some  cases  by  means  of  a  characteristic  sheath.  Fig.  158) ;  the  peripheral 
or  central  position  of  the  aqueous  tissue  developed  in  the  leaf  (Fig.  158) ; 
and  the  transverse  arrangement  of  the  stomata,  not  uncommonly  shown  by 
narrow  leaves  (but  occurring  also  on  the  axis).  No  internal  secretory  recep- 
tacles are  present.  Oxalate  of  lime  is  excreted  chiefly  in  the  form  of  clustered 
crystals  and  crj^tal-sand,  rarely  also  in  the  form  of  soUtary  crystals.  The 
hairy  covering  is  very  diverse.  Glandular  hairs  are  rare  {Camphorostna, 
Chenopodium^  Fig.  159,  L-0),  and  always  consist  of  a  row  of  cells,  of  which 
the  terminal  cell  or  the  uppermost  cells  are  glandular.  Water-storing  bladder- 
like hairs  (Fig.  159,  C-F)  are  widely  distributed ;  they  have  a  unicellular 
or  uniseriate  stalk  and  a  unicellular  head,  which  varies  in  shape,  being  spherical, 
or  sac-like,  or  sometimes  differentiated  like  the  terminal  cell  of  a  two-armed 
hair.  The  following  types  of  clothing  hairs  are  found :  ordinary  uniseriate 
trichomes ;  uniseriate  trichomes  with  short  basal  cells  and  one  or  more 
longer  cells,  the  latter  being  studded  with  cellulose-papillae  (Camphorosmeae 
and  Salsoleae  of  Volkens'  classification.  Fig.  159,  A) ;  two-armed  hairs  having 
a  terminal  cell  with  equal  arms,  and  likewise  provided  with  cellulose-papillae 
{PetrostmoniOf  Fig.  159,  B) ;  stellate  hairs  in  which  all  the  rays  are  branches 
of  a  single  cell  (Grayia,  Eurotia,  Fig.  159,  G-H) ;  stellate  hairs  with  several 
uni-  or  multicellular  rays  {Axyris^  Fig.  15^  /) ;  finally  multicellular  cande- 
labra-hairs {Carispermum,  Fig.  159,  K,  AgnophyUum), 

2.  Structure  of  the  Leaf.  The  following  description  is  mainly  based 
on  Volkens'  statements. 

The  leaf-structure  of  the  Chenopodiaceae  shows  a  number  of  anatomical 
characters,  which  are  correlated  with  the  dry  habitat  of  the  members  of  the 
Order. 

The  mesophyll  is  in  many  cases  differentiated  into  assimilatory  and  aqueous 
tissue.  The  assimilatory  tissue  is  essentially  composed  of  palisade-cells. 
Typical  spongy  tissue  is  absent  in  all  the  species  examined  by  Volkens.  Accord- 
ing to  Volkens  the  aqueous  tissue  shows  three  types  of  differentiation.  In 
the  first  case  (Rhagodia  Billardieri,  R.  Br.)  it  forms  several  layers  of  palisade- 
like cells  with  thin  walls  beneath  the  upper  epidermis  of  tlie  leaf ;  it  has  not 
been  determined  whether  these  cells  belong  to  the  integumental  tissue  or 
not.  In  the  second  case  (in  species  of  the  genera  Bassia^  Kochia,  Chenolea, 
Panderia,  Kirilowia  and  A  triplex)  it  forms  the  bulk  of  the  mesophyll,  whilst 
the  palisade-parench3nna  is  relegated  to  the  middle  layers  of  the  mesophyll 
(Atnplex  Hdttmusy  L.,  Fig.  158,  o),  or  may  even  be  confined  to  the  immediate 
neighbourhood  of  the  vatscular  bundles  of  the  veins,  the  bundles  then  being 
always  provided  with  special  sheaths  (Bassia  muricata,  AH.,  Fig.  158,  A), 
In  the  third  case,  which  is  met  with  in  the  usually  terete  leaves  01  the  repre- 
sentatives of  the  Salicomieae,  Suaedeae  and  Salsoleae,  the  chief  part  of  the 
internal  tissue  of  the  leaf  is  composed  of  centrally  placed  aqueous  tissue,  which 
encloses  the  median  vein  together  with  its  branches,  lying  at  the  periphery 
of  the  aqueous  tissue ;  the  latter  is  often  (in  species  of  HalogeUm^  SalsoCa 
and  Traganum)  surrounded  by  a  special  starch-sheath,  this  being  followed 
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by  a  layer  of  paUsade-parenchyma,  and  the  latter  by  the  epidermis  (Fig.  158,  B). 
Salts  of  calcium  or  otiier  mineral  salts  are  conmionly  present,  dissolved  in  the 
contents  of  the  aqueous  cells. 

The  vascular  bimdles  of  the  veins  of  the  leaf  are  surrounded  by  special 
sheaths  in  some  members  of  the  Order  (in  the  Camphorosmeae,  Salsoleae, 
and  many  species  of  Atriplex^  but  not  in  the  Chenopodeae,  Corispermeae, 
Polycnemeae,  SaUcomieae»  Suaedeae  and  most  AtnpUceae,  according  to 
Volkens  ^) ;  the  cells  of  these  sheaths  are  distinguished  by  their  size  and  sbape, 
by  the  thickening  of  their  walls,  and  by  their  contents  (often  including  large 
chloroplasts).  In  flat  leaves  (e.g.  in  Bassia  muricata^  All.,  Fig.  158,  A)  these 
sheaths  are  found  in  direct  connexion  with  the  vascular  bundles,  and  even  in 
the  finest  ramifications  of  the  veins  they  enclose  the  bundles,  being  either  circular 
or  hippocrepiform  in  transverse  section ;  in  more  or  less  terete  leaves  (e.g. 
in  species  of  Halogeton^  Salsola  and  Traganum^  Fig.  158,  B)  the  sheath  is 
external  to  the  strongly  developed  aqueous  tissue  (see  above),  which  encloses 
the  fibrovascular  system. 

The  epidermis  of  the  leaf,  so  far  as  is  known,  consists  of  a  single  layer 
of  cells.  The  outer  wall  rarely  has  a  thick  cuticle  (epidermis  of  the  leaf  of  Agrio- 
phyUum^  and  that  of  the  branch  of  Noaea^  according  to  Volkens).  Gelatiniza- 
tion  of  the  epidermis  does  not  occur,  but  a  granular  coating  of  wax  is  some- 
times found.  Stomata  are  present  throughout  the  epidermis  of  the  leaf 
in  the  species  *  in  which  I  examined  the  leaf-structure,  and  this  is  the  case 
even  in  plants  with  flat  leaves.  In  the  narrow,  terete,  succulent  leaves 
it  is  not  a  rare  occurrence  for  the  pairs  of  guard-cells  to  be  paraUel  to 
one  another,  their  pores  being  arranged  transversely  to  the  median  vein  of 
the  leaf.  A  similar  transverse  arrangement  of  the  stomata  with  reference 
to  the  longitudinal  axis  is  also  occasionally  met  with  on  the  stem '.  In  the 
xerophilous  species  the  stomata  are  commonly  depressed  below  the  surface. 
Strictly  spealang,  special  subsidiary  cells  have  not  t^n  observed  in  this  Order, 
but  in  those  cases  in  which  the  pairs  of  guard-cells  show  the  abnormal  arrange- 
ment mentioned  above,  and  in  which  Sie  ordinary  epidermal  cells  of  the  leaf 
are  also  more  or  less  distinctly  elongated  transversely  to  the  midrib,  there 
appear  to  be  subsidiary  cells  placed  paraUel  to  the  pore  (on  the  leaf  of  Cam- 
pharostna  monspdiacum^  Salsola  Soda  and  Stuieda  fnUicosa^  and  on  the  axis 
of  Salicornia),  It  may  be  added  that  the  narrow  leaves  of  Polycnemum  arvense^ 
L.  also  possess  stomata  showing  a  parallel  arrangement,  but  in  this  case  the 
pore  is  parallel  to  the  median  vein  of  the  leaf. 

The  hairy  covering  presents  very  diverse  forms,  some  of  which  are  charac- 
teristic of  certain  genera  or  groups  of  genera.  Unicellular  hairs  are  not  present, 
but  uniseriate  hairs  are  widely  distributed.  Those  on  the  leaf  of  Chenopodium 
Botrys^  L.,  for  example,  consist  of  a  rather  large  number  of  thin-waUed  cells, 
rendering  the  hair  somewhat  articulated.  The  uniseriate,  simple  hairs, 
which  were  pointed  out  by  Volkens  in  species  of  Bassia  and  KirUowia 
(Fig.  159,  A)  are  especially  characteristic;  I  also  observed  them  in  Cam- 
phorosma  and  Echinopsilon,  and   according  to   Volkens    they   are   widely 

^  The  tribes  referred  to  in  oonnexion  with  Volkens'  investigations  are  taken  as  defined  in  his 
classification  in  the  Nattirliche  Pflanzenfamilien. 

'  These  were  :  CAgnopodium  giaucum^  L.,  A  triplex  hastaia^  L.,  Camphorosma  nion^liacum^  L., 
Corispermum  hyssopifolium,  L.,  Mycnettmm  arvense,  L.,  Echinopsihn  hyss^folius^  Moq.,  Suaeda 
fmticosa^  Forsk.,  Salsola  Soda,  L. 

'  The  arrangement  of  the  stomata  as  described  above  has  been  observed :  I.  on  the  leaves  of 
Camphorosma  manspdiacum,  L.,  Echimpsilon  hysso/tfolius,  Moq.,  HalogttoH  ahpecuroides,  Moq., 
Salsola  Kali,  L.,  S,  Umgifolia,  Forsk.,  S,  Soda,  L.,  Suaeda Jruticosa,  Forsk.,  S.  maritima,  Dam.  and 
Tragattum  nudaium,  Del,  according  to  Brick,  Volkens,  Warming  and  my  own  observations ;  IL  on 
the  stem  of  Suaeda  fruHcosa  (according  to  Georghieff)  and  of  the  Salicomias  (according  to  Daval- 
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distributed  in  the  Camphorosmeae  and  Salsoleae.  The  hair  is  either  seated 
on  one  prominent  epidermal  cell  or  between  two  such  cells  ;  it  is  composed  of 
a  basal  portion  consisting  of  one  or  a  few  cells,  which  have  thin  walls  and  are 
also  often  distinguished  by  their  contents,  and  of  a  long  pointed  terminal  portion 
consisting  of  one  or  a  few  cells,  the  walls  of  which  are  thick  and  more  or  less 
densely  covered  with  small  solid  papillae.  Another  special  form  of  trichome 
is  seen  in  the  two-armed  hairs  observed  by  Volkens  in  Pdrosimonia  (Fig. 
159,  B) ;  the  stalk  in  this  case  is  formed  by  a  few  short  cells,  whilst  the  ter- 
minal cell  is  covered  with  papillae.    Br^ched  trichomes,  which  are  of  a  similar 


Trichomes  of  the  Chenopodiaceae :  A,  Kirihmim  triantha^  ^fi^J  B, /ls/rv«»- 
momia  HUriea^  Bge. ;  c.  AiripUx  Uucodada.  BoIm.  ;  D-B,  Grajia  folygataidgt^  Hook,  et 
Arn. ;  tJCkttwpodiitmaloum^  L. ;  QjGra^foiytmloids*^  Hook,  et  Arn. ;  lAjSurotia  etratoid^ 
C.  A.  MeT. ;  J,  AxyrU  amaranioiaes^  II;  K^Corisptnmuim  hytsofifoiiuim^  L. ;  L,  ChgnO' 
'  "  ^1  L. ;  M-o,  C.  ambrosioUUs^  L.~A-k  after  Volken%  tJie  remainder  original. 


nature,  and  resemble  stellate  or  candelabra  hairs,  have  been  met  with  by 
Volkens  in  two  groups  of  allied  genera  (in  Grayia^  Eurotia,  Ceraiocarjms  and 
Axyris^  and  in  Corispermum  and  AgriopkyUum).  The  stellate  hairs  of  Grayia 
polygaloides.  Hook,  et  Am.  (Fig.  159,  G)  and  Eurotia  ceraioides,  C.  A.  Mey. 
(Fig.  159,  H)  have  a  short  stalk  of  a  few  cells,  and  a  stellately  branched  ter- 
minal cell,  whilst  those  of  Axyris  amarantoides,  L.  (Fig.  159,  /)  consist  of  a 
long  uniseriate  hair  bearing  a  few  short  ray-cells  basally.  TTie  candelabra 
hairs  of  Corispermum  hyssopifolium^  L.  (Fig.  159,  K)  and  AgriopkyUum  arena- 
rium,  Bieb.  have  a  uniseriate  axis  and  unicellular  rays. 

The  trichomes,  to  which  Volkens  gave  the  name  of  vesicular  hairs,  are 
especially  characteristic  of  the  Order,  and  give  rise  to  the  farinose  surface 
described  by  systematic  botanists.  According  to  Volkens  they  are  found  in 
many  species  of  Chenopodium,  Rhagodia^  MonolepiSy  Atriplex,  Exomis  and 
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Salsola,  and  they  also  occur  in  Obione  (Warming),  Teloxys  and  Axyris  (Geor- 
chieff).  The  bladder-like  hairs  are  of  the  capitate  type,  but  have  no  secretory 
function.  They  consist  of  a  unicellular  or  uniseriate  stalk  of  variable  length, 
and  of  a  unicdlular  head,  which  is  thin-walled,  and  stores  up  water.  The 
head  is  mostly  spherical  in  shape  {Atriplex  letscocladay  Boiss.,  Fig.  159,  C,  and 
Chenopodium  glaucum^  L.),  but  occasionally  it  is  saccate.  In  the  latter 
case  the  longitudinal  walls  of  the  head  are  sometimes  provided  with  short 
protrusions  (Fig.  159,  £),  thus  constituting  a  transition  to  the  stellate  hairs 
of  Grayia  (see  above) ;  or  the  head  is  seated  on  the  stalk  in  the  same  manner 
as  the  terminal  portion  of  a  one-  or  two-armed  hair  (Fig.  159,  D  and  F),  Bio- 
logically the  bladder-like  hairs  serve  for  the  storage  of  water,  as  Volkens  has 
shown.  When  the  water  contained  in  them  is  used  up,  they  collapse  and 
form  a  membranous  covering  on  parts  of  the  plant  where  they  have  been 
present  in  large  numbers. 

True  glandular  hairs,  secreting  oil,  have  hitherto  only  been  observed  in 
Campharosma  and  in  species  of  Chenopodium  belonging  to  the  sections  Ambrina 
and  Botrydium.  They  are  always  imiseriate.  In  Camphorosma  all  the  cells 
of  the  filamentous  glandular  hairs  are  secretory,  with  the  exception  of  a  few 
at  the  base ;  in  Chenopodium  Botrys  (Fig.  159,  L)  the  uppermost  cells  form 
an  ellipsoidal  glandular  head,  only  slij^tly  marked  oft  from  the  stalk, 
which  varies  in  length ;  in  C.  ambrostoideSy  L.  (Fig.  159,  ilf-0)  there  is 
an  approach  to  the  bladder-like  tj^  of  hair,  since  the  terminal  cell  is  espe- 
ciaUy  strongly  developed  (being  sac-like,  sometimes  with  two  unequal  arms), 
and  is  the  principal  or  only  seat  of  the  secretory  function. 

Internal  secretory  receptacles  have  not  t>een  observed ;  but  oxalate  of 
lime  is  conunonly  excreted,  and  chiefly  in  the  form  of  clustered  crystals  or 
crystal-sand.  Octahedral  or  prismatic  crystals,  which  apparently  belong  to 
the  tetragonal  system  (in  the  leaf  of  Echinopsilon  hyssopifolius  and  Cam- 
phorosma monspdiacum),  are  rare,  and  so  are  monocUnic  crystals  (Volkens). 
Among  the  species  in  which  I  examined  the  leaf-structure,  clustered  crystals 
only  are  present  in  Atriplex  hastata,  Corispermum  hyssopifolium,  Polycnemum 
arvense,  Echinopsilon  hyssopifolius  and  Salsola  Soda ;  in  Chenopodium  glaucum 
and  Camphorosma  monspeliacum  there  are  cells  with  clustered  crystals,  others 
containing  coarsely  granular  crystal-sand  besides  clustered  crystals,  and  others 
with  coarse  crystal-sand  alone ;  Chenopodium  Botrys  has  cells  with  coarsely 
granular  crystal-sand,  while  in  Suaeda  fruticosa  it  is  more  finely  granular.  Cirstal- 
sand  has  also  been  observed  in  the  stem  in  species  of  the  genera  Ambrina, 
Anabasis,  Camphorosma,  Echinopsilon,  Exomis,  Haloxylon,  Scdsola  and  Traga- 
num  as  stated  in  my  *  Holzstruktur.'  In  the  succulent  leaves  of  Salsola  longi- 
folia,  Forsk.,  Halogeton  alopecuroides,  Moq.,  and  Traganum  nudatum,  Del., 
the  clustered  crystals  occupy,  according  to  Volkens,  a  peculiar  position.  In 
these  species  a  loose  layer  of  colourless,  roundish  cells  is  intercalated  between 
the  epidermis  of  the  leaf  and  the  palisade-tissue ;  the  majority  of  these  cells, 
or  all  of  them,  contain  each  a  single  clustered  crystal ;  Volkens  regards  this 
sheath  of  crystals  as  a  protective  arrangement  against  the  attacks  of  snails. 

In  the  species  of  the  genera  Atriplex,  Blitum  and  Chenopodium  examined 
by  Petit,  the  fibrovascular  system  of  the  petiole  is  formed  by  isolated  vascular 
bundles,  which  are  arranged  in  an  arc  or  ring. 

3.  Structure  of  the  Axis.  Those  Chenopodiaceae  which  exhibit  con- 
siderable growth  in  thickness  are  characterized  by  the  same  anomalous  struc- 
ture of  the  axis,  as  occurs  in  the  Nyctagineae  and  Amarantaceae.  The 
following  statements  regarding  the  course  of  development  of  this  anomaly 
are  quoted  from  Morot's  work :  secondary  rings  or  arcs  of  meristem  (the 
latter  anastomosing  reticulatelv)  arise  in  centrifugal  succession  in  the  peri- 
cycle  (internally  to  the  bast-nbres,  where  these  are  present)  and  produce 
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secondary  vascular  bundles  as  well  as  conjunctive  tissue  of  varying  structure. 
The  xylem-portions  of  these  secondary  vascular  bundles  always  arise  on 
the  inner,  the  bast-portions  on  the  outer  side  of  the  secondary  meristem. 
The  appearance  of  a  transverse  section  of  the  axis  differs^  according  to 
the  nature  of  the  conjunctive  tissue  and  that  of  the  meristem.  In  the  one 
case  (e.g.  in  Cafnphorosma  and  EchinopsUan)  rings  of  woody  tissue  alternate, 
in  the  radial  direction,  with  rings  of  thin-waUed  tissue;  the  former  are 
traversed  by  lignified  or  thin-M^ed  medullary  rays  of  varying  breadth, 
the  broader  rays  sometimes  separating  the  xylem-groups  of  the  vascular 
bundles  of  the  same  ring  from  one  another ;  the  other  rings  of  tissue  consist 
of  the  phloem-portions  of  the  vascular  btmdles  together  with  thin-waUed, 
parenchymatous  conjunctive  tissue,  which  is  present  in  variable  amount, 
in  the  second  case,  which  is  connected  with  that  first  described  by  means  of 
intermediate  types,  and  occurs  in  the  majority  of  the  Chenopodiaceae,  the 
vascular  bundles  are  embedded  in  a  prosenchymatous  interfascicular  tissue, 
and  exhibit  a  concentric,  spiral,  or  irregular  arrangement.  In  this  case  the 
xylem-groups  of  the  vascular  bundles  coalesce  with  the  conjunctive  tissue ; 
they  are  only  distinguishable  owing  to  the  arrangement  of  their  vessels  in 
groups  opposite  the  bast-portions.  The  latter  vary  in  size,  and  are  some- 
times (Haiostachya  casina^  C.  A.  Mey.)  remarkably  small ;  a  group  of  Ugnified 
or  unUgnified  parencnymatous  conjunctive  tissue  is  commonly  associated 
with  them. 

In  a  transverse  section  of  the  stem  medullary  vascular  bundles  also  appear 
in  certain  members  of  the  Oder,  but  these  are  rarely  (in  Acroglochin  per  si- 
carioides^  Moq.,  according  to  Georghieff)  true  medullary  bundles.  In  most 
cases  *  their  development  shows  that  they  are  the  normal  leaf-trace  bundles, 
and  only  apparently  medullary ;  for  the  first  secondary  meristem  produces 
pith-like  tissue  external  to  them  before  proceeding  to  the  formation  of  the 
secondary  bundles. 

The  leaf-trace  bundles  sometimes  possess  considerable  growth  in  thick- 
ness, and  thus  delay  the  appearance  of  the  anomalous  growth  (Camphorosma 
and  EchinopsUan^  as  also  Blitum  virgaium^  Chenopodium  murale  and  C.  hybri- 
dum^  according  to  De  Bary,  Kochui  prostraia  according  to  Georghieff).  It 
may  be  added  here  that  in  Halosiachys  caspia^  C.  A.  Mey.,  5-8  zones  of  growth 
correspond  to  one  period  of  vegetation,  and  consequently  a  decrease  in  the 
size  of  the  lumina  of  the  vessels  from  within  outwards  may  be  recognized  in 
the  ijl^on  of  these  five  zones,  as  in  an  annual  ring. 

The  following  statements  regarding  the  distribution  of  the  anomaly  in 
the  Order  are  denved  from  the  descriptions  given  by  the  various  investigators 
(Gemet,  Regnault,  De  Bary,  Morot,  Solereder,  Volkens,  Georghieff).  Pro- 
bably the  anomaly  occurs  in  all  species  having  considerable  growth  in  thick- 
ness ;  at  any  rate  no  well  established  exception  •  in  this  respect  is  yet 
known.  Only  those  genera  and  species  which  exhibit  little  or  no  growth 
in  thickness  have  stems  with  normal  structure.  According  to  Volkens, 
OreobliUm,  Aphanisma  and  Monolepis  are  examples.  In  Blitum  Bonus 
Henricus^  Beta  trigyna  and  Hablitzia  tamnoides  the  stem  is  normal  in 
structm^  only  in  its  upper  portion  according  to  Georghieff.  In  the 
following  genera  the  anomaly  has  been  described  in  the  Uterature  (the 
sequence  is  that  of  Bentham  and  Hooker's  classification) :  Acroglochin^  Ha- 
bUtziUy  Rhagodia,  Monolepis^  Chenopodium,  Teloxys^  Beta^  Spinacia,  Exomis, 


>  In  many  herbaoeovs  species  of  ^/nr>/««,  Beta,  Chenopodium  and  Ohiom^  according  to  Georghieff 
(see  also  De  Buy). 

'  The  two  exceptions  which  Georghieff  mentions  {Camphorosma  manspeUacum,  L.  and  Grayia 
*  SuthirUmdi,  Hook,  et  Am.*)  axe  non-existent ;  c£  Volkens,  loc.  dt. 


Digitized  by 


Google 


662  CHENOPODIACEAE 

AtHpiex^  Grayia^  Eurotia^  Axyris,  Camphorosma^  Corispermum,  Agrtophyllum, 
Chenolea,  KochiUy  HalostachySj  Halocnemon,  Arihrocnemum^  Salicomia,  Suaeda, 
Traganumy  Camulaca,  Haloxylon,  Salsola,  NoaeUy  Anabasis^  HalogeUm  and 
Sarcobaius. 

The  following  facts  may  be  noted  regarding  the  detailed  anatomical 
structure  of  the  axis.  The  stems  of  the  herbaceous  forms  very  conmionly 
possess  subepidermal  bundles  of  collench3ana,  which  project  as  ribs.  The 
portions  of  the  epidermis  adjoining  the  coUenchymatous  bundles  externally 
often  consist  of  elongated  cells  (e.g.  in  Salsola  Kali^  L.),  whilst  the  intervening 
epidermal  cells  are  approximately  isodiametric  in  surface-view.  The  outer 
portion  of  the  primary  cortex  sometimes  (e.g.  in  species  of  Corispermum^ 
Salsola,  Suaeda,  &c.)  contains  palisade-tissue.  In  most  cases  the  outer  limit 
of  the  pericycle  is  formed  by  groups  of  sclerenchymatous  fibres,  so  that  the 
occurrence  of  a  sclerenchymatous  pericycle  may  be  considered  as  an  ordinal 
character  in  the  Chenopodiaceae,  as  is  held  by  Georghieff .  The  sderenchjnna, 
however,  rarely  attains  a  strong  development ;  thus  in  Blitum  Bonus  Henricus, 
for  instance,  only  weak  strands  of  collenchyma  are  present.  According  to 
(jeor^hieff  and  Volkens  the  place  of  origin  of  the  cork  varies.  In  Camphorosma 
and  its  immediate  aUies  the  subepidermal  cell-layer  becomes  the  phellogen 
(Volkens) ;  in  Kochia  prostrata,  Schrad.  the  cork  arises  in  the  primary  cortex 
(Georghieff) ;  finally  in  the  Atripliceae,  Salicomieae,  Suaedeae  and  SaJsoleae  \ 
according  to  Volkens,  the  cork  cambium  is  constituted  by  a  layer  of  the  pericycle, 
which  lies  immediately  to  the  interior  of  the  groups  of  sclerenchymatous  fibres, 
where  these  occur,  llie  prosenchymatous  conjunctive  tissue  usually  has  thick 
walls,  and  always  bears  simple  pits,  and  its  cells  may  be  arranged  in  radial 
series,  or  irregularly;  medullary  rays,  such  as  occur  in  the  Nyctagineous 
genus  Pisonia,  have  not  been  observed  in  this  tissue,  which  in  many  cases 
cannot  be  distinguished  from  the  wood-prosenchyma  of  the  vascular  bundles, 
since  the  elements  of  the  latter  tissue  also  have  simple  pits.  True  spiral 
tracheae  (primary  vessels)  only  occur  in  the  innermost  vascular  bundles, 
i.e.  in  the  leaf-traces.  Tlie  pitted  vessels  of  the  wood  generally  possess 
a  diameter  of  -015—045  mm. ;  the  twining  species  Hablitzia  tamnoiaes  has 
vessels  with  wide  lumina.  llie  perforations  of  the  vessels  are  as  a  rule 
simple.  Scalariform  perforations,  'with  very  oblique,  almost  longitudinal 
bars,'  have  only  been  recorded  in  Axyris  amarantoides  by  Georghieff.  Spiral 
thickening  of  the  vessel-wall  is  very  widely  distributed,  and  sometimes  occurs 
in  all  the  pitted  vessels,  but  in  most  cases  only  in  those  with  narrow  lumina  ; 
it  has  been  observed  in  certain  species  of  A  triplex,  Camphorosma,  Eurotia, 
Halocnemon,  Halostachys,  HcUoxyUm,  Kochia,  ifoaea,  Rhagodia  and  Suaeda 
(for  details  see  my  *  Holzstruktur  '  and  Georghieff *s  work). 

(Certain  genera  of  the  tribes  SaUcomieae  and  Salsoleae  require  a  special 
description.  In  the  stem,  as  in  the  leaves  of  these  genera  (see  above),  strongly 
developed  aqueous  tissue  is  present;  it  surrounds  the  vascular  system,  and 
is  in  its  turn  enclosed  by  a  sheath  of  palisade-tissue,  and  this  again  by  the 
epidermis ;  the  latter  is  sometimes  (as  in  Anabasis  aphyUa,  L.,  Brachylepis 
eriopoda,  Schrenk,  &c.)  strengthened  by  hsqxjderm.  The  aqueous  tissue  is 
enveloped  by  a  characteristic  network  of  vascular  bundles  closed  on  all  sides  ; 
the  xylem-groups  of  these  bundles  point  inwards  in  the  normal  way  in  the 
Salicomieae  investigated  by  Dangeard,  but  are  directed  outwards  in  the  Sal- 
soleae examined  by  the  same  author.  It  may  also  be  noted  that  the  same 
characteristic  sheath  of  collecting-cells  as  occurs  in  the  leaves  has  been  observed 
between  the  palisade  and  aqueous  tissue  of  the  stem  but  in  the  Salsoleae  only. 


Again  these  groups  are  to  be  taken  as  defined  in  Volkens*  revision  of  the  Chenopodiaoeae. 
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The  featpres  in  question  have  been  recorded  in  the  following  cases  by  Pangeard : 
amongst  the  Salicofnieae  in  species  of  Halostachys,  Halocnemon,  Arthrocnemum  and 
Salicomia  ;  amongst  the  Salsoleae  in  species  of  Ofaiston^  Noaea  and  Anab<isis  (with 
Brachylepis) ;  cortical  vascular  bundles  with  inverse  orientation  were  also  found  in 
species  of  karaninavia^  Caroxylon,  Girgensohnia,  Halitnocnemis  and  HalafUhium, 
See  also  Volkens'  work*  with  regard  to  species  of  Comulaca,  Haloxylon  and  A  nabasis. 
The  stem  of  Salsola  Kali,  L.  exhibits  the  layer  of  palisade,  the  characteristic  sheath 
and  the  aqueous  tissue,  but  the  network  of  bundles  is  wanting  (Brick). 

In  certain  species  of  Salicomia  and  Arthrocnemum  the  palisade-tissue 
of  the  stem  contains  sac-like  tracheids  with  wide  lumina  and  strengthened 
by  means  of  a  spiral  band ;  the  longitudinal  axes  of  these  elements  lie  radially. 
They  are  found  in  Salicomia  fruiicosa,  S.  patula,  S.  peruviana,  S.  sarmentosa, 
5.  virginica  and  Artiifocnemum  ambiguum,  whilst  they  are  only  slightly  de- 
velops in  5.  Emerici,  and  are  wanting  in  5.  herbacea,  Arthrocnemum  arbuscula, 
A.  capsicum  and  A.  indicum  (Duval-Jouve,  Dangeard).  In  Salicomia  macro- 
stachya  their  place  is  taken  by  spicular  cells,  which  are  elongated  in  the  same 
direction,  and  slightly  branched,  especially  at  their  apices.  Similar  *  stereides ' 
occur  in  Arthrocnemum  and  Sarcobatus,  according  to  Volkens. 

The  root  exhibits  the  same  anomalous  structure  as  the  stem.  For  syste- 
matic purposes  it  is  an  important  fact  that  the  anomaly  may  be  demonstrated 
in  the  root  of  species  in  which  it  does  not  appear  in  the  stem,  owing  to  the 
small  amount  of  growth  in  thickness  in  the  latter  (Blitum  Bonus  nenricus. 
Beta  trigyna,  Hablitzia  tamnoides,  according  to  (jeorghieff). 

literature :  Unger,  Ban  u.  Wachst.  <L  Dicotyledonenst.,  St.  Petenborg,  1840,  pp.  104-8,  Tab. 
xiii-ziT. — Badner,  lurghisensteppe,  in  Baer  tu  Helmersen,  Beitr.  z.  Kenntn.  d.  niss.  R.,  Bd.  xt,  1848, 
p.  93.— Schacht,  PflaDzenz.,  185a,  p.  283  and  Tab.  xt. — Gernet,  Holzk.  einiger  Ch.,  BnlL  Soc.  imp. 
NatnraL  de  Moscon,  t  xxxii,  1859,  PP-  i<^4-88  and  Tab.  ii. — R^inanlt,  Cydotperm^,  Ann.  sc  nat, 
s^r.  4,  t.  xiy,  i860,  pp.  133--^  and  pi.  viii. — Sanic^  in  Bot.  Zeit.  1863,  P*  4'^  '^^  '^4»  P*  ^^^' — 
A.  Weiss,  Pflanzenhaare,  18^,  Fig.  i98.~Daval-JouTe,  Salicomi^  Ball.  Soc  bot  de  France  1868, 
pp.  133-40  and  pi.  I.— Van  Tieghem,  Symm.  de  struct.,  Ann.  sc  nat,  s^r.  5,  t.  xiii,  1871. — Martinet, 
Otg,  de  s6cr6t.,  Ann.  sc  nat.,  wSr.  5,  t.  xIt,  187a,  p.  139  and  pL  8. — De  Bary,  Veigl.  Anat.,  1877. — 
Drojten,  Anat.  etc.  d.  Znckerriibe,  Diss.,  Halle  a.  S.,  1877, 37  pp. — Areschong.  Blad.  anat,  Blinnes- 
tkxik  Lnnd  1878,  p.  1 1 7  et  seq.  and  Tab.  ix.— De  Vrin,  Wachstnmsgesch.  d.  Zndcerriibe,  Landwirtsch. 
Jahrb.  t.  Thiel,  Bd.  viii,  1879^  p.  417  et  seq.  and  Tab.  vi. — Hult^ig,  Salicomia,  Acta  Lund.,  vol. 
xriii,  1881-3,  51  pp.  and  5  Tab. — Batalin,  Salicomia  herbacea,  Boll,  congr^  de  bot.  et  dliort  ^ 
St  P^tenboorg,  1884,  pp.  219-33;  Just  1884,  I,  p.  313. — Pidii,  Beta  vulgaris,  var.  sachariferaj 
NnoT.  Gion.  bot  ItaL,  vol.  xvi,  1884,  pp.  363-81. ^Volkens,  Standort  u.  anat.  Ban,  Jahrb.  Berlin. 
Gart  1884,  j>.  37  et  sej}. — Morot,  P^ricycle,  Ann.  sc  nat,  s^.  6,  t  xx,  1885,  especially  p.  377  et  seq. 
— H^rail,  Tige  des  Dicotvl.,  Ann.  sc  nat,  s^.  7,  t  ii,  1885,  pp.  345-6.~Solc9«der,  Holxstr.,  1885, 
pp.  31 7-19.— Georghieff,  Vergl.  Anat  d.  Ch.,  Bot  Centralbl.  1887,  ii,  p.  11 7  et  seq.  and  Tab.  iv-vii  and 
i887,tii,p.  33 et  seq.— Lohrer,  Wurzel,  in  Wigand,  Bot.  Hefte,  ii,  1887,  pp.  ao-3  and  Tab.  ii.— Petit, 
P^<^,  iliim,  Soc  sc  nat  et  phys.  de  Bord^nx,  s6-.  3,  t  iii,  1887,  pp.  336-9  and  pi.  ii. — ^Volkens, 
Aegypt.-arab.  Wiiste,  1887,  pp.  138-43  and  Tab.  xi,  xii  and  xv.— Brick,  Bait  Strandpfl.,  Schrift. 
na^Dl  GeseUsch.  in  Danzig,  Bd.  xvii,  1.  Heft,  1888,  pp.  i36-ii3  and  Tab.  ii.— Dangeard,  Stnict.  des 
Saliconiieae  et  des  Salsolaceae,  Bull  Soc  linn,  de  Normandie,  s6r.  4,  t.  ii.  Caen,  1888,  pp.  88-95 ; 
see  alto  BnlL  Soc  bot  de  France  1888,  pp.  157  and  197  et  seq. — Van  Tieghem,  in  Ann.  sc  nat, 
8<r.  7,  t  viii,  1888,  p.  70.— Warming,  Fra  YesterhaTskystens  Marskegne,  Vidensk.  Meddelels.  natnrh. 
Foren.  i  Kbhvn.  1890,  pp.  314  et  seq.,  asi  and  335. — Arcangeli,  Stmtt  delle  foglie  dell*  Atriplex, 

"        " "  '  -----  ^      >.       .  _ 

Lianen, 


.48-9  and  3fti.— Honlbert,  Bois  dans  les  Ap^ti^',  fhhse,  Paris,  1893,  pp.  7^1.— Herbst, 
y  Bot.  Centralbl.  1894,  1,  p.  39c — ^Russell,  Climat  m^.,  Ann.  sc  nat,  s^r.  8,  t  i,  1895, 
p.  336  et  teq. — Schnbert,  Parenchymsdbeiden,  Bot  CentralbL  1897,  ir,  p.  63  et  seq. — ^Wanning, 
Hal^rt  Stod.,  K.  Danske  Vid.  Selsk.  Skr.  1897,  pp.  190  et  teq.,  especially  sir  and  339  et  seq. — 


[Froo,  Racine  des  Suatda  et  des  Salsola,  Compt.  rend.,  t  cxxv,  1897,  p.  366  and  Struct,  s^iral^  des 
rac.  de  cert  Ch.,  loc.  cit,  t.  cxxvii,  1898,  p.  503.] 

BASELLACEAE. 

The  limits  of  this  small  Order,  which  was  established  by  Moquin-Tandon 
in  DC.  Prodr.^  vol.  xiii.  2,  coincides  with  those  of  Subordo  II  feaselleae  in 
the  classification  of  the  Chenopodiaceae  in  Bentham  and  Hooker's  Genera 
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Plantarum.  The  elevation  of  this  Suborder  to  the  rank  of  an  Order  and  its 
separation  from  the  Chenopodiaceae  is  also  warranted  on  anatomical  gromids. 
Neither  the  stem  nor  the  root  of  the  Basellaceae  exhibits  the  anomaly  found 
in  the  Chenopodiaceae,  whilst  on  the  other  hand  intraxylary  soft  bast  occurs. 
Other  noteworthy  features  for  the  diagnosis  of  the  Order  are  the  structure 
of  the  stomatal  apparatus  (which  belongs  to  the  Rubiaceous  type)  and  the 
sclerenchymatous  p^ricycle  in  the  stem.  Oxalate  of  lime  is  excreted  in  the 
form  of  clustered  crystals,  and  more  rarely  in  that  of  solitary  tetragonal  crystals. 
Mucilaginous  sap,  which  can  be  drawn  out  into  threads,  has  been  observed  in 
the  leaves  and  jcortex  of  certain  members  of  the  Order ;  it  is  due  to  the 
occurrence  of  spherical  mucilage-cells. 

I  have  made  a  detailed  examination  of  the  leaf-structure  in  Basella  rubra, 
L.,  BoussingauUia  baseUoideSy  H.  B.  K.  and  Anredera  spicata^  Pers.  Trichomes 
are  not  present.  Both  sides  of  the  leaf  are  provided  with  stomata,  which  are 
accompanied  by  two  or  more  subsidiary  cells,  arranged  parallel  to  the  pore. 
Large,  spherical  mucilage-cells,  in  which  the  mucilage  apparently  originates 
from  the  membrane  and  does  not  belong  to  the  cell-contents,  are  only  found 
in  the  mesophyll  in  the  species  of  Anredera  and  BoussingauUia.  Clustered 
crystals  of  oxsdate  of  hme  are  present  in  the  leaf-tissue  of  the  three  species 
investigated ;  in  Basella  rubra  there  are  also  prismatic  or  octahedral  crystals 
of  the  same  salt,  and  in  the  dried  leaf  of  Anredera  spicaia  yellowish  sphaero- 
crystalline  masses  of  unknown  chemical  composition. 

The  petiole  in  Basella  rubra  contains  two  large,  nearly  median  vascular 
bundles,  adjoined  on  either  side  by  smaller  bundles  ;  in  BoussingauUia  basel- 
hides  there  is  an  arc  of  wood  and  bast  (Petit). 

The  structmre  of  the  axis  has  been  investigated  by  Horot  in  Basella  rubra^ 
BoussingauUia  baselloides  and  UUucus  tuberosus^  and  by  me  in  BaseUa  rubra 
and  Anredera  spicaia.  In  all  these  species  there  is  a  sclerenchjrmatous  peri- 
cycle,  which  is  weakly  developed  in  UUucus  tuberosus^  but  strongly  developed 
and  continuous  in  Anredera  spicaia  ;  in  BoussingauUia  baselloides  it  is  broken 
up.  The  vascular  bundles  are  of  different  sizes,  smaller  strands  being  inter- 
calated between  the  larger ;  the  bundles  are  isolated  and  arranged  in  a  ring. 
The  larger  bundles  possess  intraxylary  soft  bast,  which  is  developed  to  a 
variable  extent  and  only  arises  secondarily,  according  to  Morot.  The  diameter 
of  the  vessels  is  large  (reaching  '2  nun.  or  more)  in  Anredera^  and  probably 
also  in  the  other  twining  species  ;  the  perforations  are  simple.  The  formation 
of  cork  takes  place  in  the  outermost  cell-layers  of  the  primary  cortex  in  Bous- 
singauUia baselloides. 

literature:  Strasbniiger,  Spaltoffn.,  Pringsheim  Jahrb.  1866-7,  p.  316  and  Tab.  zzzviii.— Morot, 
Anat  d.  B.,  Bull.  Soc  bot.  de  France  1884,  pp.  i04-7.--Georghieff,  in  Bot.  Centralbl.  1887,  ii,  pp. 
371-3. — Petit,  Petiole,  M^m.  Soc.  sc.  nat.  et  pbys.  de  Bordeaux,  i^r.  3,  t.  iii,  1887,  p.  338  and  pi.  i. 
— Volkens,  in  NatUrL  Pflanrenfam.,  iii.  Teil,  Abt  i  a,  1893,  p.  125. 


PHYTOLACCACEAE. 

I.  Revtew  of  the  Anatomical  Features.  In  its  anatomy  this  Order 
only  possesses  a  few  distinctive  characters  conunon  to  all  its  members.  Such 
are  the  absence  of  external  glands  and  of  special  internal  secretory  recep- 
tacles, the  simple  perforations  of  the  vessels  and  the  superficial  development 
of  the  periderm.  On  the  other  hand  the  t}^  of  stoma  and  the  natiure  of 
the  pittirijg  in  the  wood-prosenchyma  vary  within  the  limits  of  the  Order. 
The  Rubiaceous  type  is  well  marked  only  in  certain  genera  {Ledenbergia, 
MonococcuSy  &c.) ;  in  other  cases  the  stoma  is  surrounded  by  a  relatively 
large  number  of  epidermal  cells  exhibiting  no  special  arrangement.    The 
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wood-prosenchyma  bears  simple  pits  in  the  Rivineae  (excL  Microiea)  and 
Euphytolacceae,  but  in  the  Gyrostemoneae,  Microtea  and  the  anon^ous 
genus  Stegnosperma^  the  pits  in  this  tissue  have  narrow  though  distinct  borders. 
The  pericycle  is  sclerenchymatous,  containing  a  composite  and  continuous 
sclerenchymatous  sheath  (e.g.  in  Codonocarpus^  GaUesta,  Phytolacca^  Segu%eria\ 
or  isolated  groups  of  bast-fibres,  or  isolated  fibres.  Secondary  hard  bast  has 
not  been  oteerved.  In  a  number  of  genera  belonging  to  the  tril)es  Rivineae 
and  £uph3rtolacceae  the  structure  of  the  stem  or  root  is  anomalous  (stem 
and  root  of  Phytolacca^  stem  of  Ercilla^  Gailesia  and  Seguieria,  root  and  (?) 
stem  of  Anisomeria) ;  the  anomaly  consists  in  the  formation  of  successive 
secondary  rings  of  vascular  bundles  in  the  pericycle.  Oxalate  of  lime  never 
occurs  in  the  form  of  the  ordinary  solitary  or  clustered  crystals.  The  Rivineae 
(excluding  Microtea)  are  distinguished  by  possessing  styloids ;  in  the  Euphy- 
tolacceae  and  the  anomalous  genus  Agdestis  raphide-sacs  are  characteristic, 
and  in  the  Gyrostemoneae  the  absence  of  oxalate  of  lime  ;  the  anomalous  genus 
Stegnospenna  possesses  sphaerites.  Raphides  and  styloids  not  uncommonly 
give  rise  to  pellucid  dots  in  the  leaf.  The  hairy  covering  consists  of  simple 
uniseriate  hairs.  The  following  special  anatomical  features  of  the  Order 
may  be  shortly  referred  to  at  this  point :  the  occurrence  of  hypoderm 
on  the  upper  side  of  the  leaf  {Gailesia  Gorazema^  Moq.) ;  gelatinization  of 
epidermal  cells  (species  of  Codonocarpus  and  Gyrostemon)  and  more  rarely  of 
internal  cells  in  the  tissue  of  the  leaf ;  mediillary  vascular  bundles  in  the 
stem  (Phytolacca  dioica^  L.) ;  and  sacs,  crowded  with  numerous  crj^tals  of 
varied  shape  (species  of  Gailesia  and  Monococcus). 

2.  Structure  of  the  Leaf^  This  is  bifacial  in  most  members  of 
the  Order,  more  rarely  centric  (in  Gailesia  Gorazema^  Moq.,  Codonocarpus  aus- 
traliSf  Cunn.,  Gyrostemon  ramidosus^  Desf.,  and  according  to  Schulze  Didy- 
tnotheca  thesioides).  When  the  leaf  is  centric  the  mesophyll  either  consists 
of  palisade-tissue  throughout  (Gailesia  Gorazema)^  or  the  middle  of  the  leaf 
contains  aqueous  tissue  (Gyrostemon  ramulosiis).  The  epidermal  cells  have 
straight  or  undulated  lateral  walls.  Gelatinization  of  the  epidermis  is  men- 
tioned by  Blenk  as  occurring  in  Codonocarpus  australis  and  Gyrostemon  ramti- 
losus ;  cells  with  mucila^nous  membranes  are  also  found  in  a  subepidermal 
position  in  the  larger  veins  of  the  leaf  in  Codonocarpus  australis^  and  in  the 
central  aqueous  tissue  of  Gyrostemon  ramulosus.  In  the  species  of  Petiveria 
the  epidermal  cells  contain  chlorophyll  (Schulze).  A  hypoderm,  composed 
of  two  layers  of  rather  large  cells,  is  developed  on  the  upper  side  of  the  leaf 
in  Gailesia  Gorazema,  The  stomata  are  either  confined  to  the  lower  side  of 
the  leaf,  or  (in  Phytolacca  dioica^  L.,  and  according  to  Schidze  especially  in 
species  of  Microtea,  Codonocarpus  and  Didymotheca)  occur  on  both  surfaces. 
According  to  my  own  observations  those  of  Codonocarpus  and  Phytolacca  are 
always  surrounded  by  a  number  of  ordinary  epidermal  cells  exhibiting  no 
special  arrangement,  whilst  in  Rivina  and  GaUesia  stomata  belonging  to  the 
Rubiaceous  t}^  also  occur,  the  latter  being  the  only  type  present  in 
Ledenbergia  and  Monococcus,  Schulze  describes  the  Rubiaceous  type  as 
occurring  in  Petiveria,  Monococcus  and  GaUesia,  and  for  the  most  part  in 
Ledenbergia  and  Mohlana.  In  the  larger  veins  there  is  generally  no  scleren- 
chyma  accompan3ang  the  vascular  bundles,  but  in  those  of  Gailesia  Gorazema 
a  sclerenchymatous  ring  is  developed. 


'  The  strnctvie  of  the  leaf  and  axis  has  recently  been  examined  in  detail  by  Schulse.  In  his 
work  the  followini^  genera  were  investigated :  Rwina,  Lidenbtrgia,  Mohlana,  Pttivria^  Microtea, 
Afcmococcus,  Segtueria  and  Gailesia  (Tribe  Rivineae) ;  Phytolacca,  Ercilla  and  Anisomeria  (Tribe 
Enphytolacceae) ;  Didymotheca,  Codonocarpm  and  Gyrostemon  (Tribe  Gyrostemoneae) ;  and  the 
anomalous  genera  St^nosperma  and  Agdestis, 


Digitized  by 


Google 


666  PHYTOLACCACEAE 

The  mode  of  excretion  of  oxalate  of  lime  differs  in  the  different  tribes. 
The  genera  Rivina,  Mohlana,  Petiveria  and  Seguieria  (according  to  Blenk), 
GaUesia  (according  to  Radlkofer),  Ledenbergia  and  Manococcus  (according  to 
Schulze),  and  ViUamiUa  (V.  octandra^  Hook,  f .)  all  belonging  to  the  Tribe  Rivineae, 
possess  styloids  (sometimes  having  the  shape  of  a  swallow's  tail) ;  in  Microtea^ 
which  is  included  in  the  same  tribe  by  Bentham  and  Hooker,  oxalate  of  lime 
appears  to  be  wanting  (according  to  my  own  investigation  of  the  axis  and  leaf 
in  M.  maypurensisy  Don,  and  according  to  Schulze).  The  genera  Phytolacca^ 
EfciUa  and  Anisomeria^  belonging  to  the  Tribe  Euphytolacceae,  contain 
raphides,  according  to  Blenk ;  the  same  form  of  crj/^tal  also  occurs  in  the 
anomalous  monot3rpic  genus  Agdestis,  according  to  Schulze.  In  the  Gyro- 
stemoneae  {Didymotheca^  Codonocarfus^  Gyrostemon)  oxalate  of  lime  has  not 
been  observed.  The  anomalous  genus  Stegnospertna  is  characterized  by 
possessing  large  sphaerites  of  oxalate  of  Ume  (Schulze).  It  may  be  added  that 
the  styloids  and  bundles  of  raphides  occur  both  in  the  mesophyll  and  in  the 
parenchjonatous  tissues  and  bast  of  the  axis ;  those  in  the  mesophyll  are 
arranged  either  parallel  or  at  right  angles  to  the  leaf-surface, 
and  in  the  latter  case  conmionly  give  rise  to  transparent  dots. 
The  styloids  often  attain  very  considerable  dimensions.  In 
GaUesia  Garazema  and  Monococcus  echinophorus^  F.  v.  MiUl.,  the 
styloids  are  accompanied  by  special  crystal-sacs  in  the  meso- 
phyll and  veins  of  the  leaf  (according  to  my  own  observa- 
tions), and  in  the  former  species  similar  sacs  ocou:  in  the 
primary  cortex  of  the  axis ;  they  are  filled  with  numerous, 
rather  small  crj^talline  bodies,  the  shape  of  which  varies,  being 
either  shortly  prismatic  or  roimded  (Fig.  i6o).  In  the  same 
way  small  crystals,  resembling  styloids,  are  found  in  consider- 
able numbers  side  by  side  with  well-developed  styloids  in 
certain  cells  of  the  bast  of  Rivina  humUiSy  L.,  and  in  the  leaf  of 
ViUamiUa  octandra.  Zinmiermann  states  that  nuclear  crystal- 
loids occm:  in  the  cells  of  the  mesophyll  in  Rivina  humUis  and 
Ledenbergia  rosea-aenea^  and  in  the  former  species  in  the  epi- 
sS^inSevSTs^f  deouis  of  the  leaf  also.  Kruch  has  recorded  crystalloids, 
theieafof^^/bfM  occurring  free  in  the  cell-sap,  in  the  apical  region  of  the  leaf 
qS^SS!^"  ^'  in  Phytolacca  abyssinica^  and  according  to  the  same  author 
pecuUar  spherical  bodies  containing  proteid  and  varjdng  as  to 
the  nature  of  their  surface,  occur  in  cells  of  the  apex  of  the  leaf  in  P.  icosandra. 
Special  internal  secretory  receptacles  *  are  absent. 

The  hairy  covering  consists  only  of  sixnple  uniseriate  hairs ;  glandular 
hairs  are  not  present. 

In  Phytolacca  decandra^  L.,  a  transverse  section  of  the  petiole  in  the  charac- 
teristic region  shows  an  arc  of  three  isolated  vascular  bundles,  with  smaller 
bundles  adjoining  them  towards  the  margins  of  the  petiole. 

3.  Structure  of  the  Axis.  Some  of  the  genera  belonging  to  the  Tribes 
Rivineae  and  £uph3^olacceae  are  distinguished  by  having  an  anomalous 
8tem>structure,  which  consists  in  the  appearance  of  successive  rings  of  vascular 
bundles  in  the  pericycle.  This  anomaly  has  long  been  known  to  occur  in 
species  of  Phytolacca  (P.  abyssinica,  Hof&n.,  P.  acinosa,  P.  decandra^  L.,  P. 
dioicay  L.,  P.  icosandra^  L.),  where  it  is  foimd  not  only  in  the  stem,  but  also 
in  the  root  (Avetta).    Kriiger  also  observed  it  in  a  piece  of  the  branch  of 


'  Schnlze  correctly  describes  brown,  tanniniferotis  cells  as  occnrriag  in  the  mesophyll  of  GaUesia 
Gorauma ;  bnt  his  statement  regarding  the  occnrrence  of  snbepidermal  secretory  odls  ("the  gela- 
tinized portions  of  the  membrane  of  mndlaginoiis  epidermal  cells)  in  the  leaf  of  dodonocarpus 
australis  and  in  a  plant  with  linear  leaves^  described  as  '  Gyrostitnom  australis*  is  incorrect. 
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Ercilla  vdubilis  2  cm.  in  thickness,  and  I  have  met  with  it  in  Seguieria  flori- 
bundOf  Benth.  and  5.  longifolia,  Benth.»  to  which  on  Schulze's  authority  we 
may  add  5.  americana  \  According  to  Schulze  this  anomaly  is  also  found 
in  GaUesia  Gorazemay  Moq.  and  Anisomeria  drastica^  Moq. ;  I  can  confirm 
these  statements  in  the  case  of  the  stem  of  the  former  species,  and  at  any 
rate  as  regards  the  root  of  the  latter.  Transverse  sections  of  sufl&ciently  thick 
branches  of  the  above-mentioned  species  of  Phytolacca^  Ercilla,  Seguieria  and 
GaUesia  show  alternating  concentnc  rings  of  wood  and  bast.  The  inner- 
most ring,  which  alone  contains  primary  spiral  tracheae,  consists  of  the  leaf- 
traces.  In  the  young  branch  a  parenchymatous  pericjrcle  adjoins  the  bast-groups 
of  the  leaf -traces,  and  this  is  followed  by  a  composite  and  continuous  ring  of 
sclerenchjona,  which  bounds  the  primary  cortex  on  the  inner  side.  The  paren- 
chjmiatous  pericycle  is  the  seat  of  the  new  formations,  and  in  it  there  arises 
a  meristem,  which  before  giving  rise  to  a  secondary  ring  of  vascular  bundles, 
produces  parenchyma  on  its  inner  side,  part  of  this  tissue  becoming  Ugnified. 
Hence  each  secondary  ring  commences  with  a  zone  of  parenchjonatous  tissue, 
the  amount  of  which  varies.  The  medullary  rays  between  the  vascular  bundles 
of  each  ring  are  broad  in  most  cases,  and  are  generaUy  lignified ;  some- 
times (GaUesia  Gorazema)  even  the  rays  traversing  the  zones  of  bast  are  ligni- 
fied, at  least  in  the  internal  rings  of  growth.  The  greater  part  of  the  napiform 
root  of  Anisomeria  drasHca  consists  of  lar^e  parenchjonatous  cells  containing 
raphides,  as  I  found  on  examining  the  shces  of  the  root  which  accompany 
Lechler's  herbariimi-material ;  the  centre  of  the  root  is  occupied  by  the  primary 
vascular  tissue,  but  this  is  split  up  by  secondary  dilatation ;  in  the  groimd- 
tissue  adjoining  this  central  mass  of  tissue  one  mids  several  concentric  circles 
of  isolated  vascular  bundles,  in  which  each  xylem-group  is  marked  by  an 
elongated  row  of  vessels  with  rather  narrow  lumina,  the  group  of  bast  being 
clearly  developed  *.  It  may  also  be  noted  that  Phytolacca  dioica  has  medul- 
lary vascular  bundles,  the  structiu"e  of  which  is  concentric  according  to  Nageli 
and  Doidiot,  the  phloem  being  central.  It  remains  to  be  determined  by  future 
investigation  whether  the  other  genera  of  the  tribes  Rivineae  and  Euph5^o- 
lacceae  will  not  also  prove  to  have  anomalous  structiure  in  the  axis,  when  suffi- 
ciently old  material  is  examined.  From  Regnault's  description,  which  however 
is  not  quite  clear,  it  appears  that  Rivina  humUis,  L.  possesses  the  same  anomaly 
as  is  found  in  Phytolacca.  Schulze  observed  the  commencement  of  anomalous 
CTOwth  in  the  root  of  Petiveria.  In  Ledenbergia  rosea-aenea,  on  the  other 
hand,  anomalous  growth  in  thickness  seems  to  me  to  be  out  of  the  question, 
since  I  found  branches  almost  2  cm.  in  diameter  exhibiting  normal  structure. 
The  structiure  of  the  wood  has  been  examined  by  me  in  species  of  Rivina, 
Microtea,  Seguieria,  GaUesia,  Phytolacca,  Ercilla,  Anisomeria,  Codonocarpus 
and  Gyrostemon,  and  also  by  Schulze.  The  size  of  the  lumina  and  the  mode 
of  arrangement  of  the  vessels  vary  (maximum  diameter  =  •03—15  mm.) ; 
the  size  of  the  borders  of  the  pits  in  the  vessels  is  also  variable  (diameter  reach- 
ing -009  mm.  in  Phytolacca).  Spiral  thickening  of  the  pitted  vessels  has  been 
oteerved  in  Anisomeria  drastica.  The  perforations  of  the  vessels  are  simple 
in  all  cases.  Where  the  vessel-wall  is  in  contact  with  parenchjona,  it  either 
bears  bordered  pits  only  {Seguieria,  Codonocarpus,  Gyrostemon),  or  bordered 
and  simple  pits  {GaUesia,  Phytolacca).  Broad  medidlary  rays  are  found  (for 
example)  in  GaUesia  and  Phytolacca ;  in  Seguieria  and  Codonocarpus  the  rays 
are  from  one  to  three  cells  in  breadth  ;  in  Anisomeria  distinct  ray-parenchyma 

^  Hie  aDommloiis  structure  of  this  plant  is  incorrectly  interpreted  in  Moller*s  work  (loa  dL  1876). 

'  Farther  inyesti^tion  is  required  to  determine  whether  this  anomaly  also  occun  in  the  stem  of 
Anispmtria  drastica,  as  stated  by  Schulse,  or  whether  woody  tissue,  some  of  which  is  unlignified,  has 
not  been  mistaken  for  phloem ;  I  did  not  find  the  anomaly  in  herbarium-material,  even  in  thick 
branches. 
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is  not  present.  The  wood-prosenchjmia  is  characterized  by  having  simple 
pits  in  the  Rivineae  (excluding  Microtea)  and  £uph3^olacceae  so  far  as  investi- 
gated, but  in  the  Gyrostemoneae,  Microtea^  and  according  to  Schulze  also  in 
SUgnosperma  it  is  provided  with  small  but  distinct  bordered  pits.  The 
wood-fibres  of  Rivina  humilis  are  septate  in  some  places. 

The  following  statements  regarding  the  structure  of  the  cortex  are  based 
on  my  own  examination  of  Rivina  humUis^  Ledenbergia  rosea-aenea^  Seguieria 
longifolia,  Gallesia  GorazenuL,  Phytolacca  diaica  and  Codonocarpus  australis^ 
and  on  Schulze's  description.  In  Rivina  humUis  and  Ledenbergia  rosea-aetiea 
the  pericycle  contains  small  isolated  bundles  of  sclerenchyniatous  fibres,  while 
in  the  rest  of  the  species  examined  by  me  there  is  a  composite  and  continuous 
ring  of  sclerenchyma ;  Schulze  states  that  bast-fibres  occur  in  the  pericycle 
in  all  cases,  the  fibres  being  sometimes  accompanied  by  stone  cells.  Secondary 
hard  bast  has  not  been  observed.  In  Phytolacca  dioica  the  primary  cortex 
shows  a  strong  development  of  collenchyma  in  its  outer  portion,  whilst  in 
Codonocarpus  australis  it  contains  a  few  sclerosed  parenchymatous  cells ; 
in  Seguieria  longifolia  the  cortex  is  bounded  by  an  epidermis  composed  of 
cells  elongated  Uke  palisade-tissue.  The  formation  of  cork  takes  place  in  the 
subepidermal  cell-layer  {Ledenbergiay  Phytolacca  and  Codonocarpus^  accord- 
ing to  my  own  observation ;  Petiveria^  Seguieria,  Gallesia,  Phytolacca  and 
Gyrostemon,  according  to  Schulze). 
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BATIDEAE. 

This  small  Order,  the  systematic  position  of  which  is  still  uncertain, 
includes  only  the  monotypic  genus  Batis  with  B.  marUimay  L. 

The  axis  of  this  plant  is  normal  in  structure.  In  transverse  section 
the  mass  of  wood  exhibits  broad  medullary  rays,  and  rounded  vessels 
with  thick  walls  and  of  no  great  diameter  (reaching  -03  mm.).  The  vessels 
have  simple  perforations.  In  contact  with  parendiyma  of  the  medullary 
rays,  the  vessel-wall  bears  bordered  pits.  The  wood-prosenchyma  has  thick 
walls,  bearing  small,  but  distinctly  bordered  pits.  The  wood-parenchyma  is 
confined  to  the  neighbourhood  of  the  vessels.  Regarding  the  structure  of 
the  cortex  it  may  be  mentioned  that  isolated,  massive  groups  of  primary  bast- 
fibres  are  developed  in  the  pericycle.  In  the  secondary  bast  also  scattered 
sclerenchymatous  fibres  with  yellow  walls  are  found.  The  formation  of 
cork  takes  place  in  the  pericycle  on  the  inner  side  of  the  bundles  of  primary 
bast-fibres.  In  addition  to  the  cork  a  large  mass  of  phelloderm  with  abundant 
intercellular  spaces  is  formed  by  the  phellogen.    Oxalate  of  lime  is  present 
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in  the  pith,  primary  cortex  and  bast,  in  the  form  of  solitary  crystals,  which 
in  some  cases  have  a  corroded  appearance. 

An  important  feature  in  the  structure  of  the  leaf  lies  in  the  fact  that  the 
stoma  is  enclosed  by  two  semilunar  subsidiary  cells  arranged  parallel  to  the 
pore.  The  majority  of  the  stomata  are  orientated  so  that  their  pores  are 
transverse  with  regard  to  the  longitudinal  axis  of  the  narrow  leaf.  Trichomes 
are  not  present.  Oxalate  of  lime  appears  in  the  form  of  clustered  crystals, 
crystal-conglomerates,  and  also  solitary  crystals. 

Utentture:  Solereder,  Holzstr.,  1885,  p.  aao. — Wanning,  in  Vidensk.  Meddel.  natnrh.  For.  i 
Kbhvn.,  1890,  p.  aja. —Daromer,  Baits  marUima^  Ber.  dentsch.  bot.  Geaellsch.  189a,  pp.  643-4  and 
in  Natiirl.  Pflanzeofam.,  iii.  Teil,  Abt  1  a,  1893,  p.  laa — Honlbert,  Bob  sec.  dans  les  Apples, 
These,  Paris,  1893,  p.  75.— Warming,  Halofyt  Stud.,  K.  Danske  Vid.  Sclsk.  Skr.  1897,  p.  313. 


POLYGONACEAE. 

1.  Review  of  the  Anatomical  Features.  The  following  features 
may  be  pointed  out  as  characteristic  of  the  Order ;  the  absence  of  a  special 
type  of  stoma^  the  simple  perforations  of  the  vessels,  and  the  simple 
pits  borne  by  the  wood-prosenchyma.  The  pericycle  shows  different  types 
of  differentiation ;  the  formation  of  cork  is  superficial  or  internal.  Oxalate 
of  lime  forms  clustered,  or  ordinary  solitary  crystals.  The  following  types 
of  internal  secretory  organs  are  found :  cells  with  resinous  contents  (species 
of  Polygonum) ;  branched  secretory  cells  with  brown  contents  (cortex  of  the 
root  in  species  of  CaUigonum) ;  and  elongated  tannin-sacs  (stem  in  species 
of  Polygonum  and  Fagopyrum),  The  hairy  covering  consists  chiefly  of  simple 
unicellidar  trichomes  and  glandular  hairs,  in  which  the  head  is  small,  or 
peltate  and  of  larger  size,  being  either  unicellular  or  divided  by  vertical  walls. 
Anomalous  structure  of  the  axis  occurs  in  some  cases,  the  following  types 
being  represented  :  development  of  secondary  vascular  bundles  in  the  peri- 
cycle (Antigonon) ;  occurrence  of  medullary  vascular  bundles  {Rumex^  Rhmm)^ 
with  wood  and  bast  inversely  orientated,  or  with  concentric  structure  (the 
phloem  being  central) ;  presence  of  intra-xylary  phloem  (Emex) ;  development 
of  bundles  of  soft  bast  in  the  interfascicular  tissue  of  the  phloem  (Polygonum, 
Fagopyrum) ;  or  occurrence  of  cortical  vascular  bundles  {CaUigonum).  The 
following  special  anatomical  features  can  be  employed  in  detailed  diagnosis  : 
mucilaginous  epidermal  cells  in  the  leaf  ;  subepidermal  strands  of  sclerenchy- 
matous  fibres  and  aqueous  tissue  in  the  same  position  in  the  leaf  and  stem  ; 
h3^podermintheleaf;  strands  of  coUenchyma ;  the  development  of  a  character- 
istic sheath  in  the  stem,  and  so  on. 

2.  Structure  of  the  Leaf.  Since  only  scanty  information  has  hitherto 
been  obtained  regarding  the  structure  of  the  leaf  in  the  Polygonaceae,  it  was 
necessary  for  me  to  make  a  rough  survey  by  investigating  a  few  representatives 
of  the  five  tribes  {Eriogonum  angulosum,  Benth.,  Nemacaulis  NuUaUii,  Benth., 
Polygonum  Bistorta,  L.,  Rumex  scutaius,  L.,  Coccoloba  ovaia^  Benth.,  C.  longe- 
pendula.  Mart.,  Triplaris  Pachau,  Mart.).  On  the  basis  of  these  and 
other  investigations  the  following  facts  may  be  pointed  out.  In  Coccoloba 
ovaUiy  Polygonum  Bistortay  the  land-form  of  P.  amphibium^  L.,  in  P. 
equisetiforme,  Sibth.  et  Sm.  and  P.  aviculare^  the  epidermis  of  the  leaf 
contains  cells  in  which  the  inner  membranes  are  mucilaginous.  According 
to  Johow  hypoderm  occurs  in  some  species  of  Coccoloba^  such  as  C.  uvifera. 
The  stomata  are  always  surrounded  by  several  epidermal  cells,  which 
are  not  differentiated  by  their  shape  except  in  Coccoloba  and  Triplaris, 
They  either  occur  on  both  sides  of  the  leaf  (Eriogonum  angtUosum, 
Nemacaulis  NuttaUii^  Rumex  scutalus),  there  being  very  few  on  the  upper 
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surface  in  some  of  these  cases  (Polygonum  Bistorta^  Coccoloba  ovaia)^  or  they 
are  confined  to  the  lower  side  {Trii>laris  Pachau) ;  in  the  floating  leaves  of 
the  water-form  of  Polygonum  ampkibium  they  are  of  course  only  found  on 
the  upper  side.  The  leaf-structure  may  be  centric  or  bifacial.  The  leaves  of  Poly- 
gonum equisetiformey  a  desert-plant,  exhibit  a  sheath  of  palisade-tissue  beneath 
the  epidermis,  and  colourless  aqueous  tissue  in  the  interior  (Volkens).  Accord- 
ing to  Dammer  the  vascular  bundles  of  the  veins  (especially  those  of  the  median 
vein)  are  accompanied  in  Coccoloba  by  a  varjdng  amount  of  sclerenchjona ; 
in  species  of  Polygonum  and  Rheum  the  sclerenchjona  is  replaced  by  collen- 
chyma.  The  occurrence  of  subepidermal  strands  of  sclerenchjonatous  fibres  in 
the  leaf  of  Polygonum  equisetiforme  deserves  special  notice  ;  they  are  separated 
from  the  assimUatory  tissue  by  a  layer  of  aqueous  cells,  which  evidently  serves 
to  connect  the  palisade  parenchjona  (beneath  these  stnmds)  with  the  water- 
storing  epidermis.  It  may  be  added  that  similar  sclerenchynaatous  strands 
are  also  found  in  the  stem  of  Polygonum  aviculare^  L.  (GreviUius)  and  CMi- 
gonum  comosum^  L'H^rit.  (Volkens). 

The  hairy  covering  consists  of  clothing  and  glandular  hairs.  The  cloth- 
ing hairs  are  generally  long  simple  unicellular  trichomes  (Eriogonum^  Nema- 
caulis).  In  Polygonum  ampkibium  there  are  also  conical  shaggy  hairs  on  the 
leaves  of  the  lana-form  ;  the  cells  of  these  hairs  exhibit  a  multis^ate  arrange- 
ment, and  their  tips  project  as  papillae.  In  the  glandular  hairs  the  head  is 
always  unicellular,  or  divided  by  one  or  more  vertical  walls.  In  Eriogonum 
angiuosum  the  glandular  hairs  are  composed  of  a  cylindrical  or  conical  basal  cell, 
a  neck-cell,  and  a  unicellular  or  bicellular  head ;  in  Polygonum  Bistorta  and 
Rumex  scuiatus  there  are  sessile  glands,  the  heads  of  which  consist  of  from 
two  to  f  om:  cells,  though  sometimes  unicellular  in  Rumex  scutatus.  Larger  peltate 
glands  are  present  in  Coccoloba  and  Triplaris,  They  consist  of  a  short  stalk, 
composed  of  two  cells  lying  side  by  side,  and  a  shield  with  an  entire  margin  ; 
in  Coccoloba  ovata  and  C.  longependula  the  shield  is  mainly  divided  by  radial 
vertical  walls,  only  a  certain  number  of  which  reach  the  centre,  whilst  in  Tn- 
plaris  Pachau  the  shield  is  subdivided  by  division-walls,  running  in  various 
directions,  into  a  number  of  cells,  which  are  four-sided  or  polygonal  in  surface- 
view.  External  glands,  similar  to  those  of  Polygonum  and  Rumex  described 
above,  give  rise  to  a  mucilaginous  gummy  excretion  on  the  buds  in  Polygonum^ 
Rheum  and  Rumex  ;  but  here  the  glandular  structure  of  the  wall  of  the  trichome 
is  continued  from  the  point  of  insertion  of  the  latter  into  the  smooth  epidermis ; 
there  are  also  multiseriate,  elongated  glandular  shaggy  hairs  of  more  com- 
plicated structure,  and  having  the  form  of  a  lamella  orband. 

The  nectaries  found  on  the  leaf-cushions  of  Polygonum  cuspidalum^  Willd., 
and  of  certain  species  of  Muehlenbeckia,  form  depressions,  in  which  shortly 
stalked  peltate  hairs  are  densely  crowded  together  (Delpino  and  Morini) ; 
in  these  hairs  the  shield  consists  of  prismatic  cefis,  which  are  sometimes  trans- 
versely divided. 

The  internal  secretory  receptacles  include,  in  the  first  place,  cells  (or 
cavities  ?),  filled  with  yellowish  contents,  which  are  soluble  in  alcohol.  Such 
secretory  cells  were  found  by  Bokomy  beneath  the  epidermis  of  the  leaf  in  Poly- 
gonum acre,  H.  B.  K.,  and  occur  also  in  P.  punctatum.  Ell. ;  they  give  rise  to  trans- 
girent  dots  in  the  leaf.  Other  forms  are  the  branched  secretory  cells  oteerved  by 
indowsky  in  the  cortex  of  the  root  in  species  of  Calligonum,  and  the  long 
tannin-sacs  with  brown,  gelatinous  contents,  found  by  E.  Schmidt  in  the  stem 
of  certain  species  *  of  Polygonum ;   the  former  have  thin  walls  and  are  filled 


^  Viz.  P.  ampkibium^  P,  Hydropiper,  P,  lapathifoHum,  P.  orientale^  P.  Ptrsicariay  P,  Hnciorium, 
P.  Tfirginianum  ;  Fagppyrum  cymosunti  Meissn.,  /'.  emarginatum,  Mch.,  F,  escuUntum,  M(^., 
/*.  tataricum,  Gaertn. 
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with  a  brown,  tanniniferous  gum-resin.  The  tannin-sacs  resemble  the  well- 
known  sacs  of  SatPtbucus  nigra.  They  arise  by  the  elongation  of  single  cells, 
and  attain  a  length  of  12  cm.  or  more,  so  that  they  traverse  entire  intemodes  ; 
in  transverse  section  there  is  little  to  distinguish  them  from  the  neighbour- 
ing cells.  They  occur  in  the  pith  and  bast,  and  sometimes  also  in  the 
primary  cortex  and  are  not  found  in  the  subterranean  shoots,  or  only 
in  small  numbers ;  they  are  not  present  in  the  roots.  The  brown 
contents,  seen  in  the  tannin-sacs  in  older  stages,  sometimes  also  appear  in 
ordinary  parenchjonatous  cells,  which  contain  abundant  tannin  from  the  first. 
H^e  we  may  also  mention  the  bright  yellow  or  red  contents  in  the  cells  of 
the  medullary  rays  of  the  rhizome  of  rhubarb  ;  they  include  the  active  chry- 
sophanic  acid. 

Oxalate  of  lime  is  for  the  most  part  developed  in  the  form  of  clustered 
crystals,  but  ordinary  solitary  crystals  have  also  been  observed  *. 

The  structure  of  the  petiole,  which  has  been  investigated  by  C.  de  Candolle,  Plitt 
and  Petit,  is  uniform  only  in  so  far  as  the  vascular  bundles  have  an  isolated  course. 
In  Muehlenbeckia  complexa  and  M.  varians  the  characteristic  region  exhibits  two 
vascular  bundles  with  their  x^lem-groups  pointing  towards  one  another.  In  Rumex 
AceioseUa  this  part  of  the  petiole  contams  an  arc  of  isolated  bundles,  which  is  con- 
tinued into  the  petiolar  wines.  In  species  of  Potyganum,  owing  to  the  presence  of  one 
or  more  larger  vascular  bundles  in  a  median  position,  the  arc  is  converted  into  a  closed 
ring ;  this  is  also  the  case  in  AtUigonon  leptopus.  In  the  petioles  of  certain  species 
of  Rumex  and  Rheum  there  are  numerous  medullary  vascular  strands  within  a  more 
or  less  distinct  ring  of  isolated  bundles  ;  where  the  former  become  very  numerous 
{Rkeum)f  the  vascular  bundles  of  the  petiole  appear  quite  irregularly  scattered  in 
a  transverse  section. 

The  structure  of  the  ochreate  stipules  has  been  examined  by  Grevillius  and 
O.  Schultz  in  species  of  Rumex,  Rheum,  Polygonum  and  Faeopyrum,  The  ochreae 
exhibit  mechanical  strengthening  in  a  certain  number  of  the  species  only ;  it 
may  take  the  form  of  a  thickened  epidermis,  the  development  of  collenchvma  on  the 
inner  (P.  aviculare  and  P.  Raft)  or  outer  side  (P.  divaricatum)  of  the  ochreae 
coUenchymatous  differentiation  of  the  whole  of  the  ground-tissue  (P.  Hydropiper, 
Rheum),  the  occurrence  of  rings  or  crescents  of  sclerench3rma  accompanying  the  fibro- 
vascular  system,  or  the  differentiation  of  subepidermal  strands  of  sclerenchymatous 
fibres  (P.  amflexicaule,  P.  Bistorta,  &c.).  A  number  of  these  anatomical  features 
may  occur  siae  by  side  in  the  same  species.  Palisade-tissue  has  not  been  observed 
in  the  ochreae.    Stomata  occur,  but  are  rare. 

3.  Structure  of  the  Axis.  The  following  statements  regarding  the 
structure  of  the  wood  are  based  on  the  investigation  of  woody  species  of  the 
genera  Eriogonum,  Charizanthe,  CaUigonum,  Muehlenbeckia,  Coccoloba,  Tri- 
plaris  and  Ruprechiia.  The  arrangement  of  the  vessels  and  the  size  of  their 
lumina  vary  (maximum  diameter  =  024—07  nmi.).  The  perforations  are 
simple  ;  the  wall  of  the  vessel  bears  bordered  pits,  where  it  is  in  contact  with 
parenchyma  of  the  medullary  ra^.  Spiral  thickening  of  the  vessel-wall 
occurs  in  Eriogonum  fasciculaium,  Ibenth.,  Chorizanthe  panicukUa,  Benth.  and 
Tfiplaris  Pachau,  Mart.  The  medullary  rays  are  generally  from  one  to  three 
cells  in  breadth  *,  and  according  to  Houlbert  they  are  specially  numerous ; 
in  Chorizanthe  paniculata  distinct  medullary  ray-tissue  is  not  present.  The 
wood-prosench3ana  may  be  described  as  having  simple  pits ;  it  is  septate 
^  means  of  thin  transverse  walls  in  species  of  Muehlenbeckia,  Coccoloba, 
iriplaris  and  Ruprechiia,  Chambered  parenchyma  containing  o^stals  is 
found  in  Coccoloba, 

The  structure  of  the  cortex  has  hitherto  been  little  investigated.    In 


'  WaUiczek's  ttatement  (Priogsheim  Jahrb.,  Bd.  xxv,  1893,  p.  213)  that  nphides  occor  in  the 
tissue  of  tlie  petiole  of  Rhmm  is  incorrect.    The  petiole  only  contains  large  clustered  crystals. 
'  The  herbaceous  species  are  divergent  in  this  respect  (see  Herbit,  loc.  cit). 
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many  cases,  and  especially  in  the  herbaceous  species,  the  primary  cortex  con- 
tains strongly  developed,  subepidermal  strands  of  collenchyma,  which  project 
in  the  form  of  ribs.  The  collenchyma  is  occasionally  replaced  by  subepidermal 
strands  of  sclerenchjonatous  fibres,  which  have  been  mentioned  above  in 
the  section  dealing  with  the  structure  of  the  leaf ;  in  other  cases  (Antigonon 
leptopusy  Hook,  et  Am.,  certain  species  of  Rumex,  such  as  R.  Acetosa^  &c.) 
small  vascular  strands  he  in  the  comers  of  the  stem,  and  together  with  the  larger 
bundles  corresponding  to  the  furrows  constitute  the  normal  vascular  ring. 
An  endodermis  is  sometimes  developed  in  the  herbaceous  species.  The  peri- 
cycle  frequently  exhibits  sclerenchymatous  differentiation,  either  in  the  form 
of  a  continuous  ring  {Antigonon  l&ptopuSy  Polygonum  pro  parte),  or  of  isolated 
bundles  of  hard  bast  {Polygonum^  pro  parte).  The  development  of  cork  takes 
place  subepidermally  (Polygonum)^  or  in  the  pericycle  {Atraphaxis  spinosa^ 
L.,  according  to  Avetta). 

Anomalous  structure  of  the  axis  is  found  in  some  members  of  the  Order. 
Under  this  heading  we  may  first  mention  the  somewhat  irregular  formation 
of  the  xylem-mass  brought  about  during  growth  in  thickness  in  Atraphaxis 
spinosa^  L.  (xylem-mass  irregularly  lobed  in  the  stem  and  root),  according 
to  Avetta,  and  in  Coccoloba  striata,  Benth.  and  C.  ochreolata,  Wedd.  (flattened 
or  angular  stems),  according  to  H.  Schenck.    A  tme  anomaly  is  described 

by  Avetta  in  the  stem  and  root  of 
Antigonon  leptopuSy  Hook,  et  Am.  In 
transverse  section  the  five-angled  stem^ 
of  this  species  shows  a  5-rayed  pith  f 
the  latter  is  surrounded  by  a  vascular 
ring  composed  of  five  larger  and  five 
smaller  bundles  altemating  with  one 
another,  the  smaller  strands  Ijdng  in 
the  corners ;  outside  the  bimdles  tiiere 
is  a  pericyclic  ring  of  sclerenchyma. 
In  the  parenchymatous  portion  of  the 
pericycle  a  secondary  meristem  produces  five  secondary  vascular  bundles,  which 
round  off  the  outline  of  the  stem.  Another  anomaly,  first  discovered  by  Sanio 
in  Rumex  crispusy  consists  in  the  presence  of  medullary  vascular  bundles  in 
certain  species  of  Rumex  and  Rheum  \  These  bundles  are  generaUy  collateral, 
and  show  inverse  orientation  of  wood  and  bast,  but  in  a  few  species  (Rumex 
cordifoliusy  Horn.,  R.  domesticusy  Hartm.,  and  R.  orientalisy  Bemh.,  according  to 
Russow,  Bergendal  and  Mobius)  they  are  concentric  with  central  phloem. 

The  structure  in  question  has  been  examined  most  carefullv  in  Rumex  crispus 
(Fig.  161)  by  H6rail.  The  appearance  of  a  transverse  section  through  the  mature 
stem  of  this  plant  is  very  strildng.  A  common  sclerenchymatous  sheath  surrounds 
each  outer  (normal)  vascular  bundle,  together  with  the  inversely  orientated  strand 
situated  on  its  inner  side.  At  first  the  peripheral  bundles  alone  are  present,  each  of 
them  being  surrounded  by  a  sclerenchymatous  sheath  at  an  early  stage ;  subse- 
quently groups  of  soft  bast  arise  at  the  margin  of  the  pith,  and  these  soon  become 
enveloped  by  sclerenchvma  ;  at  a  still  later  stage  cambium  appears  at  the  outer  limit 
of  each  group  of  soft  oast,  and  gives  rise  to  the  xylem  of  the  medullary  vascular 
bundle  externally,  whilst  it  adds  to  the  soft  bast  internally  ;  finally  a  small  island  of 
sclerenchymatous  fibres  makes  its  appearance  in  the  middle  of  the  phloem.  The 
stem  of  Kumex  cordifolius  has  a  still  more  complicated  structure  (Mdbius).  In  this 
species,  in  addition  to  other  peculiarities  (such  as  concentric  vascular  strands,  &c.), 
we  find  not  only  double  vascular  bundles,  as  in  R,  crispus,  but  even  triple  bundles. 


Pig.  161.   Portion  of  a  trantvene  section  of  the  stem 
of  Runux  crUptUy  L.— After  Hirail. 


^  These  are :  Runux  confortus^  Willd.,  R.  cardtfoliiis,  Hdrn.,  R,  crispus^  L.,  R,  thmisticus, 
Hartm.,  R.  Hydrolapathum^  Hods.,  R,  ItmgifoHuSy  R,  maximuSf  R,  orientalist  R,  J^ientia,  R, 
undt*latus  and  Rheum  Ribes  (Peteraen,  H^niil,  Mobiosj. 
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owing  to  the  appearance  of  a  third  bundle  with  inwardly  directed  xylem  on  the 
inner  side  of  the  inversely  orientated  medullary  vascular  strand. 

Having  described  the  occurrence  of  medullary  vascular  bundles,  we  may 
next  consiaer  the  presence  of  intraxylary  soft  bast  in  Emex ;  the  peculiar 
streaky  structure  of  Radix  Rhei ;  the  appearance  of  bundles  of  soft  bast, 
arising  independently  in  the  interfascicular  tissue  of  the  phloem,  in  numerous 
species  of  Polygonum  and  Fagopyrum ;  and  the  occurrence  of  Cortical  vascular 
bundles  in  CaUigonum  comosum,  L'H6rit* 

Intraxylary  soft  bast  has  been  demonstrated  by  Petersen  in  Etnex  spinosa  and 
CefUr<^odium;  it  only  occurs  opposite  a  certain  number  of  the  vascular  bundles  ; 
according  to  Mdbius,  it  appears  also  to  be  present  in  species  of  Rheum  and  Polygonum. 
The  streaky  structure  of  Radix  Rhei  has  been  examined  in  detail  by  Schmitz  and 
DutaiUy.  In  the  tuberous  branches  of  the  rhizome  of  the  officinal  rhubarb-plant 
{Rheum  officinale,  BaiU.)  the  collateral  leaf -trace  strands  form  a  normal  vascular  ring 
enclosing  a  pith,  which  is  continually  undergoing  increase  in  size.  In  a  young  branch 
of  the  rmzome  the  pith  is  traversed  by  a  complete  network  of  anastomosing  strands 


Pig.  163.    TnuBsvene  tectioB  throngh  the  axis  of  CaUijjpmtim  eomosum^  L'H^rit.*Origiiia]. 

of  soft  bast,  which  are  arranged  in  transverse  zones,  following]  closely  upon 
one  another  and  corresponding  to  the  nodes ;  these  strands  unite  the  leaf- 
traces,  and  are  also  connected  with  one  another  by  bundles,  which  traverse  the 
intemodes  either  in  a  vertical  or  oblique  direction,  and  mostly  run  in  the  neip;hbour- 
hood  of  the  xylem-ring.  Around  eacn  of  these  strands  of  soft  bast  a  camtnal  ring, 
developed  at  an  early  stage,  produces  rays  of  soft  bast  on  its  inner,  and  rays  of  wood 
with  aoundant  parenchyma  on  its  outer  side,  whilst  between  the  rays  of  wood  and 
bast  it  gives  rise  to  medullary  ray-tissue,  which  becomes  filled  with  red  colouring- 
matter.  Thus  the  radiate  rings,  or  streaks,  are  medullary  vascular  bundles  with 
peiipheral  xylem.  Besides  occurring  in  Rheum  officinale,  they  are  found  in  R,  Emodi, 
R,  KhaponUcum  and  R,  palmaium,  but  they  are  not  present  m  R.  rugosum  and  other 
species.  The  groups  of  soft  bast  found  in  species  of  Polygonum  and  Fagopyrum  have 
t^en  examined  in  detail  by  £.  Schmidt ;  they  arise  between  the  phloem-groups  of 
the  stem,  and  become  connected  with  the  vascular  bundles  at  the  ncxies  ;  with  regard 
to  their  relation  to  growth  in  thickness  see  Schmidt,  loc.  cit.  The  cortical  vascular 
bundles  of  Calligonum  comosum,  L'H6rit.  (a  desert-plant  with  advanced  reduction 
of  the  foUar  organs),  and  of  other  species,  are  associated  with  a  series  of  other  note- 
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worthy  structural  features,  such  as  the  difierentiatioii  of  palisade-tissue  in  the 
primary  cortex,  the  development  of  a  characteristic  sheath  of  collecting  cells  below 
the  tradisade  layer  (similar  to  that  in  the  Salsoleae),  the  development  of  aqueous  tissue 
in  the  cortex,  and  so  on  (for  details  see  Fig.  162). 

From  the  xerophilous  structure  of  Calligonum  we  may  pass  to  the  anatomy  of 
the  phyliodades  of  Polygonum  plcUycladum,  F.  v.  MulL  According  to  Pick,  the  cortex 
contains  two  or  three  layers  of  palisade-tissue,  limited  internally  hy  a  zone  of  scleren- 
ch3rmatous  fibres.  The  sclerenchymatous  tissue  bears  prominences  reaching  as  far  as 
the  epidermis,  and  thus  has  the  form  of  a  wreath,  in  which  the  elongated  arcs  are 
concave  towards  the  exterior  and  enclose*the  assimilatorv  tissue,  whilst  the  vascular 
bundles  lie  in  the  small  internal  concavities  of  the  wreath. 

litentnie:  Sanio,  in  Bot.  Zdt  1865,  p.  179 — Hanstdn,  Harz-  a.  Schldmabs.,  Bot.  Zeit  1868, 
p,  699  et  seq.  and  Tab.  zi.— Schmitz,  Masem  von  Radix  Rhei,  Bot  Zdt.  1875,  pp.  a6o  and  276  et 
seq.— Rindowaky,  Histol.  d.  Gatt  Callwnumt  Mitt.  Univ.  Kiew  1875,  34  pp.  and  i  Tab.,  Russian ; 
abstr.  by  Batalin  in  Just  187s,  pp.  394-0.— MoUer,  Holzanat,  Denkschr.  Wien.  Akad.  1876,  pp.  34-5 
and  33a — De  Bary,  Vergl.  Anat.,  1877,  especially  p.  60a. — Areschoug,  Blad.  anat.,  Minnes»kr.  Lund 
1878,  pp.  67  and  115  et  sfQ*— -^  Schmidt,  Anat.  veget.  Org.  y.  Pohgonum  u.  Faff>fyrumf  Diss., 
Bonn,  1870,  38  pp. — Datailly,  Elements  nonv.  dans  les  tiees  etc.,  These,  Paris,  1879,  P«  73  et  seq. 
and  pL  Tiii.---€f.  de  Candolle,  Anat.  comp.  d.  fenilles,  Mem.  Soc.  phys.  et  d*hist.  nat  de  Geneve, 
t.  xxvi,  a,  1879,  p.  441.— Pick,  Armlanb.  Pfl.,  Diss.,  Bonn,  1879,  p.  9.— Bokomy,  Dorchs.  P.,  Flora 
i88a,  p.  371  and  scp.  copy,  p.  aj. — ^Petersen,  in  Engler,  Bot.  Jafok,  Bd.  iii,  i88a,  pp.  377-J. — 
Johow,  in  Pringsheim  Jahrb.,  Bd.  xv,  1884,  p.  309.— Volkens,  Standort  etc.,  Jahrb.  Berhner 
Cart  1884,  pp.  6  and  $4  et  seq — H^rail,  Tige  oes  DicotyL,  Ann.  sc  nat.,  s^r.  7,  t.  ii,  1885,  pp. 
383-7.— Solereder,  ^^^^m  1885,  pp.  aao-i. — Morini,  Nett.  estrannz.,  Mem.  Aocad.  Bologna  1880, 
p.  300  and  Uy.  iy-y.— Plitt,  Blattstiel,  Diss.,  Marbmig,  1886,  p.  40.^GreyilIias,  Stipelscheide  etc., 
Bot  Centralbl.  1887,  ii,  p.  354  et  seq.— Lohrer,  Wnrzd,  Wigand,  Bot.  Hefte,  ii,  1887,  pp.  33-3.— 
Mobtns,  Konzentr.  Gefassb.,  Ber.  dentsch.  bot.  Gesellsch.  1887,  pp.  16-18  and  Tab.  ii— Petit, 
P^ole,  M^.  Soc.  sc  phys.  et  nat.  de  Bordeaux,  s^r.  3,  t.  iii,  1887,  pp.  a33-6  and  pL  ii. — Volkens, 
Aegypt-arab.  Wdste,  1887,  pp.  143-3  and  Tab.  ix. — Avetta,  Snl  fosto  e  sufia  radice  dell*  Atraphaxis 
ifinosa^  Ann.  del  R.  1st.  bot  di  Roma,  voL  iii,  Fasc  a,  1888,  pp.  141-7  and  Tab.  xvi;  abstr.  in  Just 
1888,  i,  p.  730  and  Anat  ed  istol.  della  radice  e  del  iiisto  dell*  Anii^mn  UpiopmSy  loc  dt,  pp. 
148-56  and  Tab.  xvii-xviii;  abstr.  in  Tost,  loc.  dt,  p.  7a8. — ^Delpino,  inMem.  Accad.  Bologna  1888, 
-  6a  7. — Grevillins,  Ban  d.  Stammes  bd  Poiyg.  atncular$t  Bot.  Centralbl.  1888,  iy,  p.  316  et  seq. — 
Schults,  Veig:l.  Anat  d.  Nebenblattgeb.,  Flora  1888,  pp.  iai-4  and  Tab.  L— Petit,  P^ole,  Actes 
Soc.  Linn,  de  Bordeaux,  t  43,  1889,  p.  16  and  pi.  i.— Ross,  Tessnto  assim.  e  perid.,  Nnov.  Giom. 
bot.  ItaL,  vol.  xxi,  1880,  pp.  aao  and  a36. — ^Dammer,  in  NatiirL  Pflanzenfiun.,  iii.  Teil,  Abt.  i  a,  1891, 
pp.  a-4.— A.  Wagner,  m  Sitz.-Ber.  Wiener  Akad.,Bd.  d,  i.  Abt,  189a,  p.  515. — Honlbert,  Bois  sec. 
dans  les  Ap^tales,  Th^  Paris,  1893,  pp.  91-7. — Koningsbeiger,  Anat  Elgentiimlichk.  einig. 
HAium-A.,  Bot  Zdt.  1893,  Abt  i,  pp.  85-8  and  Tab.  iv.— H.  Schenck,  Anat  d.  Lianen,  1893,  pp. 
^7-8  and  Tab.  i.— Herbst,  Maricstr.,  Bot  CedtralbL  1894,  i,  p.  a94  et  seq.— Schilling,  SchldmbUd. 
d.  Wasserpfl.,  Flora  1894,  pp.  3a8-3i. — ^Rossell,  Climat  m^,  Ann.  sc  nat.,  s^.  8,  t  i,  1895, 
pp.  3a7  et  seq.  and  349. — Diels,  Neaseel.,  Engler,  Jahrb.,  Bd.  xxii,  1896,  p.  a49. — Parmentier,  in 
Ann.  sc.  nat.,  ser.  8,  t.  ii,  1896,  p.  ^i.— Wittun,  Oxalattaschen,  Bot  Centralbl.  1896,  iiL— Gillot 
et  Parmentier,  Rumex  ptUmtriSfOfSi,  Soc  bot  de  France  1897!  P*  3'^  ^^  '^* — ^^^nnin^,  Halofyt 
Stud.,  K.  Danske  Vid.  Selsk.  Skr.  1897,  p.  ao3.— [Montemartini,  Fnsto  dd  Polyg.  SiebokUi,  Malpig^ 
1898,  pp.  78-80  and  tay.  iiL— Haemmerle,  Pofyg.  cuspidatum^  Diss.,  Gottingen,  1898.] 


PODOSTEMACEAE. 

In  external  appearance  the  Podostemaceae  remind  one  of  Lichens,  thalloid 
Liverworts,  Jungennanniaceae  and  Algae  rather  than  of  Phanerogams.  In 
accordance  vdth  the  object  of  this  book,  their  anatomical  features  will 
be  quite  shortly  considered.  In  some  cases,  we  find  resemblances  to  Akae 
in  the  internal  structure  as  well  as  in  the  external  characters.  The 
shoots  are  composed  of  fairly  uniform  tissue,  which  is  very  frequently 
collenchjonatouSy  especially  in  the  neighbourhood  of  the  vascular  bundles. 
Stomata  are  entirely  absent.  The  epidermal  cells  sometimes  contain  chloro- 
phyll. The  vascular  bundles  are  never  strongly  developed ;  the  xylem  con- 
tains a  few  annular  and  spiral  tracheids,  but  sometimes  even  these  are  absent 
(root  of  Mniopsis  WeddMiana^  Tul.),  or  they  become  abortive  at  an  early  stage 
and  replaced  by  an  intercellular  space  (stem  of  TrisHcha  hypnoides^  Spreng.). 
In  the  phloem  the  sieve-tubes  are  not  always  distinct,  but  in  many  species 
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they  are  readily  seen  and  together  with  their  companion  cells  form  charac- 
teristic groups  of  cells.  An  endodermis  is  not  developed.  In  transverse  section 
the  stem  shows  more  or  less  distinct  dorsiventrality,  depending  on  the  position 
of  the  vascular  bundles  and  the  differentiation  of  the  ground-tissue.  As  a  rule 
there  are  only  a  few  isolated  vascular  bundles  in  the  stem ;  they  are  placed  side 
by  side,  so  that  there  is  no  vascular  ring.  In  Hydrosiachys  imbricaia^  Juss.,  on 
the  other  hand,  a  ring  of  isolated  vascular  bundles  occurs  in  the  axis  of  the 
inflorescence,  while  additional  medullary  and  cortical  strands  are  also  present. 
In  the  structmre  of  the  root  the  dorsiventrality  is  still  more  distinctly  nuurked 
than  in  the  axis.  The  vascular  system  is  nearer  to  the  ventral  than  to  the 
dorsal  side  of  the  root,  and  consists  of  two  vascular  bimdles,  which  are  placed 
side  by  side,  and  fused  together ;  the  two  xylem-groups 
are  situated  ventrally,  but  may  be  absent. 

Trichomes  have  only  been  met  with  on  the  leaf  in 
a  few  members  of  the  Chrder ;  they  occur  in  the  form 
of  short,  tubular  protrusions  of  the  epidermal  cells,  and 
have  a  secretory  function.  Clustered  crystals  of  oi^date 
of  lime  have  also  only  been  observed  in  a  few  cases 
(Hydfostackys  and  Lawia),  Intercellidar  spaces,  re- 
sembling resin-canals  (without  any  secretion  visible  in 
alcohol  material),  occur  in  the  root  of  WeddeUina 
squamulosa,  Tul.  On  the  other  hand  pecuUar  siUceous 
concretions  are  very  widely  distributed;  they  were 
already  observed  by  Tulasne»  but  were  only  correctly 
interpreted  for  the  first  time  (almost  simultaneously) 
by  Cario  and  Warming. 

The  silica-bodies  are  found  in  many  species,  and  often 
occur  in  great  abundance  ;  they  are  prmapally  to  be  met 
with  in  the  peripheral  parts  of  the  root,  stem  and  leaf, 
and  especially  in  the  epidermis  (even  in  the  trichomes). 
When  the  siuca-bodies  are  abundant,  the  organs  above 
referred  to  possess,  as  it  were,  a  coat  of  armour, 
which  is  regarded  as  a  protective  arrangement  against 
mechanical  injuries,  the  attacks  of  animals,  and  desiccation.' 
Thus,  according  to  Wanning,  the  silica-bodies  are  so 
abundant  in  Podostemon  Galvonis  that  the  plant  has  the 
same  appearance  in  the  dry  state  as  when  fi-esh ;  on  the 
other  hand,  plants  of  P.  subulatus,  a  species  which  is  almost 
devoid  of  sihca,  become  greatly  shrunk  in  drying.  In  those  pic.  163.  Sifica-bodies  of 
plants,  however,  which  have  a  complete  subepidermal  sili-  Truiicka  ky^noidts,  Spreng:.— 
ceous  armour,  the  latter  does  not  form  an  absolutely  closed  ^^^^  ^-*^**- 
sheath,  but  exhibits  various  '  passage-ways.'  The  appear- 
ance of  the  silica-bodies  varies  in  the  same  species.  In  most  cases  they  fill  the  entire 
lumen  of  the  cell.  Sometimes  they  are  absolutely  homogeneous  and  vitreous,  but 
frequently  it  is  only  the  outer  part  of  the  silica-body  that  has  this  homogeneous 
structure,  the  intenor  appearing  dull  owing  to  the  presence  of  a  quantity  of  small 
gas-vacuoles.  The  shape  of  the  siUca-bodies  is  also  very  varied,  even  in  the  same 
species,  as  is  shown  sufficiently  clearly  by  some  of  Cario's  figures  reproduced  here 
(rig.  163).  The  surface  of  the  silica-bodies  is  either  smooui,  or  shows  spiral  or 
annular  ridf  es,  or  is  corroded  in  a  very  peculiar  manner  so  as  to  exhibit  a  varying 
number  of  depressions  or  excavations.  Wanning  and  Kohl  reeard  the  silica-bodies 
in  Question  as  structures  formed  in  the  cell-cavity,  and  hence  homologous  with  the 
well-known  stegmata  of  Palms  and  other  Monocotyledons ;  the  same  observers  attri- 
bute their  varied  shape  to  the  influence  of  other  contents,  component  parts  of  the 
cell,  such  as  the  nucleus,  chlorophyll-bodies  and  starch-grains.  According  to  Stras- 
bni^^er's  investigations  on  Mniofsis  Weddelliana^  we  are  not  in  this  case  dealing  with 
a  deposition  of  silica  in  the  Uving  protoplasm,  but  rather  with  a  progressive  trans- 
formation of  the  superficial  portion  of  the  protoplasm  from  without  inwards. 
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StTMbiuger,  ZellhSnte,  Jena,  i88a,  pp.  354-5.^WanniDg,  Familien  P.,  ^Hdensk.  Selsk.  Skr.,  4  Abh., 
Danish  with  a  French  r^smn^  1 :  1881, 34  pp.  and  6  Tab. ;  II :  i88a,  88  pp.  and  9  Tab. ;  III :  1888, 
7a  pp.  and  IS  Tab. ;  IV :  1891, 47  pp. ;  v  :  1890— Kohl,  Kalks.  n.  Kieseis.,  1889,  pp.  349-67  and 
Tab.  V. — Warming,  in  Nat&'L  PflanzenSun.,  iiL  IVil,  Abt  a  a,  1890,  pp.  3  and  8-9  and  Hydrostackys^ 
Boll.  Acad.  roy.  Danoise  des  sc  et  lettres  1891,  sep.  copy,  7  pp. — Wachter,  Weadellina  squamuicsa^ 
Beitr.  z.  K.  einig.  Wasserpfl.,  Diss.,  Rostock,  1897,  pp.  18-33,  sep.  copy  from  Flora  1897. 


NEPENTHACEAE. 

This  Order  comprises  the  single  genus  Nepenthes^  widely  known  on  account 
of  its  peculiar  ascidiform  leaves  or  pitchers,  which  are  adapted  for  the  capture 
of  animals,  and  actually  digest  animal  substances.  The  genus  has  been  re- 
peatedly investigated  owing  to  its  interesting  foliar  organs,  and  its  anatomy 
is  consequently  well  known. 

The  leaf  of  Nepenthes  consists  of  three  parts ;  there  is  a  lamina,  which 
is  produced  into  a  cylindrical  portion  usually  serving  as  a  tendril,  and  ter- 
minates in  a  pitcher,  provided  with  a  lid. 

The  lamina  has  the  type  of  structure  usual  for  a  leaf,  as  my  own  observa- 
tions showed.  The  mesophyll  is  in  some  cases  (N.  pracUis^  Korth.  and  N, 
Boschiana^  Korth.)  distinctly  bifacial,  being  differentiated  into  palisade  and 
spongy  tissue,  of  which  the  former  consists  of  a  few  layers  of  short,  broad 
cells ;  in  other  species,  such  as  N.  amjmUaria^  Jack  and  N.  aUxmMrgimUa, 
Lobb.,  the  palisade-tissue  is  scarcely  distinguishable.  The  lateral  margins 
of  the  epidermal  cells  are  straight  m  most  of  the  species  investigated ;  in 
N.  ampuUaria  only  they  are  curved  on  the  lower  side  of  the  lamina.  In  the 
epidermis  of  the  lamina  stomata  occur  on  the  lower  side  only ;  they  are  also 
present  on  both  surfaces  of  the  lid,  and  on  the  outer  side  of  the  pitcher  itself. 
The  stomata  are  surrounded  by  several  epidermal  cells ;  those  of  the  lamina 
are  arranged  approximately  parallel  to  one  another,  and  with  their  pores 
parallel  to  the  midrib.  The  int^umental  tissue  of  the  lamina  is  supplemented 
oy  a  water-storing  hypoderm.  The  latter  is  developed  more  especially  beneath 
the  upper  epidermis,  where  it  usually  forms  a  continuous  layer  of  cells  with 
large  lumina,  considerably  exceeding  the  epidermal  cells  m  diameter  (iV. 
gracilis^  N.  ampuUaria  and  N.  albotnarginata) ;  in  N.  gracilis  the  cells  are 
elongated  transversely  to  the  median  vein  in  suiiace-view,  while  in  other  cases 
they  are  approximately  isodiametric.  In  N.  Bosckiana  there  is  a  layer  of 
small  cells  fying  immediately  beneath  the  epidermis,  and  followed  by  the  large- 
celled  hypoderm.  On  the  lower  side  of  the  lamina  the  lowest  laj^er  or  layers 
of  cells  of  the  mesophyll  also  assume  the  character  of  a  hypoderm.  The 
vascular  bundles  of  the  veins  are  provided  with  mechanical  tissue.  The 
course  of  the  veins  is  peculiar.  There  are,  firstly,  two  or  more  lateral 
veins,  running  parallel  to  the  principal  vein,  wnile  additional  systems 
of  delicate,  much  branched,  and  anastomosing  veins  arise  at  short  intervals 
from  the  midrib  and  run  near  the  upper  side  of  the  leaf.  The  meso- 
phyll of  the  lamina,  and  also  the  ground-tissue  of  the  Ud,  pitcher  and  axis, 
are  specially  distinguished  by  the  presence  of  spiral  cells  (Fig.  i64,ii-fi), 
serving  for  the  storage  of  water.  These  cells  are  mostly  tubular,  closed  on 
all  sides,  and  devoid  of  contents;  they  are  -og-s-ss  mm.  in  length  and 
«04S— 13  mm.  in  breadth ;  their  walls  are  stiffened  by  a  spiral  band,  composed 
of  three  or  more  partial  bands.  Both  the  wall  and  the  spiral  band  consist  of 
cellulose. 

Usually  the  inner  wall  of  the  pitcher  may  be  divided  into  two  sharply 
separated  zones,  the  slippery  and  the  glandular  zone,  which  one  can  distingiu^ 
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on  examining  the  internal  surfeice  with  the  naked  eye ;  sometimes  they  are 
even  recognizable  from  the  outside.  The  sUppery  zone  occupies  the  upper, 
the  glandular  zone  the  lower  portion  of  the  pitcher.  The  relative  areas  occu- 
pied by  these  two  zones  on  the  inner  wall  of  the  pitcher  vary.  In  some 
cases  the  line  of  demarcation  between  them  is  only  a  few  millimetres 
beneath  the  mouth  of  the  pitcher  (N.  villosa^  Hook,  f.,  N.  Edwardsiana,  Low, 
according  to  Wunschmann),  but  more  commonly  it  lies  in  the  middle  of  the 
pitcher.  The  sUppery  zone  is  rarely  completely  absent  {N.  biccdcafcUa^  Hook., 
N.  madagascariensis^  Poir.,  N.  Rajah,  Hook,  f.,  and  in  some  cases  in  AT.  ampfd- 
laria.  Jack  and  N,  Rafflesiana,  Jack,  according  to  Wunschmann).  lids 
zone  is  speciaUy  distinguished  by  the  absence  of  glands.  Its  surface  is 
not  wetted  by  water,  as  it  is  covered  with  a  granular  layer  of  wax,  which 
sometimes  has  a  blueish  or  reddish  colour.  In  the  epidermis  of  this  layer, 
besides  cells  of  the  ordinary  type  there  are  others  which  are  semilunar  and 
resemble  ^uard-cells ;  they  project  somewhat  like  papillae,  and  have  their 
concave  sides  directed  towards  the  base  of  the  pitdier  (Fig.  164,  C*).  The 
glandular  zone  bears  numerous  glands  of  characteristic  structure  (digestive- 
glands).  These  (Fig.  164,  D-F)  are  wart-like  bodies  and  may  be  seen  even  with 
a  lens  to  lie  in  pockets,  which  are  open  towards  the  base  of  the  pitcher ;  the 
pockets  are  produced  by  elongation  of  the  row  of  epidermal  cells  bordering  on 
the  upper  margin  of  the  gland  so  as  to  form  a  roof  4  with  a  sharp  edge, 
covering  about  one  half,  or  sometimes  the  whole  of  the  gland,  or  in  other 
cases  only  a  small  portion  of  it.  The  glands  themselves  are  placentiform 
masses,  consisting  of  either  two  or  three  horizontal  layers  of  cells,  of  which  the 
uppermost  is  differentiated  like  palisade-tissue,  and  appears  as  a  finely  polygonal 
network  in  surf  ace- view ;  the  gland  is  separated  from  the  internal  tissue  of 
the  wall  of  the  pitcher  by  one  or  more  layers  of  cells,  which  when  multi- 
seriate  are  arranged  like  cork-cells,  and  have  some  of  their  walls  suberized 
(Fig.  164,  F).  Another  important  fact  is  that  tracheal  strands,  springing 
from  branches  of  the  veins,  invariably  terminate  beneath  the  glands. 

Glands  of  a  similar  structure  to  those  described  above,  thoi^h  sometimes 
very  difiEerent  in  appearance,  are  also  found  on  other  parts  of  the  vegetative 
organs,  viz.  on  the  stem,  the  petiole,  the  midrib  of  the  leaf,  the  lower  and 
in  rare  cases  also  the  upper  side  of  the  lamina,  as  well  as  on  the  tendril, 
the  outer  side  of  the  pitcher,  the  inner  and  outer  surface  of  the  lid,  and  the 
margin  of  the  collar  of  the  pitcher.  These  glands,  however,  excrete  honey, 
and  have  the  function  of  attracting  insects.  Their  structure  has  been  examined 
especially  by  Macfarlane,  and  in  all  cases  agrees  with  that  of  the  digestive- 
glands  in  the  following  respects :  the  surface  of  the  glands  is  formed  by  two 
or  three  layers  of  secretory  cells,  the  uppermost  of  which  is  composed  of  palisade- 
like  ceUs ;  the  secretory  portion  is  limited  internally  by  one  or  more  layers 
of  cells,  some  of  which  are  suberized ;  tracheal  terminations  are  invariably 
found  beneath  the  gland.  The  glands,  which  occur  on  the  inner  side  of  the 
lid  in  variable  numbers  (numerous  in  N.  Boschiana,  few  in  N.  albomarginata), 
agree  closely  with  the  digestive  glands  in  their  flattened  placentiform  shape, 
and  in  being  composed  of  three  horizontal  layers  of  cells ;  they  lie  in  sn^ 
pits,  which  are  overarched  on  all  sides  or  on  one  side  only  (the  upper)  by  a 
projecting  flap  of  tissue  formed  by  the  adjacent  epidermal  cells.  The  marginal 
glands  of  the  collar  are  likewise  convex  multicellular  structures,  but  they  have 
an  elongated  form,  and  are  sunk  in  pits  of  a  corresponding  shape  and  often  of 
considerable  depth ;  in  these  glands  the  layers  of  glandular  cells  cover  the 


^  These  cells  have  nothing  to  do  with  the  deposition  ot  wax.  Macfarlane  found  transitions 
between  d&em  and  normal  stomata,  and  supposes  that  they  take  part  in  the  excretion  of  water  in  the 
interior  of  the  pitcher. 
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entire  convex  surface,  apart  from  the  insertion  of  the  gland.  The  glands, 
described  by  Macf  arlane  as  occurring  on  the  other  portions  of  the  ascidium  enume- 
rated above  and  on  the  stem  in  various  species,  are  essentially  different.    In 


PlO.  164.  A-B,  Spiral  celli  from  the  leaf  of 
N.  aJbomarjirinaia^  Webb,  c,  Bpidennb  of  the 
8lippenr  lone.  D-P,  Digestive  glands  of  N,  tJbo- 
mar^r^uUa  :  D,  in  sarface-view ;  B-p,  in  a  section 
cnt  parallel  to  the  longitudinal  axis  of  thepitcher. 
G,  Honey-gland  from  the  stem  of  N.  Iikylkum- 
phora.'-'h^  Bf  D-P  Original,  C,  after  Coebel, 
G,  after  Macfarlane. 


them  the  layers  of  glandular  cells  form  the  wall  of  a  depression  in  the  surface 
of  the  organ,  the  shape  of  the  depression  varying  in  different  cases.  The 
depressions  are  either  shallow  and  widely  open  (leaf-glan4s  of  iV.  hyh¥ii(C)y 
or  have  the  form  of  deep  and  narrow  canals  (stem-glands  of  iV.  Pkyllamphora^ 
Fig.  164,  G),  or  of  larger  cavities,  provided  with  numerous  recesses  and  opening 
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to  the  exterior  by  means  of  a  narrow  ostiole  (petiolar  glands  of  N»  bicdlcarata  ; 
glands  occurring  on  the  inner  side  of  the  lid  of  the  pitcher  in  N.  laevis\ 
N.  Lowii  and  N,  PerviUei). 

In  the  axis  (N.  Phyllamphora^  Willd.,  N.  Boschiana,  Korth.)  the  normal 
vascular  ring  is  supplemented  by  numerous  cortical  vascular  bundles,  which 
form  a  special  annular  zone  in  the  primary  cortex.    According  to  Zacharias 


FlO.  165.  Hairy  covering  of  the  Nepenthaceae :  A-B,  External 
elands,  and  d-f.  Clotlunfl:  hairs  of  N.  albomargin^  UAb.  c, 
Trichome  from  the  floral  region  of  JV.  destiUatorta^  L.— Original. 


{N,  PhyUamphora)  10-12  larger,  and  a  con- 
siderable number  of  smaller  leaf -trace  bundles 
pass  into  the  stem  from  each  leaf ;  the  large 
bundles  first  run  for  a  varying  distance  in 
the  primary  cortex,  and  then  enter  the  vascular  ring,  whilst  the 
smaller  bundles  remain  in  the  primary  cortex.  A  transverse 
section  of  the  axis  shows  the  following  differentiation.  The 
jttth,  which  contains  spiral  cells,  elongated  in  the  vertical  direc- 
tion, is  surrounded  by  a  medullary  sheath  of  elongated 
prosenchymatous  or  parenchymatous  elements,  provided  with  slit-like 
pits  and  subdivided  by  delicate  transverse  walls.  Outside  the  medullary 
sheath  lies  the  ring  of  vascular  bundles.  The  pericycle  contains  hard  bast 
accompanied  by  numerous  spiral  cells,  which  are  elongated  in  the  Vertical 
direction ;  adjoining  these  elements  is  the  endodermis.    The  primary  cortex 


'  The  glands  described  above  are  not  present  in  N.  gracilis^  with  which  N,  latvU  is  frequently 
confounded. 
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commences  Mdth  a  zone  of  large  parenchymatous  cells,  amongst  which  short 
spiral  elements  occur ;  the  parenchymatous  ceUs  themselves  sometimes  (N. 
Boschiana)  possess  spiral  thickening,  or  spirally  arranged  sUt-like  pits.  Outside 
the  parenchymatous  zone  is  a  ring  of  mechanical  tissue  exhibiting  the  same 
structure  as  the  medullary  sheath  and  having  the  cortical  vascular  bundles 
embedded  in  it ;  external  to  this  is  a  small-celled  tissue  containing  chlorophyll 
and  including  spiral  cells.  The  development  of  cork  takes  place  inmiediately 
breath  the  endodermis.  In  the  structure  of  the  wood  we  may  mention  that 
the  vessels  attain  a  diameter  of  -07—09  mm.,  and  have  simple  perforations ; 
the  medullary  rays  are  narrow  and  the  wood-prosenchyma  is  provided  wth 
typical  bordered  pits. 

Oxalate  of  lime  occurs  in  the  form  of  clustered  crystals.  In  addition  to 
these,  sphaerocrystalline  masses,  the  nature  of  which  is  not  known,  have  been 
observed  in  alcohol-material  (Zacharias).  Internal  secretory  receptacles  are 
not  present. 

The  hairy  covering,  apart  from  the  digestive  and  honey-elands  described 
above,  is  constituted  by  peltate  glandular  hairs  and  by  clothmg  hairs,  as  my 
own  investigations  proved.  The  former  consist  of  (a)  a  basal  cdU ;  (b)  a  rather 
long  stalk  with  fairly  thick  walls,  and  divided  by  horizontal  septa,  the  upper- 
most tier  being  bicellular  owing  to  the  presence  of  a  vertical  wall ;  and  (c)  a 
deciduous  peltate  head,  which  sometimes  {N,  gracilis,  according  to  Haberlandt) 
has  a  four-rayed  form,  and  is  divided  into  a  number  of  cells  (four  or 
more)  by  variously  orientated  vertical  walls  (Fig.  165,  A-B).  The  clothing 
hairs  are  of  the  following  types  :  i.  simple  uniseriate  trichomes,  which  are  occa- 
sionally (in  the  floral  region  of  N.  destiUataria,  Fi^.  165,  C)  characterized  by  oblique 
transverse  walls  and  lateral  protrusion  of  certam  cdls  of  the  hair ;  2.  trichomes 
of  more  complicated  structure  appearing  to  the  naked  eye  like  tufted  or  stellate 
hairs  (Fig.  165,  D-E)  or  bristles  (Fig.  165,  F) ;  some  of  these  may  be  regarded 
as  derived  from  uniseriate  hairs  of  ssmipodial  structure,  whilst  others  are  com- 
binations of  similar  trichomes  mth  stellate  hairs ;  and  3.  lastly,  stellate  hairs 
with  a  unicellular  stalk  and  several  ray-cells, 

literature :  Wnnschmann,  JVepetttAes,  Diss.,  Berlin,  1873,  46  pp.  (here  and  in  DC.  Prodr.  xyii, 
p.  91  the  older  anatomical  literature^. — Zacharias,  Stamm  d.  Gatt.  Nepemtkei^  Diss.,  Strassbnrg, 


1877,  3a  pp.  and  3  Tab. — Kny  and  Zunmermann,  Spiknlarzellen  von  N^tntkes,  Ber.  deatsch.  h^ 
'"     "    '      "'^  1.— Solereder,  Holzstr.,  1885,  pp.  aai-a.— Hedcel  and  CI  '     "" 

_  >  581 — Goebel,  Biolog.  Schild.,  it  Teil,Iief.  i,  1891, pp.  107 
and'Tab.  sdL — Wnnschmann,  in  NatUrl.  Pflanzenfam.,  iiL  Teil,  Abt.  a,  1891,  pp.  350-7. — ^Mac- 


etc.,  Compt  rend.,  t.  d  a,  1885,  p.  581 — Goebel,  Biolog.  ScUld.,  it  Teil,  Lief,  i,  i89i,pp.  107-10 
andTab.  xxiL — Wnnschmann,  ir  *'    "  ' 
farlane,  Pitchered  plants,  Ann.  < 
H.  Schenck,  Anat  d.  Uanen,  i8< 
Bd.  dy,  Abt.  i,  1895,  p.  97  and ' 


farlane,  Pitchered  plants,  Ann.  of  Bot.,  yol.  yii,  1893,  especially  pp.  430-40  and  pi.  zix-xzi. — 
H.  Schenck,  Anat  d.  Uanen,  1893,  p.  7a.— Haberlandt,  Trop.  Lanbbl.  ii,  SiU.-Ber.  Wiener  Akad., 
Bd.  dy.  Abt.  i,  1805,  p.  97  and  l^b.  iy. 


CYTINACEAE. 

This  Order,  as  is  well  known,  comprises  parasitic  herbaceous  plants,  which 
are  for  the  most  part  leafless,  and  in  other  respects  also  show  considerable 
reduction  of  the  vegetative  organs. 

TWs  reduction  is  most  pronounced  in  the  tribe  Rafflesieae,  where  the  vege- 
tative organs  have  the  form  of  a  thallus,  embedded  in  the  tissues  of  the  host-plant ; 
according  to  Solms-Laubach,  this  structure  is  mycelial  and  devoid  of  vascular 
tissue  in  the  simplest  cases  (Rafflesia^  Brugmansia,  Pilostyles  HaussknecMii, 
Boiss.),  whilst  vascular  bundles  occur  in  the  more  massive  thallus  of  Pilostyles 
aethiopica,  Welw,  and  Cylinus  Hypocystis,  L.  Unlike  the  Rafflesieae  the 
members  of  the  second  tribe,  the  Hydnoreae,  consisting  of  the  two  genera 
Hydnora  and  Prosopanche,  possess  '  rhizoid-shoots.'  The  structure  of  these 
rluzoids  has  been  examined  m  detail  by  Schimper  in  Prosopanche  Burmeisteri, 
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De  Bary,  Hydnora  africana,  Thunb.,  and  Hydnora  abyssinica^  A.  Br. ;  in  the 
first  two  species  the  rhizoids  are  angular  in  cross-section,  in  the  last  species 
the3^  are  cylindrical.  In  all  three  species  the  periphery  of  the  transverse 
section  shows  a  thick  layer  of  cork-cells.  These  surround  a  parenchymatous 
cylinder  containing  the  vascular  bundles ;  the  cells  of  the  parenchyma  are 
filled  with  brown,  tanniniferous,  gelatinous  contents,  which  sometimes  also 
include  starch  and  tetragonal  crystals  of  oxalate  of  lime.  The  tissue 
forming  the  innermost  portion  of  the  rhizoids  consists  of  a  strand  of  elongated 
cells  (pith),  which  in  Prosopanche  are  extremely  long  and  fibrous,  while  in  the 
remaining  genera  they  are  somewhat  elongated  and  prismatic.  The  arrange- 
ment of  the  vascular  bundles  differs  in  the  three  species  investigated.  In 
Hydnora  africana  a  transverse  section  shows  the  usual  ring  of  normally  orientated 
vascular  bundles  (xylem  inwards,  phloem  outwards),  the  ring  having  five 
projections  corresponding  to  the  usually  pentangular  shape  of  the  rhizoid ; 
a  few  vascular  bundles  are  also  found  scattered  in  the  ground-tissue  external 
to  the  rin^.  In  Prosopanche  Burmeisteri^  in  which  the  rhizoids  are  likewise 
4-5  angled,  the  distribution  of  the  vascidar  bimdles  in  the  parenchymatous 
ground-tissue  is  somewhat  modified.  In  this  plant  the  vascular  ring  is  broken 
up  into  {a)  sl  central  zone  of  four  or  five  normally  orientated  vascular  bundles, 
which  are  placed  singly  opposite  the  concave  lateral  surfaces,  and  (b)  four 
or  five  peripheral  grom^  of  bundles ;  each  of  these  groups  Ues  in  one  of  the 
comers  of  the  stem  and  is  composed  of  two  radial  rows  of  bundles ;  the  xylem- 

5 roups  in  the  bundles  of  one  row  are  directed  towards  those  of  the  other, 
n  Hydnora  abyssinica,  finaUy,  a  transverse  section  of  the  rhizoid  shows  several 
rings  of  normally  orientated  vascular  bundles.  Regarding  the  structure  of 
the  vascular  bundles,  I  may  mention  that  distinct  sieve-tubes  and  simple 
perforations  in  the  vessels  have  been  observed  in  Prosopanche,  and  that  the 
bundles  sometimes  show  slight  growth  in  thickness.  We  may  also  note  the 
occurrence  of  peculiar  secretory  receptacles  in  the  rhizoid-shoots  of  Proso- 
panche Burmeisteri ;  Schimper  terms  them  receptacles  of  gelatinous  substance, 
and  De  Bary  found  them  also  in  the  peduncle  of  the  same  plant.  They  form 
cylindrical  strands  of  large,  loosely  connected  cells  with  gelatinous  contents, 
the  strands  sometimes  attaining  a  diameter  of  2  nmi. ;  in  many  cases  the 
more  central  cells  sooner  or  later  become  disorganized,  and  replaced  by  an  inter- 
cellular canal  containing  '  gelatine.'  The  '  gelatine-receptacles  '  are  restricted 
to  the  radii  connecting  the  angles  of  the  stem  (in  transverse  section)  with  the 
centre ;  on  each  of  these  radii  there  are  either  two  or  three  receptacles,  which 
decrease  in  size  centrifugaUy. 

Stomata  appear  not  to  be  present  in  any  member  of  the  Order,  not  even 
on  the  floral  organs.  Glandular  hairs  are  figured  by  Chatin  (Taf.  xcii,  Fi£;.  3) 
on  the  bracts  of  Cytinus  Hypocystis ;  a  glandular  head,  composed  of  three 
or  four  cells  separated  by  vertical  walls,  is  seated  on  a  conical  multicellular 
pedestal. 

latenUnre:  Chatin,  Anat.  comp.,  PL  jparatit.,  pi.  xc  bis-zcii  bis  and  di-cvii  (without  text). — 
De  Bary,  Prosopamhi,  Abh.  natnrf.  Gesellidi.  Halle,  Bd.  z,  1868,  pp.  a4i<6Q  and  a  Tab.— Solms- 
Lanbach,  PUcstyUs  Hausshuchtiiy  Bot  2^it.  1874,  pp.  49  and  65  et  seq.  and  Tab.  i  and  Hanst.  d. 
Locanth.  o.  Thallus  der  Rafflesiac.  etc,  Abh.  natnil.  Gesellsch.  Halle,  Bd.  xiii,  1874,  pp.  359-67 
and  Tab.  xxT-xxyi.~Schimper,  Prosopanchi^  Abh.  natnrf.  Gesellsch.  Halle,  Bd.  xr,  1882,  pp.  a  1-47 
and  Tab.  U-iii.~Solms-Lanbach,  in  Natiirl.  Pflanzenfam.,  Ul  Teil,  Abt  i,  1889,  pp.  375  and  284.— 
Peiice,  Hanstorla,  Ann.  of  Bot,  vol.  vii,  1893,  p.  318  et  seq.  and  pi.  xiv-xy. 
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ARISTOLOCHIACEAE. 

1.  Review  of  the  Anatomical  Features.  This  Order  is  characterized 
by  the  following  featmes :  (a)  the  presence  of  secretory  cells  with  oily 
contents  (Fig.  i6o,  A-C),  probably  occurring  in  aU  the  species,  and  sometimes 
giving  rise  to  transparent  dots  in  the  leaf,  where  they  show  a  tendency 
to  be  restricted  to  the  epidermal  tissue ;  (6)  the  lack  of  a  special  type  of 
stoma ;  and  (c)  the  absence  of  glandular  hairs.  In  the  woody  species 
other  characters  may  be  added,  viz.  the  broad  primary  medullary  rays, 
the  simple  perforations  of  the  vessels,  the  bordered  pitting  of  the  wood-prosen- 
chyma  and  the  absence  of  secondary  hard  bast.  The  development  of  cork, 
as  far  as  it  is  known,  takes  place  superficially ;  in  the  woody  species  the  peri- 
cycle  contains  a  continuous,  or  interrupted,  composite  ring  of  sclerenchyma.  In 
addition  to  the  secretory  cells,  spherical  cells,  nlled  with  brown,  tanninif erous 
contents,  are  present  in  certain  species  of  Aristolochia  and  Holostylis.  Oxalate 
of  lime  is  generaUy  excreted  in  the  form  of  small  prismatic  or  clustered 
crystals,  very  rarely  as  ordinary  large  solitary  crystals.  Groups  of  cells  with 
silicified  walls  (Fig.  i66,  D-G)  are  common  in  Holostylis  and  the  species  of 
Aristolochia,  while  cells  with  siliceous  contents  (Fig.  i66,  H-J)  are  present 
in  all  species  of  Afama  and  Thottea.  The  hairy  covering  consists  of  umseriate 
trichomes  of  vaned  structure ;  in  species  of  Aristolochia,  Holostylis,  Thottea 
and  Apama  these  trichomes  assume  a  special  form,  viz.  bracket-hairs  (Fig. 
i66,  K),  in  which  the  terminal  cell  is  bent  like  a  hook ;  another  special  type 
is  that  of  the  trichomes  of  Saruma,  where  the  terminal  cell  encloses 
fine  crystal-sand  composed  of  oxalate  of  lime.  Anomalous  structure  of  the 
axis  has  only  been  met  with  in  Aristolochia  triangularis,  Cham.  (Fig.  167,  B) 
(splitting  up  of  the  original  vascular  ring,  and  secondary  formation  of  bundles 
of  wood  and  bast  at  the  inner  margin  of  the  resulting  segments).  For  the 
purposes  of  finer  anatomical  diagnosis  the  following  characters  have  special 
systematic  importance :  the  details  of  the  distribution,  or  the  absence 
(Aristolochia,  section  Siphisia)  of  secretory  cells  in  the  leaf ;  the  occurrence  of 
hypodermal  tissue  in  the  leaf  (species  of  Aristolochia  and  Thottea) ;  and  the 
papillose  differentiation  of  the  upper  (species  of  Asarum)  or  lower  (species  of 
Aristolochia  and  Thottea)  epidermis. 

2.  Structure  of  the  Leaf.  This  has  been  thoroughly  investigated*. 
The  leaf  is  generally  bifacial,  but  in  some  cases  the  mesophyU  consists  of  homo- 
geneous muriform  parenchsmia.  Centric  leaf-structure  with  palisade-tissue 
developed  on  both  sides  is  rare  (Aristolochia  auricularia,  Boiss.,  &c.).  The 
stomata  have  no  special  subsidiary  cells,  and  in  the  great  majority  of  species 
occur  only  on  the  lower  surface  of  the  leaf.  In  certain  species  of  Asarum  and 
Aristolochia  and  in  Holostylis  they  are  met  with  on  both  sides  of  the  leaf,  whilst 
in  Apama  and  Thottea  they  have  been  observed  on  the  lower  surface  only. 
It  is  a  noteworthy  fact  that  the  cuticle  is  not  striated  in  any  of  the  Aristolocm- 
aceae,  but  it  frequently  has  a  granular  structure.  Gelatinization  of  the  epidermis 
of  the  leaf  has  not  been  observed.  Development  of  hypoderm  is  rare.  Thottea 
grandiflora,  Rottb.  is  distinguished  from  other  species  of  the  same  genus  by 
possessing  a  hjqjoderm  situated  beneath  the  upper  epidermis  of  the  leaf  and 
composed  of  a  single  layer  of  thick-walled  cells  with  undulated  lateral  walls ; 
hypoderm  is  also  found  on  the  upper  side  of  the  leaf  in  Aristolochia  oblongata, 
Jacq.,  and  less  completely  differentiated  in  A,  sericea,  Benth.  Papillose 
development  of  the  epidermis  of  the  leaf  has  been  demonstrated  in  species  of 
Asarum,  Aristolochia  andThottea.    Inthespeciesofi4sar«w  in  which  this  feature 


See  Soleieder,  in  Engler,  Bot.  Jahrb.  1889,  loc.  dt. 
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is  fotind  (A,  Blumei^  Duch.^ ^4.  canadense,  L.^  A.  Thunbergii^  A.  Br.  and  i4.  vatie- 
^aium,  A.  Br.  et  Bouch.)  the  papillae  occur  on  the  cells  of  the  upper  epidermis ; 
in  the  other  cases  they  are  developed  on  the  lower  epidermal  cells  (ThoUea 
dependenSy  Klotzsch,  T,  grandiflora,  Rottb.,  T.  tricomiSy  Maingay ;  Aristo- 
lochia  aUyidUy  Duch.^  A,  ClematitiSy  L.,  A.  cotUortay  E^e.,  A,  cymbiferay  Mart, 
et  Zucc.9  A,  cynanchifoliUy  Mart,  et  Zucc.»  A.  debilis,  Sieb.  et  Zucc.,  A.  hianSy 
Wind.,  A .  nervosay  Duch.,  A .  ringenSy  Vahl  and  A .  Uhdeanay  Duch.).  In  Aristo- 
lochia  rin^ens  and  certain  other  species  the  formation  of  papillae  is  restricted 
to  the  vems,  and  occurs  especially  where  several  of  the  smaller  veins  meet ; 
in  A,  cofUorta  the  papillae  are  sometimes  very  long,  resembling  hairs,  and  some 
of  them  may  even  become  bicellular  owing  to  the  formation  of  transverse 
walls.  The  vascular  s}^tem  of  the  smaller  veins  is  invariably  embedded ; 
in  many  species  it  is  accompanied  by  varying  amounts  of  sderenchyma,  whilst 
in  other  species  the  sderenchyma  is  entirely  wanting. 

The  secretory  cells  (Fig.  166),  which  in  many  species  give  rise  to  trans- 
parent dots  in  the  leaf,  require  a  more  detailed  description.  They  occur 
not  only  in  the  leaves,  but  also  in  all  the  other  organs,  such  as  stem,  rhizome, 
root,  flower,  fruit  and  seed.  The  secretory  cells  in  the  lamina  of  the  leaf 
have  been  especially  examined.  They  are  found  in  the  lamina  in  nearly  all 
the  members  of  the  Order,  being  absent  only  in  a  few  very  closely  related  spedes 
of  AristolochiUy  bdonging  to  the  section  Siphisia  (namdy  A,  Kaempferiy  Willd., 
A.  platanifoliay  Duch.,  A,  Serpentariay  L.,  A.  SiphOy  L'H&it.  and  A.  tomefh 
iosOy  Sims.).  In  these  spedes,  however,  the  secretory  cells  are  met  with  in 
other  organs  of  the  plant,  so  that  their  general  occurrence  may  be  regarded 
as  a  specially  valuable  and  constant  character  of  the  Order.  The  following 
statements  may  be  made  regartiing  the  distribution  of  the  secretory  cdls  in 
the  tissues  of  the  lamina  in  the  various  genera  of  the  Aristolochiaceae, 
to  which  I  am  able  to  add  the  new  genus  ^arumay  Oliv.  on  the  basis  of  a 
recent  investigation.  There  is  a  generaJ  tendency  in  this  Otder  to  the  devdop- 
ment  of  secretory  cells  in  the  mtegumentaJ  tissue.  In  the  ^enus  Asarum 
they  are  invariably  found  in  the  epidermis,  and  in  certain  speaes  they  occur 
in  tne  mesophyll  as  well ;  the  monotypic  genus  Saruma  possesses  secretory  cells 
in  the  lower  epidermis  and  in  the  mesophyll ;  in  ThoUea  they  occur  only  in  the 
mesophyll ;  in  Apama  in  the  mesophyll — ^in  certain  spedes  in  the  epidermis 
also ;  in  the  genera  Holostylis  and  Aristolochia  exdusively  in  the  integumental 
tissue  :  generally  in  the  epidermis,  rarely  in  the  hypoderm  on  the  upper  side 
of  the  leaf  (A.  oblongatay  Jacq.),  or  as  basal  cells  to  the  uniseriate  hairs  {A. 
sericea,  Benth.,  Fig.  166,  Ay  A.  Griffithiiy  Hook.  f.  et  Th.  and  A.  saccatay  Wall., 
in  all  of  which  independent  secretory  cells  are  wanting).  The  secretory  cells 
occurring  in  the  epidermis  of  the  leaf  are  either  present  on  both  sides  or  only 
on  the  lower  side ;  they  are  never  found  in  the  upper  epidermis  only  ;  their 
varied  mode  of  occurrence  may  be  employed  systematicsdly  in  the  case  of  the 
spedes  of  Asarum  and  Aristotochiay  and  the  same  applies  to  the  distribution 
(referred  to  above)  of  the  secretory  cells  in  both  mesophyll  aitd  epidermis, 
or  in  only  one  of  these  two  tissues.  Tlie  shape  of  the  secretory  cells  is  mostly 
spherical  or  ellipsoidal ;  branched  forms  are  of  rare  occurrence  {Aristolochia 
nervosay  Duch. ).  The  size  of  these  elements  varies,  their  diameter  being  between 
•075  and  '012  mm.  Their  walls  are  usually  suberized.  The  contents  consist 
of  drops  of  a  ydlowish  or  whitish,  or  occasionally  reddish  substance,  and  indude 
ethereal  oil.  They  are  not  of  uniform  chemical  composition  ;  in  i4.  Lindeniana 
Duch.  var.  plagiophyUay  Griseb.  the  contents  of  the  secretory  cells  become 
coloured  indigo-blue  by  Eau  de  Javelle,  this  being  due  to  the  conversion  of 
some  substance  present  in  the  secretion  into  indigo.  The  secretory  cells  in  the 
epidermis  require  special  description,  since  frequently  only  a  small  portion  of 
each  of  these  cells  reaches  the  free  surface  of  the  leaf,  while  they  often  penetrate 
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deeply  into  the  mesophyll  (Fig.  i66,  B) ;  consequently,  if  one  examines  a  trans- 
verse section  of  the  leaf  in  a  superficial  manner,  they  appear  to  belong  to  the 


FlO.  i66.  A,  Hair  of  Aristohehia  urietOy  Benth.  with  a  baaal  secretory  cell.  B,  Secretoiy  cells  in  the  lower 
epidennia  of  the  leaf  of  A,  braehyura^  Dnch.  c,  Transrerse  section  of  leaf  of  A.  irichoitama^  Griseb.  D-P, 
Suicified  groap  of  cells  from  the  leaf  of  A.  iomuntost^  Sims. :  D,  in  section ;  b,  silidfied  ptmp  of  epidermal  cells ; 
F,  groap  of  snoiacent  palisade-cells  in  surface- view,  o,  Silidfied  eroap  of  cells  in  the  mesophyll  oi  A.  acmt^foUa^ 
Dach.  H-^,  Sfliceoos  cells  in  the  leaf  of  Tkott§a  deptnd^n*^  KlotMch :  H,  in  sarface-view ;  j,  in  section.  K, 
^QmsiVxH^aciT  fA  Arisiolockia  tonutUosa^  Sims.— Original. 

mesophyll,  though  this  is  really  not  the  case.    The  small  portion  of  the  epi- 
dermal secretory  cell  which  appears  at  the  surface,  occasionally  lies  at  the 
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bottom  of  a  small  pit-like  depression  in  the  sm^ace  of  the  leaf  (especially  in 
A.trichostama,  Griseb.»  Fig.  160,  C,  and  A.  spathulata^ Duch.).  Not  uncommonly 
the  external  surface  of  the  secretory  cell  exhibits  a  centraUy  placed  dot,  which 
has  been  shown  to  be  due  to  a  smaU,  circular,  thinner  portion  of  the  outer  wall 
(Fig.  166,  B).  The  secretory  cells  of  the  axis  occur  not  only  in  the  epidermis, 
but  also  in  the  pith,  primary  cortex  and  medullary  rays.  Spherical  cells 
filled  with  brown,  tanniniferous  contents  must  not  be  confounded  with  the  secre- 
tory cells  ;  they  are  to  be  found  in  the  neighbomrhood  of  the  veins  in  the  leaves 
of  Aristolochia  GaleoUiiy  Duch.,  A,  passifloraefolia,  A.  Rich.,  A,  veraguensis^ 
Duch.  and  Holostylis  renifarmis^  Duch. 

Groups  of  cells  with  silicified  walls  are  very  widely  distributed  in  this 
Order,  having  been  observed  in  Holostylis  and  in  94  species  of  Aristolochia. 
The  silicification  usually  involves  a  group  of  cells  belonging  to  the  upper  epi- 
dermis of  the  leaf,  and  the  subjacent  cells  of  the  palisade-tissue ;  the  con- 
tiguous walls  of  these  two  layers  are  silicified,  more  or  less  strongly  thickened, 
and  sometimes  stratified  (Fig.  166,  D-F).  Silicified  groups  of  c^  are  of  rarer 
occurrence  (Aristolochia  acutifoHa^  Duch.,  Fig.  166,  G)  in  the  interior  of  the 
leaf ;  they  form  spherical  or  hemispherical  groups,  in  which  those  portions  of 
the  walls  abutting  on  one  another  at  the  centre  as  well  as  the  radial  walls  are 
thickened  and  ^dfied.  The  silicified  groups  of  cells  are  generally  visible 
even  with  a  lens  as  white  or  lustrous  elevations  on  the  upper  surface  of  the  leaf, 
and  resemble  pustules  ;  occasionally  they  give  rise  to  transparent  dots  in  the 
leaf.  Silica  also  occurs  under  another  form  in  this  Order,  viz.  as  plugs 
filling  the  cavities  of  the  cells ;  these  were  present  in  all  species  of  the  genera 
Thottea  and  Apama^  which  I  examined  (Fig.  166,  H-J).  The  siliceous  cells  *  of 
Thottea  and  Apama  are  found  in  the  leaf  for  the  most  part  inmiediately  beneath 
the  upper  and  lower  epidermis,  and  occasionally  in  the  middle  of  the  mesophyll 
as  well ;  in  Thottea  grandifiora^  Rottb.  they  also  occur  in  the  hypoderm.  They 
have  also  been  met  with  in  the  primary  cortex  of  Thottea  grandiflora^  T.  tricornis^ 
Maing.  and  Apama  siliquosa.  Lam.,  either  in  a  subepidermal  position  or  at 
a  greater  depth  in  the  tissue. 

Oxalate  of  lime  is  excreted  chiefly  in  the  form  of  small  prismatic  or  acicular 
crystals,  and  as  clustered  crystals ;  large  ordinary  solitary  crystals  are  very  rare 
(in  the  neighbourhood  of  the  vascular  bundles  of  the  veins  in  Aristolochia 
reticulata,  Nutt.).  In  Asarum,  Saruma,  Thottea,  Holostylis  and  most  of  the 
species  of  Apama  the  small  crystals  only  have  been  observed.  They  are 
commonly  accompanied  by  clustered  crj^tals  of  varied  size  in  the  species  of 
Aristolochia^  and  small  clustered  crystals  are  also  found  in  the  palisade-tissue 
of  Apama  corynibosa  (Griff.). 

Regarding  the  hairy  covering,  two  f eatmres  have  been  sufllciently  indicated 
above  as  important :  the  absence  of  glandular  hairs  and  the  occurrence  of 
bracket-hairs.  The  ordinary  form  of  dothing  hairs  in  this  Order  is  that 
of  simple,  uniseriate  trichomes,  which  exhibit  a  number  of  differences  in  the 
thickness  of  their  walls  and  in  the  number  and  length  of  the  component  cells. 
The  following  forms  of  these  hairs  require  special  mention  :  the  narrow  whip- 
shaped  trichomes  of  certain  Aristolockias  (A.  barbata,  Jacq.,  A.  costaricensis, 
Duch.,  &c.) ;  the  trichomes  found  in  the  species  of  Apama  and  distinguished  by 
having  several  relatively  short  basal  cells  and  a  few  long  terminal  cells ;  and 
the  curious  trichomes  of  Saruma  Henryi,  Oliv.,  which  are  rather  thin-walled, 
and  have  an  elongated  terminal  cell  mth  doubly  refractive,  finely  granular 
contents*.    The  above-mentioned  bracket-hairs  generally  consist  of  a  fairly 

>  In  my  paper  on  the  anatomy  of  the  Aristolochiaceae  theie  cells  were  described  as  secretory  sacs. 

'  As  provea  by  their  chemical  behaviour  towards  acetic,  hydrochloric  and  solphnric  acids,  these 
amtents  include  fine  crystal-sand  composed  of  oxalate  of  lime,  and  this  constitutes  the  donbly  refract- 
ing portion. 
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high,  unicellular,  dome-shaped  pedestal,  which  is  seated  on  the  epidermis, 
a  short  neck-cdO,  and  a  terminal  cell,  bent  like  a  hook,  the  tip  being  in  most 
cases  solid  and  silicified  (Fig.  i66,  K).  When  the  pedestal  is  high,  it  is  generally 
composed  of  a  rather  large  number  of  cells.  In  this  case  it  consists  of  tiers, 
which  are  either  unicellular  throughout  (^4.  eriatUha^  Mart,  et  Zucc.),  or  multi- 
cellular in  the  lower  portion  of  the  pedestal  (A.  pubescens,  Willd.) ;  or  in  other 
cases  there  is  a  double  pedestal  {A.  auricularia^  Boiss.)  consisting  of  a  broad 
base,  the  tiers  of  which  are  multicellular,  surmounted  by  a  long  uniseriate 
pedestal  bearing  the  terminal  cell.  In  the  bracket-hairs  of  certain  species 
of  Aristolochia  {A.  auriculariay  Boiss.,  A,  Chamissonis,  Duch.,  A,  cretica.  Lam., 


PlO.  167.  A,  Trantverae  section  through  the  Tonnir,  and 
B,  throof  h  the  older  and  anomalooi  azia  of  ArisMcfcAta 
triangularis^  Cham.— After  H.  Schenck. 


A,  hirta,  L.,  A.  nervosa^  Duch.)  the  hooked  terminal  cells  are  replaced  by  others 
which  are  pointed,  or  only  show  a  tendency  to  assume  the  shape  of  a  hook 
(*  imdeveloped  bracket-hairs '). 

The  petiole  has  been  investigated  in  A  sarum  canadense  and  in  a  few  A  ristolochias 
by  Petit,  and  in  the9e  cases  three  vascular  bundlespass  into  it.  In  A  sarum  canadense 
they  run  through  the  entire  petiole  ;  in  A  ristolochta,  on  the  other  hand,  their  number 
is  increased  by  branching,  so  that  the  characteristic  resion  exhibits  an  arc  of  a  rela- 
tively large  number  of  approximated  or  isolated  vascular  bundles. 

3.  Structure  of  the  Axis.  The  structure  of  the  axis  is  generaUy  normal 
in  this  Order.  The  broad  primary  medullaxy  rays,  which  are  composed  of 
lignified  or  unlignified  cells,  are  especially  characteristic ;  they  separate  the 
vascular  bundles  from  one  another  in  the  woody  species  of  the  genera  Aristo- 
lochia,  Apama  and  ThoUea,  as  well  as  in  the  rhizome  of  A  sarum.  In  the  woody 
species  of  Aristolochia  they  extend  for  long  distances  through  the  stem»  and 
are  only  traversed  by  strands  of  woody  tissue  at  a  few  points  (Strasburger). 
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In  some  cases  (e.g.  the  woody  Aristolochias),  in  the  course  of  growth  in  thickness, 
broad  secondary  medullary  i^ys  are  successively  developed  in  the  vascular 
bundles  themselves,  occasioning  a  dichotomous  fission  of  the  plates  of  wood  and 
bast  composing  the  vascular  bundles  ;  in  this  way  we  obtam  a  characteristic 
appearance  in  transverse  section,  which  H.  Schenck  has  termed  the  Aristo- 
lodUa-typt,  This  is  specially  distinct  in  yoimg  stems  of  A.  triangtdaris,  Cham. 
(Fig.  167,  A)y  in  which  the  medullary  rays  are  no  narrower  than  the  rays  of 
wood  between  them;  the  same  structure  is  less  typically  differentiated  in 
A.  Sipho,  A.  tomentosa  and  other  species,  in  which  the  wood  has  a  denser 
structure. 

The  pith  conunonly  consists  of  unlignified  cells  in  Arisiolochia,  of  lignified 
cells  in  ThoUea  and  Apama, 

The  following  facts  may  be  mentioned  regarding  the  structure  of  the  wood, 
more  especially  that  of  the  woody  species  of  AristolochiOy  ThoUea  and  Apama. 
The  vessels  attain  a  considerable  diameter  (as  much  as  •14  mm.)  in  the  twining 
species ;  their  perforations  are  simple  throughout  (even  in  Asarum).  The 
wood-parenchyma  is  usually  scantily  developed,  but  is  more  abundant  in 
Apama  sili^uosa.  Lam.  and  ThoUea  grandiflora,  Rottb.,  where  it  occurs  in  rows 
accompanying  the  tracheae.  The  walls  of  the  wood-prosenchyma  bear  large 
bordered  pits  in  Arisiolochia,  small  but  distinct  bordered  pits  in  Apama  and 
ThoUea.  Spiral  thickening  has  been  observed  in  the  narrower  vessels  and  in 
the  prosenchyma  (with  bordered  pits)  of  A.  tomentosa,  L.  In  the  rhizome  of 
Asarum  the  xylem  contains  no  prosenchyma,  and  is  composed  of  unlignified 
parenchjona  and  vessels  only. 

The  first  feature  to  be  described  in  the  structure  of  the  cortex  is  the  origin 
of  the  cork ;  this  is  only  known  in  Arisiolochia,  where  the  cork  arises  super- 
ficially, mostly  in  the  subepidermal  layer  of  cells.  The  cork  of  Arisiolochia  is 
composed  of  alternating  layers  of  thin-waUed  cubical  cork-cells,  and  cells  with 
cellulose  walls.  Asarum  europaeum  develops  no  cork;  the  outer  layers  of  the 
cortex  simply  become  suberized  and  subsequently  peel  off.  Stone-cells  are 
sometimes  found  in  the  primary  cortex.  In  Arisiolochia,  Apama  and  ThoUea 
the  outer  portion  of  the  pericycle  contains  a  closed  or  locally  interrupted  com- 
posite sclerenchymatous  ring,  the  fibrous  cells  of  which  have  rather  wide  Ixmiina, 
and  are  to  some  extent  septate  by  means  of  thin  transverse  walls  ;  the  inner 
parenchymatous  portion  of  the  pericycle  is  often  strongly  developed.  In 
the  rhizomes  of  Arisiolochia  and  Asarum  the  sclerenchymatous  ring  is  replaced 
by  an  endodermis.  The  secondary  bast  never  contains  bast-fibres,  though 
stone-cells  may  be  present.  The  sieve-tubes  often  have  wide  lumina,  and  the 
sieve-plates  are  conmionly  provided  vnth  coarse  pores. 

Anomalous  structure  of  the  axis  is  only  ^  found  in  Arisiolochia  iriangu- 
laris,  Cham.,  according  to  H.  Schenck  (Fig.  167,  B).  It  first  appears  in  stems  of 
this  species  3*5  cm.  in  thickness.  By  secondary  dilatation  of  the  pith  the 
vascular  ring  first  becomes  divided  up  into  eight  fan-shaped  xylem-segments 
corresponding  to  its  eight  component  bundles  ;  '  narrow  secondary  plates  of 
wood  and  bast  are  formed,  spreading  out  like  a  fan,  from  the  sides  of  the 
xylem-segments,  and  extending  round  their  inner  angles,  these  plates  being 
derived  from  a  cambium,  which  appears  in  inmiediate  contact  with  the  original 
s^;ments  of  the  wood.' 

literatwe :  Mohl,  Bau  n.  Winden  d.  Ranken-  a.  Schlingpfl.,  Tubingen,  1837,  |>.  97  and  Tab.  xi. 


^  The  ftem  of  the  plant,  described  as  ^Aristolochia  bUoba  *  by  Schleiden  and  De  Bary,  and  stated 
to  poasess  soooessiTe  rings  of  growth,  is  normal  in  stmctnre  (see  Solereder,  1889).  So  also  is  the 
axis  of  BragatUia  WaUichii  {Apama  siliquosa) ;  the  stem  described  under  this  specific  name  by 
Masters  is  provided  with  successive  rings  of  growth  of  the  Menispermaceous  type,  but  belongs  to 
a  species  of  Gmtum  (see  Solereder,  1894). 
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— Decaisoe,  Lardizabalto,  Arch.  Mns.  d'hist.  nat.,  t.  i,  1839,  P*  ^45^  seq.— Griffith,  in  TVtnsacU 
Linn.  Soc.  of  London,  yol.  xix,  1843,  p.  534. — Lindley,  Y^.  Kingd.,  1846,  p.  79a. — Schleiden^ 
Gmndz.  d  wisi.  Bot,  ii,  1850,  p.  167  and  Fig.  15a. — Dnchaitre,  V^t.  et  stmct.  anat  det  A., 
Compt  rend.,  t  xxxviii,  1854,  p.  ii^a  et  seq. — Vaupcll,  Peripher.  Wachit.  d.  Gefassb^  Ldpdg, 
1855. — ^Masters,  Struct,  affin.  and  distnb.  of  the  genus  Aristolockia  etc,  Jonm.  Linn.  Soc.,  toI.  xiv. 


Soloeder,  Holzstr.,  1885,  pp.  aaa-a.— Douliot,  P^riderme,  Ann.  sc.  nat'.,'  s^r.  7,  t.  x,  1889/pp. 
333-3. — Petit,  Petiole,  Act.  Soc  Linn,  de  Bordeanx,  t  43,  1889,  p.  19  and  pi.  i.— Soloeaer, 
Vergl.  Anat.  d.  A.,  Engler,  Bot  Jahrb.,  Bd.  z,  1889,  pp.  410-534  and  Tab.  xii-xiv  and  in 
Natiirl.  Pflanzenfam.,  iiL  Teil,  Abt.  i,  1889,  p.  366-7.— Planchon,  ^  Arisdloches,  Mootpellier 
(Hamelin  Fr^ret),  1891,  a66  pp. — Strasbm^,  Lettnngsbahnen,  1891,  pp.  356-66. — H.  Scnenck, 
Anat  d.  Lianen,  1893,  pp.  154-5  and  Tab.  viii. — Solereder,  in  BuU.de  THerbier  Boissier,  t  ii,  1894, 
pp.  384-6. — [Bartin,  Stmct.  of  Asarum  canadgnse,  Americ.  Joum.  of  Pharm.  1894  (see  also  the 
pharmacognostic  works  with  regard  to  the  mostly  obsolete  rhizome  and  root  of  species  of  Aristo- 
lochia  and  ^jarMiff).^Schwabach,  Mech.  Ring,  Bot  CentralbL  1898,  iv,  p.  354  et  seq.] 

PIPERACEAE^ 

I.  Review  of  the  Anatomical  Features.  With  the  exception  of  the 
genus  Symbryon,  the  members  of  this  Order  are  distinguished  by  the  possession 
of  secretory  cells,  which  very  conmionly  ^ve  rise  to  a  transparent  dotting  of 
the  leaves ;  besides  these,  lysigenous  mucilage  canals  occur  m  the  pith  of  the 
stem  of  Piper.  The  stomata  are  only  found  on  the  under  side  of  the  leaf,  and 
are  invariably  surrounded  by  a  considerable  number  of  epidermal  cells,  which 
are  sometimes  arranged  in  a  rosette.  Both  scalariform  and  simple  perforations 
have  been  observed  in  the  vessels.  The  wood-prosenchyma,  when  present, 
bears  simple  pits.  Where  formation  of  cork  takes  place  it  is  superficial. 
Four  types  may  be  distinguished  in  the  arrangement  of  the  vascular  bundles 
in  the  stem  (Fig.  169) :  I.  The  Saurureae  (Saururus^  HouUuynia  and  Anemiopsis) 
have  a  normal  ring  of  vascular  bundles.  II.  The  stem  of  VerhuMia  only  contains 
a  single  vascular  strand,  which  is  concentric  in  structure.  III.  The  species 
of  Ptfer  (ind.  Heckeria  and  Macropiper)  have  medullary  vascular  strands 
in  addition  to  a  peripheral  ring  of  bundles ;  the  peripheral  ring  is  characterized 
by  secondary  growth  by  means  of  a  cambium,  and  by  broad  primary  medullary 
rays,  and  is  separated  from  the  pith  by  a  sclerenchymatous  ring ;  the  medullary 
bundles  in  most  cases  only  have  slight  growth  in  thickness,  and  are  arranged 
in  one  or  more  circles.  IV.  In  Peperomia  the  vascular  bundles  are  scattered 
in  the  ground-tissue  and  only  exhibit  slight  growth  in  thickness.  The  hairy 
covering  is  constituted  by  (a)  simple,  uniseriate  hairs;  (6)  small  structures, 
which  are  composed  of  a  limited  number  of  cells  and  resemble  glandular  hairs 
{Saururus,  Peperomia,  Piper) ;  and  (c)  unicellular  pearl-glands  {Piper) ;  a 
dense  hairy  covering  is  not  present  in  most  cases.  Oxalate  of  lime  is  generally 
excreted  in  the  form  of  small  acicular  crystals,  or  of  small,  sometimes  minute, 
sand-like  crystalline  bodies  of  varying  shape,  or  as  clustered  crystals ;  in 
Sytnbryon  clustered  crystals  are  found  in  the  epidermis  of  the  leaf,  whilst 
ordinary  large  solitary  crystals  occur  in  the  mesophyll.  The  following  ana- 
tomical features  are  of  value  for  special  diagnosis  in  this  Order  :  the  occurrence 
of  a  hypoderm  composed  of  a  varjdng  (often  large)  number  of  layers  on  the 
upper  side  of  the  leaf  {Piper,  Saururus,  Anemiopsis,  and  especially  Peperomia) ; 
sjlidfication  of  epidermal  cells  in  the  leaf  (species  of  Piper) ;  papillose  differen- 
tiation of  the  epidermis  of  the  leaf  {Peperomia  marmorata)  \  varjdng  diffe- 
rentiation of  the  pericycle  and  of  the  layer  of  collenchsmia  in  the  primary  cortex 
of  the  stem  in  the  species  of  Piper,  and  so  on. 

^  For  the  genns  Lactoris^  which  is  inclnded  amongst  the  Piperaceae  by  Bentham  and  Hooker, 
see  Lactoridaceae,  p.  39. 
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2.  Structure  of  the  Leaf.  The  leaves  of  the  species  investigated  are 
bifacial  in  structure  in  all  cases.  The  stomata  (Anemiopsis^  Peperomia^  Piper ^ 
Saururus)  are  found  exclusively  on  the  lower  side  of  the  leaf,  and  are  surrounded 
by  several  ordinary  epidermal  cells,  or  by  a  rosette  of  subsidiary  cells  arranged 
according  to  the  Cruciferous  type  (species  of  P»^^  and  P^^oww,  according  to 
Benecke).  Beneath  the  upper  epidermis  of  the  leaf  a  hypoderm  of  one 
or  more  layers  has  been  observed  in  aU  the  species  of  Peperomia  hitherto  in- 
vestigated (by  Treviranus,  Payen,  Pfitzer,  Beinling  and  Haberlandt),  in  Chavica 
maciuata  (Treviranus),  in  ArtatUhe  colubrina^  Miq.  (Payen)  and  also  in  Saururus 
cemuus,  L.,  Piper  Khasianum^  C.  DC.,  P.  Zuccarinii^  C.  DC*  and  Anemiopsis 
califarnica.  Hook,  et  Arn.  (according  to  my  own  observation). 
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Pig.  168.  A,  Transvene  tection  of  the  leaf  of  Aperomia  inca$My  Dietr.  B,  Trantvene  aection  of  the  leaf  of 
P.  ptrttkiatfbiia^  H.B.K.  c-o^  Hydathodet  of  P.  ineana,  B,  Pearl-gland  of  Arianihe  sp.— b  alter  Pfitzer, 
B  alter  Nestler,  the  remainder  original. 

The  hypoderm  of  the  genus  Peperomia  has  been  examined  in  some  detail  by 
Pfitzer.  llie  number  of  component  layers  varies,  and  is  often  very  considerable ; 
in  P.  art  folia,  Mi^.,  the  hypoderm  consists  of  a  single  layer  of  ceUs  ;  in  P.  blanda^ 
H.B.K.,  of  1-3  ;  m  P.  incana,  Dietr.  (Fig.  168,  A)<n  6-7  or  more  ;  in  P.  pereskiae- 
folia,  H.B.K.  (Fi^.  168,  B)  of  14-15  layers.  Owin^  to  the  large  number  of  layers 
and  the  size  (whicn  is  often  considerable)  of  the  cells  m  the  inner  layers,  the  epidermis 
and  the  subjacent  hypoderm  attain  such  dimensions  that  the  two  togetiier  in  P.  incana 
are  thicker  than  the  whole  of  the  remaining  portion  of  the  fleshy  leaf,  whilst  in 
P.  magnoliaefolia,  Dietr.  and  P.  rubella.  Hook,  they  exceed  it  several  times  in  ^ck« 
ness,  in  P.  pereskiaefolia  seven  times.  According  to  Pfltzer,  the  hypoderm  in  Pepe^ 
romia  is  developed  from  a  single-layered  epidermis.  In  some  cases,  viz.  when  cell- 
division  and  growth  take  place  equally  in  the  individual  layers  of  the  entire  integu- 
mental  tissue,  this  mode  of  oriein  can  still  be  recognized  in  the  mature  leaf,  the  cells 
of  the  epidermis  ^md  those  of  tke  hypodermal  layers  being  arranged  in  rows  at  right 
angles  to  the  surface  of  the  leaf  as  seen  in  a  transverse  section  (P.  arifolia).  In 
P.  pereskiaefolia  all  of  the  numerous  hypodermal  cells  coincide  vertically,  whilst  the 


*■  It  may  be  mendoned  here  that  the  conjecture  expressed  in  the  Kew  Index  that  Piper  Zuccarinii 
might  be  a  species  of  Pcthcs  has  become  nntenable  since  the  finding  of  the  type-specimen  in  the 
Herb.  Monac 

Yy 


Digitized  by 


Google 


690  PIPERACEAE 

epidermis  consists  of  smaller  cells  in  consequence  of  secondary  vertical  divisions 
having  taken  place.  In  other  cases  (P.  incana)  this  arrangement  is  no  longer 
reco^^nizable ;  the  outer  portion  of  the  hypoderm  consists  of  cells  with  small  lumina, 
the  inner  of  cells  with  larger  lumina«  The  hypodermal  cells,  in  agreement  with 
thdr  function  as  water-reservoirs,  have  contents  consisting  of  waterv  cell-sap, 
rarely  including  a  few  chlorophyll-grains.  The  cell-walls  are  mostly  thin,  but  m 
P.  incana  they  are  thick  in  the  mner  layers  of  the  hypoderm  ;  they  are  distinctly 
collenchymatous  in  P.  magnoliaefolia. 

In  those  species  in  which  there  is  no  hypoderm,  the  single-layered  epidermis 
of  the  leaf  often  consists  of  large  cells.  The  spongy  tissue  also  takes  part  in 
the  storage  of  water  in  the  Peperamias^  and  consequently  contains  little  chloro- 
phyll. Sclerenchyma  has  been  observed  accompanying  the  vascular  bundles 
of  the  veins  in  the  genus  Symbryan  only.  The  f ollowmg  are  special  features 
in  the  structure  of  the  leaf :  silidfication  of  the  e^dermis  {Piper  colu* 
brinum^  Link,  P.  dongatum^  C.  DC.  and  P.  BeUe^  L.  according  to  Engler, 
P.  hirsutum,  Sw.  and  P.  Hosimannianum^  C.  DC.  according  to  my  own  observa- 
tions) ;  papillose  differentiation  of  the  epidermal  cells  on  both  sides  of  the 
leaf  in  Peperomia  marmoraia  (Beinling) ;  spots  with  a  silvery  sheen  on  the  upper 
side  of  the  leaf  in  Peperomia  *argyracea^  Hort.  Bonn/  (  — ?  P.  argyrea^  Hort.), 
these  being  due,  according  to  Pfitzer,  to  a  similar  cause  to  those  of  the  Begonias^ 
i.e.  to  intercellular  spaces,  which  starting  from  the  palisade-tissue  penetrate 
between  the  inner  cells  of  the  hypoderm  and  extend  to  about  the  midole  of  this 
tissue ;  finaUy,  the  corky  excrescences  on  the  leaves  of  Peperomia  maculosa 
and  P.  obtustfolia  (E.  Bachmann). 

The  hairy  covering  is  dense  in  rare  cases  only.  It  is  composed  of  clothing 
hairs,  small  glands  and  pearl-glands.  The  clothing  hairs  are  uniseriate,  of 
varying  length,  and  have  wide  lumina.  Small  glands  have  been  observed  in 
species  of  Saururus,  Peperomia  (Fig.  168,  C-D)  and  Piper ;  they  consist  of  a 
basal  cell,  belonging  to  the  epidermis,  a  short  stalk-cell,  and  a  hemispheriaail, 
spherical  or  sac-like  terminai  cell,  which  in  the  last  case  frequently  Ues  ui)on 
the  surface  of  the  epidermis.  In  the  trichomes  in  question  either  no  secretion 
at  all  is  produced,  or  only  a  small  amount  is  formed  beneath  the  cuticle  of 
the  temunal  cell.  As  Haberlandt  suggests,  they  probably  in  all  cases  serve  for 
the  excretion  of  water  (as  hydathodes),  or  at  least  for  the  absorption  of  water. 
The  pearl-glands  *  (Fig.  168,  £),  first  observed  by  Meyen  and  subsequently 
examined  more  thoroughly  especially  by  Penzig  and  Nestler,  only  appear 
temporarily  and  under  certain  conditions;  they  often  have  the  form  of 
large  glistening  spherical  bodies  (i  mm.  or  more  in  diameter)  occurring  in 
moderate  numbers  on  all  the  aerial  parts  of  the  plant,  while  they  are  more 
numerous  on  the  stem  and  petiole.  They  consist  of  a  single  large  cell,  the 
narrow  base  of  which  is  inserted  in  the  epidermis.  Owing  to  the  abundance  of 
plastic  nutritive  substances  (proteid  and  fatty  oil)  which  they  contain,  the  readily 
deciduous  pearl-glands  are  regarded  biologically  as  smaU  food-bodies. 

The  usual  form  of  excretion  of  oxalate  of  lime  in  this  Order  {Saururus, 
Peperomia,  Piper  with  Macropiper,  and  Heckeria)  is  constituted  by  small 
acicular  crj^tsus,  sometimes  (P%per  pelUUum,  L.)  resembling  raphides,  and  small 
crystalline  bodies  of  a  different  shape,  sometimes  even  so  nnely  divided  as 
to  be  like  sand.  In  addition  to  these  crystalline  elements,  which  occur  in  aU  parts 
of  the  plant,  and  are  frequently  found  in  extraordinary  abimdance,  clustered 
crystals  are  present  in  the  axis  (pith  and  primary  cortex)  of  Saururus  cernuusy 
L.,  and  in  the  mesophyll  of  the  Peperomias.     The  genus  Symbryon  differs 


^  The  pearl-glands  are  described:  hf  Meyen  in  Piper  spttnum\  by  De  Bary  in  P.  nigrum ^ 
Enckia  glauceseem  and  Artanthe  ehngata\  by  Nestler  in  Artanthi  ^ cordifoHa,*  Miq,  (»  ?i4. 
comifoUa^  Miq.)* 
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from  the  other  members  of  the  Order  m  the  features  presented  by  its  crystals  ; 
the  veins  of  the  leaf  of  S.  idrastachyum,  Griseb.  contam  ordinary  large  solitary 
crystals,  which  have  not  been  observed  elsewhere  in  the  Order,  whilst  both  the 
upper  and  lower  epidermis  include  small  cells  mostly  imited  in  groups,  and 
filled  with  smaU  clustered  crystals. 

Two  kinds  of  internal  secretory  organs  are  foimd  in  the  Piperaceae,  viz. : 
(a)  secretory  cells,  occurring  in  the  leaf  and  axis,  and,  in  the  former,  giving 
rise  to  transparent  or  opaque  dots,  accordinjg  to  the  natmre  of  the  secretion, 
and  (b)  muolage-canals,  which  only  occur  in  the  axis.  The  secretory  cells 
have  been  shown  by  Bokomy  to  occur  in  the  leaf  of  numerous  species  of  Sau- 
rM"ws,  Piper  and  Peperomia,  and  according  to  my  own  observations  they  are 
also  TM'esent  in  the  monotypic  genus  Zippdia  and  in  Anemiopsis  {A.  calif omica^ 
Hook.)  ;  they  are  wanting  in  Symbryon  only  *.  In  the  leaf  the  secretory  cells 
appear  in  the  various  tissues,  e.g.  in  Piper  Hostmannianum,  C.  DC.  and  P. 
htrstdum,  Sw.  in  the  mesophyll  only,  in  Saururus  cemuus^  L.  in  the  mesophyll 
and  in  the  lower  epidermis  of  the  leaf,  in  Anemiopsis  califomica.  Hook,  in  the 
mesophyll  and  in  both  the  upper  and  lower  epidermis.  In  the  axis  they  occur 
in  the  pith,  bast  and  primary  cortex.  The  secretory  cells  mostly  have  a  spherical 
shape.  Their  walls  are  suberized,  and  their  contents  are  generaUy  clear,  more 
rarely  (in  the  *  folia  ni^o-punctata '  of  Peperomia  mdanostigma,  Miq.,  P.  nigra- 
Pundata^  Miq.  and  P.  h$rsuium,  Sw.)  of  a  brown  colour.  There  are  other  elements 
which  must  not  be  confounded  with  these  spherical  brown  cells  which  replace 
the  dear  secretory  cells,  viz.  cells  filled  with  brown  contents  but  not  differing 
from  the  ordinary  cells  of  the  mesophyll  in  shape ;  such  cells  may  be  observed, 
for  example,  in  the  dried  leaf  oi  Piper  cemuwH^  Veil,  and  Saururus  cemuus,  L. ; 
in  the  living  leaf  their  contents  (at  least  in  Saururus)  are  dear  and  strongly 
refractive.  Mucilage-canals  have  only  been  observed  in  spedes  of  Piper 
(Arkmihe  Zacuapana,  'Cham,  et  Schlecht.' =-P^^r  tiliaefmum,  Cham,  et 
Schl.  according  to  Debray,  Piper  fiuminense^  C.  DC.  according  to  H.  Schenck, 
and  P.  Carpunya,  R.  et  P.,  P.  Khasianum,  C.  DC,  P.  nepalense,  Miq.,  P. 
nigrum,  L.  and  P.  Zuccarinii,  CDC.  according  to  my  own  investigation). 
Either  one  or  several  of  them  occur  in  the  pith ;  they  have  Mdde  lumina,  and 
without  doubt  have  a  lysigenous  origin. 

3.  Structure  of  the  Axis.  In  the  structure  of  the  axis,  which  has 
been  examined  especially  by  C  de  CandoUe,  J.  E.  Weiss  and  Debray,  we  may 
distinguish  fom:  typjes,  requiring  separate  description. 

The  first  type  is  found  in  the  genera  Saururus,  HouUuynia  and  Anemiopsis, 
which  are  members  of  the  tribe  Saurureae  ;  in  this  t  vpe  a  normal  ring  of  vascular 
bundles  is  present.  The  bundles  lie  isolated  in  the  parenchymatous  ground- 
tissue  of  tiie  stem,  and  are  as  a  rule  about  equicustant  from  the  centre ; 
but  in  the  case  of  Saururus  those  bimdles  which  are  the  next  to  bend  out 
into  the  leaves,  project  a  Uttle  further  towards  the  exterior  of  the  transverse 
section. 

As  an  example  of  this  type  the  stem-structure  of  Saururus  cemuus,  L.  may  be 
described  in  somewhat  greater  detail.  In  this  plant,  which  grows  in  marshy  locali- 
ties, the  pith,  containing  numerous  rather  large  intercellular  spaces,  is  surrounded 
by  a  ring  of  vascular  bundles  ;  these  bundles  may  be  shortly  described  as  embedded 
in  a  ring  of  sclerendiymatous  fibres.  Thus  each  vascular  bundle  is  surrounded  by 
a  ring  of  sderenchyma,  thicker  on  the  outer  than  on  the  inner  side  of  the  bundle* 
and  uie  outer  parts  of  these  sclerenchymatous  rings  are  connected  with  one  another 
by  narrow  brioges  of  the  same  tissue.  The  xylem  in  the  vascular  bundles  of  Saururus 
consists  of  primary  tracheae,  pitted  vessels  and  lignified  parenchyma ;  the  pitted 


^  Secretory  cells  are  present  in  the  three  species  oi  Piper  (P.  auritum^  H.B.K«v  P.  cemmum^ 
Vdl.  and  P.  Enckea,  C  DC.),  in  which  Bokomy  sUtes  that  they  are  absent. 
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vessels  attain  a  diameter  of  -075  mm.,  and  exhibit  scalariform  perforations  with  many 
bars ;  they  bear  scalariform  bordered  pits  where  they  are  in  contact  with  other 
vessds,  and  relatively  large  simple  pits  m  contact  with  parench3ana.  Certain  por- 
tions of  the  primary  cortex  show  rather  large  intercellular  spaces. 

Verhuellia  belong  to  the  second  type.  Although  it  is  not  aquatic, 
this  genus,  like  certain  dicotyledonous  water-plants,  possesses  only  an  axile 
strand,  sympodial  in  structure  and  consisting  of  weak  and  very  closely  approxi- 


PlG.  169.  A-B,  Pf^gr  CarpumyB^ 
R.  et  P. :  A,  Tranaverae  tection  of  the 
young  stem ;  B,  Portion  of  a  tranaverae 
section  of  the  stem  after  the  oooi- 
of  growth  in  tUcknesa. 
c,  Transverse  section  of  the  f^ng 
stem  of  P,  Jluminemae^  C.  DC.  o, 
Transverse  section  of  the  stem  of  Ft- 
peromia  incana^  Dietr.— c  after  H. 
Schenck,  the  remainder  originaL 


mated  leaf-traces,  which  are  fused  longitudinally.    The  axile  strand  appears 
to  be  concentric,  according;  to  Schmitz's  brief  statements. 

The  third  type  (Fig.  109,  A-B)  is  constituted  by  the  genus  Piper  in  the  wider 
sense,  including  Heckeria  and  Macropiper.  In  this  case  two  kinds  of  vascular 
bundles  are  present.  The  one  kind  forms  a  peripheral  circle,  in  which  the  bundles 
are  distinct  from  one  another  in  the  young  stem  (Fig.  169,  A),  and  are  applied  to 
a  sclerenchymatous  zoiie  limiting  the  pith  extemdly  and  generally  having  an 
hmdulated  'course ;  after  the  commencement  of  activity  of  the  cambial  ring 
(Fig.  169,  B)  these  bundles  grow  in  thickness  and  become  separated  from  one 
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another  by  broad  primary  medullary  rays.  Those  of  the  second  kind  are 
medullary  vascular  bundles,  which  lie  isolated  in  the  pith  and  are  arranged 
more  or  less  distinctly  in  one  or  more  rings ;  as  a  rule  they  only  exhibit 
a  limited  growth  in  thickness  by  means  of  strips  of  cambium  of  the  same 
breadth  as  the  vascular  bundles. 

The  following  statements  regarding  the  detailcKl  structure  of  the  stem 
of  Piper  may  be  quoted  (chiefly  from  J.  E.  Weiss).  Tlie  formation  of  cork  takes 
place  in  the  epidermis  (P.  Carpunya,  R.  et  P.,  Chavica  Roxburghii,  Miq.),  or  in 
the  outermost  cell-layer  of  the  primary  cortex  {Artanthe  *  cordifolia^*  Mic}./ 
Piper  buUatum^  Vahl,  P.  ^emculatum,  Sw.).  The  primary  cortex  contams 
either  a  collenchymatous  nng  or  isolated  bundles  of  coUenchyma.  In  certain 
species  {Piper  buuatum,  P.  geniculatutn^  P.  peltcUum,  L.)  the  coUenchyma  retains 
its  character,  even  in  the  older  branches  ;  in  others  sclerenchymatous  fibres  in 
varying  numbers  develop  in  the  coUenchyma  {Artanthe  comifolia^  Chavica 
Bette,  L.,  C.  Roxburghii,  Piper  Bredemeyeri^  Jacq.),  or  the  whole  of  the  coUen- 
chyroB.  becomes  transformed  into  a  ring  of  sderenchymatous  fibres  (Piper 
Carpunya^  P.  rivinoides^  Kth.),  which  subsequently  becomes  ruptured  in  the 
course  of  growth  in  thickness.  In  the  older  branches  of  Piper  nigrum^  L.  I  found 
isolated  bundles  of  sclerenchyniatous  fibres,  which  were  to  some  extent  united 
by  sclerosed  parenchyma.  The  innermost  portion  of  the  primary  cortex  is 
formed  by  an  endodermis,  which  either  surrounds  the  entire  peripheral  ring 
of  vascular  bundles  {Artafiihe  carnifolia,  Chavica  BeOe^  &c.),  or  is  only  developed 
in  contact  with  the  bast  of  the  bimdles  {Piper  Carpunya .  Towards 
the  pith  the  peripheral  ring  of  bundles  rests  against  the  inner  scleren- 
chymatous sheath  mentioned  above  ;  this  sheath  is  either  entirely  composed 
of  sderendi5nnatous  fibres,  or  is  parench5nnatous  opposite  the  primary  meduUary 
rays ;  it  is  continuous  in  the  young  branch,  but  becomes  spUt  up  into  fragments 
after  the  commencement  of  growth  in  thickness.  Correspondmg  to  this  inner 
sheath  there  is  frequently  a  sclerench)nnatous  layer  at  the  outer  margin  of 
the  groups  of  bast ;  it  is  either  developed  in  the  form  of  senulimar  bundles  of 
fibres  united  into  a  ring  by  groups  of  sclerosed  parenchymatous  ceUs  {Piper 
nigrum)^  or  it  is  represented  by  semUunar  groups  of  hard  bast  alone  {Artanthe 
carnifolia,  Chavica  Betle,  &c.)  or  by  a  few  bast-fibres  {Piper  Carpunya,  &c.), 
whilst  in  Piper  buUatum,  for  example,  it  is  absent.  The  growth  of  the  peripheral 
zone  of  vascular  bundles  takes  place  by  means  of  a  cambial  ring,  which  produces 
primary  meduUary  rays,  10-16  cefls  in  breadth,  between  the  bundles ; 
these  meduUary  ra3rs  traverse  the  intemodes  in  the  form  of  longitudinal 
plates  and  are  composed  of  cells  only  slightly  elongated  in  the  vertical 
direction.  The  xylem-portions  of  the  vascular  bundles,  apart  from  the 
primary  tracheae,  which  are  enclosed  in  thin-waUed  parenchyma,  consist 
chiefly  of  the  foUowing  elements  :  {a)  pitted  vessels,  ha^ong  mostly  simple, 
more  rarely  (according  to  Debray)  also  scalariform  perforations  with  few  bars ; 
(6)  wood-prosenchyma  bearing  simple  pits,  and  sometimes  septate  by  means 
of  thin  tnmsverse  walls  ;  ana  (c)  secondary,  generaUy  broad,  medullary  rays 
(of  the  Aristolochia-iy^).  The  medullary  vascular  bundles  are  embedded 
in  a  thin-waUed  pith  and  are  of  the  nature  of  leaf -traces  ;  they  are  coUateral 
in  structure,  and  their  wood  and  bast  are  generaUy  normaUy  orientated.  They 
are  either  arranged  in  a  single,  more  or  less  regular  ring  {Piper  Bredemeyeri 
Chavica  Betle,  &c.),  or  in  two  {Piper  genicidatum)  or  even  more  rings  (P.  buUatum 
with  about  23  vascular  bundles  in  the  pith).  The  xylem  in  these  bundles 
has  the  same  composition  as  that  of  the  peripheral  bundles  ;  groups  of  scleren- 
chjonatous  fibres  are  frequently  developed  at  the  inner  mai-gin  of  the  xylem 

'  No  doubt  Artanths  cornifoUa,  Miq.  is  the  plant  referred  to.     The  incorrect  name  M.  C9rdi-' 
foHa '  seems  to  be  widely  spread  in  gardens  (d  footnote,  p.  690). 
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and  at  the  outer  margin  of  the  bast.  The  growth  in  thickness  of  these  bandies 
is  often  very  considerable  (especially  in  P.  geniculaium  and  Chavica  frustrata, 
Miq.). 

According  to  H.  Schenck,the  stem-structure  oiPiper  fluminense,  CDC.  deviates 
somewhat  from  that  of  the  other  species  of  the  genus.  The  young  stem  (Fig.  1 59,  C) 
has,  as  its  essential  feature,  two  rings  of  vascular  bundles,  of  which,  curiously  enough, 
the  bundles  composing  the  peripheral  ring  and  resting  against  the  sclerenchyma 
are  very  small,  while  the  bundles  forming  the  medullary  ring  are  much  larger. 
In  the  older  stem  (5  cm.  in  diameter)  the  bundles  of  both  rings  are  found  to  have 
grown  in  l^ckness  individually,  even  the  peripheral  bundles  growing  by  means  of 
cambial  strips,  which  do  not  unite  to  form  a  ring. 

The  genus  Peperomia  belongs  to  the  fourth  type,  in  which  the  vascular 
bundles  are  scattered  in  the  ground-tissue  (Fig.  169,  Z>).  Regarding  the  detailed 
structure  of  the  stem  of  Peperomia,  the  following  statements  may  be  made  on 
the  autiiority  of  J.  E.  Weiss  and  from  my  own  investigation  of  P.  carthagi- 
nensis,  C.  D(5.  The  epidermis  is  simple  (P.  rubella),  or  consists  of  two  layers 
(P.  variegata,  R.  et  P.  &c.).  The  cork  arises  in  the  epidermis  ;  when  the  latter 
consists  of  two  layers,  the  cork  develops  in  the  outer  layer  (P.  carthaginensis, 
P.  variegaia),  Collench5nnatous  tissue  is  very  strongly  developed  at  a  depth 
of  a  few  layers  of  cells  beneath  the  epidermis.  This  is  followed  internally 
by  parenchymatous  ground-tissue,  in  which  the  vascular  bundles  are  embeddea. 
TTie  number  and  mode  of  arrangement  of  the  bundles  varies.  Their  distribu- 
tion is  sometimes  rather  irregular,  in  other  cases  one  can  distinguish  two  or 
more  rings  of  bundles ;  when  two  of  these  are  present,  the  bundles  composing 
tliem  alternate  in  the  transverse  section.  The  bundles  are  generally  collateral 
in  structure,  and  their  wood  and  bast  is  normally  orientated.  They  are  either 
of  equal  size,  or  the  outer  (P.  incana,  Dietr.)  or  inner  bimdles  (P.  brachy- 
phyJla,  Dietr.)  are  the  larger ;  in  P.  verticillata,  Miq.  there  is  a  very  large  central 
vascular  bundle,  which  has  concentric  structure  (with  central  x^em)  and 
may  perhaps  have  arisen  by  the  fusion  of  several  bundles.  The  bundles  are 
commonly  provided  with  an  endodermis,  which  either  surrounds  the  whole 
bundle  (A  obtusifolia,  Dietr.,  &c.)  or  only  forms  a  semicircle  on  the  outer  side 
of  the  bast  (P.  urocarpa,  Fisch.  et  Mey.,  &c.);  in  other  species,  such  as 
P.  amplexifolia,  Dietr.,  &c.,  the  endodermis  is  absent.  There  are  no  scleren- 
chymatous  elements  in  the  vascular  bundles.  The  bast  is  sometimes  collen- 
ch)nnatous  (P.  variegata,  R.  et  P.) ;  the  xylem  consists  of  unlignified  paren* 
chyma  and  vessels.    There  is  only  slight  growth  in  thickness. 

LitentDie:  Trevixanns,  in  Venn.  Schr.  It,  i8ai,  p.  11  and  Phyt.  d.  Gew.  i,  1835,  P*  449* — 
Meyen.  Sekretionsorg.,  1837,  p.  47. — Sanio,  in  Bot  Zeit  1863,  p.  313  and  1864,  p.  37.— C.  de 
Candolle,  M^.  s.  L  (am.  d  P.,  M^m.  Soc  de  phys.  et  d*hist  nat.  Gen^e,  t  zviii,  3, 1806,  33  pp. 
and  6  Tab.  and  in  DC.  Prodr.  xri,  i,  1869,  p.  335  ^  et  ae^. — Pfitzer,  Mehnch.  Epid.  etc.,  Pringsheim 
Jahrb.,  Bd.  yiii,  1871-3,  pp.  36-31  and  TiO).  vL — Schnutz,  FibroTasalsyst.  d.  P.,  Diss.,  1871  and 
VerhtulUa,  Flcm  1873,  p.  408.^!.  £.  Weiss,  Wachstnmsyerh.  etc  d.  P.,  Flora  1876,  p.  331  et  seq. 
and  Tab.  xi-xii.'^De  Barv,  VeigL  Anat..  1877 ;  here  on  p.  360,  footnote  3,  further  older  litem* 
tiixe.^E.  Bachmann,  Korkwnch.,  Prin^psheim  Jahrb.,  Bd.  xii,  1879-81,  p.  203  et  seq. — Beinling, 
Anat  d.  LanbbL  a.  Wnrz.  von  Peperomia^  Cohn,  Beitr.  z.  Biol.,  Bd.  iii,  Heft  i,  1879,  pp.  33-7  and 
Tab.  iv.— Zacharlas,  in  Bot.  Zdt  1879,  p.  634.— Bokomy,  Dnrchs.  P.,  Flora  1883,  p.  365  et  seq. 
and  sep.  copy,  pp.  33-3.— Morot,  Pericyde,  Ann.  sc  nat,  s^.  6,  t  zx,  1885,  p.  368.---Solereder, 
Holzstr.,  1885,  V>p.  333-4. — Debray,  Caract.  anat.  et  parconrs  des  foisc  fibro-vasc  d.  P.,  Paris 
(O.  Doin),  1880,  107  pp.  and  16  pi. ;  abstr.  by  Sanio,  in  Bot.  Centralbl.  1886,  ii,  pi>.  136-60. — 
Solereder,  Sekretz.  bd  ien  P.,  Engler,  Bot  Jahrb.,  Bd.  x,  1887,  pp.  500-11.— Benecke,  in  Bot  Zeit. 
1893,  p.  555  et  seq. — Honlbert,  Bois  sec.  dans  les  Ap^tales,  Th^,  Pans,  1893,  pp.  55-63.— Nestler, 
Perldriisen  von  Arta$Uhe  cmUfoUa^  Miq.,  Oesterr.  bot  Zdtschr.  1893,  pp.  33a  and  386  et  seq.. 
Tab.  xri. — Pen^,  Perldriisen,  Report  of  Congress,  Genoa,  1893,  p.  337  et  seq.  and  Tab.  zr. — 
H.  Schenck,  Anat.  d.  Lianen,  1893,  pp.  43-c  and  Tab.  i. — Engler,  in  Natiirl.  Pflanzenfam.,  iii.  Teil, 
Abt  I  (1894),  pp.  I  and  4-5.— Haberlandt,  Trop.  Lanbbl.  ii,  Sitz.-Ber.  Wiener  Akad.,  Bd.  ciii, 
Abt  i>  i894«  P>  521  et  seq.  and  Tab.  iii.— Virchow,  Blattzahne,  Archiv  d.  Pharm,  1896,  sep.  copy, 
p.  39.— [Jadernolm,  Anat  stud.  ofVer  sydamerik.  Pftperonuer,  IHss.,  Upsala,  1898,  99  pp.,  a  Tablj 


Digitized  by 


Google 


695 

CHLORANTHACEAE. 

This  Order  is  distinguished  anatomically  by  the  following  characters : 
the  possession  of  secretory  cells ;  the  exceptionally  numerous  bars  in  the  per- 
forations of  the  xylem- vessels  ;  normal  stem-structure ;  the  absence  of  a  hairy 
covering  and  the  lack  of  a  special  t3rpe  of  stoma.  The  two  genera  Chhran- 
thus  and  Hedyosmum  (the  third  genus  Ascarina  has  not  been  investigated) 
may  be  distinguished  by  the  pitting  of  the  wood-prosenchyma,  which  is 
typically  bordered  in  Chloranihus^  but  simple  in  Hedyosmum^  as  well  as  by  the 
occurrence  (Hedyosmum)  or  absence  (Chwranthtis)  of  mucilage-canals  at  the 
margin  of  the  pith. 

The  secretory  cells  were  first  observed  by  Blenk,  according  to  whom  they 
frequently  give  rise  to  transparent  dots  in  the  leaf.  Intheleai,  as  far  as  I  am 
aware,  they  are  only  present  in  the  mesophyll,  never  in  the  epidermis.  They 
are  also  found  in  the  cortex  and  pith  of  the  axis.  They  are  spherical  in  shape 
and  have  a  suberized  membrane.  They  have  been  shown  to  occur  in  the  two 
genera  Ckloranthus  and  Hedyosmum  and  wiU  probably  also  be  found  in 
Ascarina,  since  the  plants  of  this  genus  are  described  as  aromatic. 

Secretory  organs  of  a  different  kind,  viz.  the  mucilage-canals  \  referred  to 
above,  occur  only  in  the  species  of  Hedyosmum.  I  have  met  with  these  canals 
at  the  margin  of  the  pith  in  H.  brasiliense.  Mart.,  H.  glabratum^  H.B.K.  and 
H,  racemosum,  Don,  and  in  a  similar  position  in  the  petiole  of  H.  arborescens, 
Sw. ;  they  appear  in  the  form  of  wide  intercellular  spaces,  which  are  elliptical 
in  transverse  section  and  are  apparently  of  schizogenous  origin.  Their  contents 
consist  of  mucilage,  which  in  H.  brasiliense  encloses  sphaerocrystalline  masses ; 
the  latter  are  insoluble  in  hot  water,  alcohol  and  ether,  but  readily  soluble 
in  hydrochloric  acid. 

I  have  examined  the  structure  of  the  leaf  in  Hedyosmum  brasiliense.  Mart., 
H.  arborescens,  Sw.  and  Ckloranthus  brachystachys,  Bl.  In  these  species  it  is 
bifacial,  though  typical  palisade-parenchyma  composed  of  long  cells  does  not 
occur.  The  latter  is  replaced  by  short-celled  arm-palisade  (of  Haberlandt). 
The  spongy  tissue  has  large  intercellular  spaces.  The  stomata  are  only  found 
on  the  lower  side  of  the  leaf,  and  no  definite  t3rpe  of  stoma  is  evident.  But 
in  H.  arborescens  the  neighbouring  cells  are  marked  by  their  arrangement  in  a 
rosette,  and  in  CMoranthus  brachystachys  one  or  two  subsidiary  cdls,  parallel 
to  the  pore,  may  be  seen  here  and  there.  In  H,  arborescens  there  is  a  single 
layer  of  hypoderm  beneath  the  epidermis  on  the  upper  side  of  the  leaf.  The 
vascular  bundles  of  the  veins  are  provided  with  a  sclerenchymatous  sheath. 

The  structure  of  the  wood  has  been  examined  in  Hedyosmum  brasiliense. 
Hart.,  H,  arborescens,  Sw.,  H.  racemosum,  Don,  CMoranthus  brachystachys,  Bl.  and 
C.  officinalis,  Bl.  The  medullary  rays  of  the  wood  are  occasionally  very  broad 
(e.g.  in  H,  brasiliense),  in  other  cases  less  so  ;  their  cells  are  alwa}^  considerably 
elongated  in  the  vertical  direction.  The  diameter  of  the  vessels  is  not  ^eat 
(reaching  -045  mm.) ;  in  branches  of  CMoranthus  brachystachys  from  herbarium- 
material  the  pitted  vessels  are  confined  to  the  neighbourhood  of  the 
primary  wood.  Scalariform  perforations,  with  very  numerous  bars,  are 
highly  characteristic  of  the  Chloranthaceae  ;  in  H.  brasiliense  and  H.  racemosum 
as  many  as  100  bars  may  be  counted  on  the  same  perforation.  In  contact 
with  parenchyma  the  wadls  of  the  vessels  are  furnished  with  bordered  pits. 
The  wood-prosenchyma  bears  typical,  large  bordered  pits  in  CMoranthus,  whilst 
in  Hedyosmum  the  elements  of  this  tissue  have  simple  pits,  and  are  frequently 
provided  with  delicate  transverse  walls. 

In  order  to  be  able  to  add  some  information  regarding  the  structure  of 

^  Bugler's  statement,  that  the  species  of  hedyosmum  are  characterised  by  gelatinization  of  their 
mcdnllaiy  Ussiie,  is  inaccurate. 
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the  cortex,  I  examined  the  latter  in  Chloranthus  brachystachys  and  Hedyosmum 
hrasUiense,  No  formation  of  cork  vras  observed.  In  Chloranthus  brachystachys 
the  outer  limit  of  the  bast  is  formed  by  a  composite  and  continuous  scleren- 
ch}nnatous  ring  composed  of  group  of  bast-fibres  and  of  sclerosed  parenchy- 
matous  cells  with  wide  Itmmia ;  m  H.  brasiliense  isolated  groups  of  scleren- 
diymatous  fibres  alone  occur  in  this  region.  In  this  species  the  outer  portion 
of  the  primary  cortex  is  differentiated  as  typical  collenchyma,  and  the  epidermis 
is  subpapillose. 

The  occurrence  of  silicified  groups  of  cells  in  the  leaf  of  H.  brasiliense 
and  H.  arbcrescens  deserves  special  notice.  The  silicification  involves  a  group 
of  epidermal  cdls  and  the  mesophyll-cells  lying  beneath  them.  Similar  silicified 
cells  have  also  been  observed  in  the  cortex  of  Hedyosmum  brasiliense  in  the  neigh* 
bourhood  of  the  primary  groups  of  hard  bast.  Crystalline  elements  were 
entirely  absent  in  the  leaves  examined.  In  the  pith  and  the  inner  portiou 
of  the  primary  cortical  parenchyma  of  H.  brasiliense  numerous  small  clustered 
crystals  were  observed,  but  nowhere  else. 

literattire:  Mdller,  Holztnat,  Denkschr.  Wiener  Akad.  1876,  pp.  19  and  315. — Blenk,  Dnrdis. 
P.,  Flora  1884,  p.  37a  and  sep.  copy,  p.  84.— Solereder,  Holzstr.,  1885,  pp.  334-5.— Engler,  in 
NatOrl.  Pilanzenfam.,  iii.  Teil,  Abt  i,  p.  12. 

MYRISTICACEAE. 

The  following  anatomical  features  are  characteristic  of  this  Order :  secretory 
cells ;  the  excretion  of  oxalate  of  lime  in  the  form  of  small  acicular  crystals, 
which  are  accompanied  by  clustered  crystals ;  the  absence  of  glandular  hairs  (?), 
and  the  occurrence  of  extremely  characteristic  trichomes,  resembling  stellate 
hairs  and  composed  of  one-  or  two-armed  cells  ;  stomata  with  two  subsidiary 
cdls,  arranged  parallel  to  the  pore  ;  the  tendency  to  the  formation  of  scalarif orm 
perforations  in  the  vessels  ;  the  simple  pitting  of  the  wood-prosench5nna  ;  the 
superficial  formation  of  cork ;  the  occurrence  of  isolated  groups  of  hard  bast 
in  the  pericycle,  and  tiie  devdopment  of  secondary  hard  bast. 

The  secretory  cells,  which  like  those  of  the  preceding  Orders  frequently 
give  rise  to  pellucid  dots  in  the  leaf,  have  been  shown  by  Blenk  to  occur  in  the 
leaf  of  a  large  number  of  species.  They  are,  however,  also  found  in  the  axis, 
beinf  situated  in  the  pith,  bast  and  primary  cortex.  The  secretory  cells  of 
the  leaf  never  occur  in  the  epidermis,  but  are  restricted  to  the  mesophyll ; 
where  they  occur  in  the  palisade-parenchyma,  they  are  mostly  foimd  only  in 
the  inner  layer  of  this  tissue,  though  exceptionally  {Iryanthera  macrophyUa^ 
Warb.)  they  may  lie  immediatel}^  beneath  the  upper  epidermis.  The  secretory 
ceUs  are  spherical  in  shape  ;  their  contents  are  semi-fluid  in  some  cases,  whilst 
they  are  solid,  crystalline  and  doubly  refractive  in  others.  The  colour 
of  me  secretion  may  be  either  yellow  or  reddish,  in  a  few  cases  deep  brown, 
or  almost  black.  In  some  species  the  secretion  had  entirely  or  partially 
disappeared  in  herbarium  material.  When  treated  microchemically,  the  walls 
of  the  secretory  cells  in  the  leaf  of  Myristica  officinalis^  Mart,  show  distinct 
differentiation  into  an  outer  suberized  and  an  inner  cellulose  lamella.  In 
Af.  Horsfieldiif  Bl.  (^Horsfiddia  Iryaghedhi^  Warb.)  and  M.  Vrieseana^  Miq. 
(  —  H.  /ryfl,  Warb.),  according  to  Blenk,  the  membranes  of  the  secretory  cells 
in  the  leaf  are  strongly  thickened  and  gelatinized ;  in  water  they  swell  up  to 
such  an  extent  that  they  appear  to  dissolve,  and  in  this  way  the  resinous  contents 
are  forced  out  of  the  secretory  cells  *. 

^  For  infonnation  regarding  the  secretory  cells  occurring  in  other  parts  of  the  plant  see  Voigt, 
Ban  XL  Entwickl.  d.  Samens  it.  Samemnantels  von  Afyrtstica  fragranst  Diss.,  Gottingen,  1885 ; 
Tsehirch,  Inhaltsst  des  Arillns  von  Myristica  fragranst  Ber.  dentsdu  hot  Gesellsch.  1888,  p.  138 
et  seq.  and  Warburg,  Monogr.,  loc.  dt. 
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In  many  members  of  the  Order,  besides  the  secretory  cells,  there  are 
elongated  sacs  having  brown  or  red  tanniniferons  contents  and  occurring  at  the 
margin  of  the  pith  and  in  the  secondary  bast  of  the  branch,  as  well  as  in  corre* 
sponding  positions  in  the  veins  of  the  leaf  ;  these  elements  are  generally  dis- 
tmguished  from  the  neighbouring  cells  by  having  larger  lumina,  and  they 
recall  the  well-known  tannin-sacs.  In  the  living  plant  their  contents  are 
aqueous  or  bright  yellow,  but  become  red  on  exposure  to  the  air. 

I  have  examined  the  leaf-structure  especially  in  Virola  officinalis,  Warb., 
and  a  few  statements  on  this  subject  have  also  been  made  by  Blenk,  Prantl 
and  Warburg.  In  the  species  just  mentioned  the  leaf  has  bifacial  structure,  and 
the  palisade-tissue  consists  of  several  layers  of  long  cells.  The  epidermal  cells 
on  both  sides  of  the  leaf  have  small  polygonal  outlines.  Hypoderm  is  mentioned 
by  Warburg  as  occurring  on  the  upper  side  of  the  leaf  in  Dialyanthera.  Accord- 
ing to  Blenk,  the  lower  epidermis  of  the  leaf  commonly  exhibits  a  more  or  less 
papillose  differentiation.  According  to  my  own  observations,  distinct  papillae 
are  found  in  Virola  officinalis^  whilst  in  V.  sebifera,  Aubl.  the  lower  epidermal 
cells  are  merely  arched  outwards.  In  V.  officinalis  and  V.  sebifera  the  stomata 
are  confined  to  the  lower  surface  of  the  leaf ;  in  both  species  a  single  subsidiary 
cell  is  placed  parallel  to  the  pore  on  either  side  of  the  pair  of  guard-cells.  In 
V.  officinalis  the  smaller  veins  show  a  tendency  to  be  vertically  transcurrent 
by  means  of  unlignified  tissue ;  no  sclerenchyma  is  developed  in  connexion 
with  them,  and  the  same  applies  to  the  larger  veins.  Warburg  describes 
sclerenchjonatous  fibres,  runmng  irregularly  through  the  mesophyll,  in  the  genus 
Gymnacrantheray  and  branched  spicular  cells,  frequently  of  stellate  form,  in 
species  of  Iryanthera,  especially  /.  macrophyUa,  Warb. 

The  following  statements  regarding  the  structure  of  the  wood  are  based 
on  Warburg's  work  and  on  my  investigation  of  Virola  officinalis  and  7.  sebifera. 
The  medullary  idLys  are  narrow,  being  from  one  to  two  cells  in  breadth.  The 
vessels  are  for  the  most  part  arranged  radially  in  the  transverse  section  of  the 
axis,  and  attain  a  diameter  of  '06— i  mm.  The  perforations  of  the  vessels  are 
chiefly  scalariform  with  i-S  bars,  but,  besides  these,  simple,  elliptical  or 
drcuiar  perforations  are  also  present.  In  contact  with  parenchyma  the  walls 
of  the  vessels  show  all  transitions  from  large  simple  pits  to  bordered  pits. 
The  wood-parenchyma  is  scantily  developed ;  the  wood-prosench3nna  bears 
simple  pits  and  is  locally  septate  by  means  of  delicate  transverse  walls. 

The  structure  of  the  cortex  has  been  examined  by  M611er  in  rather  old 
portions  of  the  bark  of  V.  sebifera,  and  by  me  in  branches  from  herbariimi- 
material  of  V.  officinalis.  The  cork  arises  superficially  in  V.  officinalis,  viz. 
in  the  second  layer  of  the  primary  cortex,  and  includes  ceUs  sclerosed  on  one 
side.  In  the  same  species  the  outer  limit  of  the  bast  is  occupied  by  isolated 
groups  of  primary  bast-fibres.  In  the  inner  portion  of  the  primary  cortex 
there  are  groups  of  lig^iified  cells  corresponding  in  position  to  the  interspaces 
between  the  groups  of  bast-fibres  just  mentioned.  The  occurrence  of  secondary 
hard  bast  is  especially  noteworthy,  and  could  be  determined  even  in  herbarium- 
material  of  V.  officinalis.  In  older  specimens  of  the  cortex  (V.  sebifera)  the 
secondary  groups  of  bast-fibres  combined  with  stone-ceUs  give  rise  to  a  concen- 
tric stratification  of  the  bast.  Moller  states  that  in  the  sieve-tubes  of  V.  sebifera 
the  sieve-plates  are  not  found  on  the  end- walls  of  the  segments,  but  on  their 
longitudinal  walls ;  it  remains  to  be  determined  whether  this  is  the  case  in 
all  the  members  of  this  Order.  Tannin  is  present  in  some  abundance  in  the 
cortex. 

Oxalate  of  lime  is  excreted  chiefly  in  the  form  of  small  acicular  crystals, 
and  these  occur  in  abundance  in  the  cortex  of  the  stem  and  in  the  veins  of 
the  leaf.  In  addition  to  these,  clustered  crs^stals  are  present  in  the  leaf  in 
many  species,  being  mostly  enclosed  in  rather  large  subepidermal  cells. 
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The  hairy  covering  of  the  Mjnisticaceae  (Fig.  170)  is  of  a  very  peculiar 
type,  the  hairs  being  generaUy  described  by  ss^stematists  as  of  the  stellate 
form ;  Warburg  has  recently  made  a  careful  examination  of  them.  Although 
the  various  forms  of  hairs  which  occur  in  the  individual  species,  or  even  on 
the  different  organs  of  the  same  plant,  show  considerable  diversity  when  ex* 
amined  in  detail,  they  may  all  be  regarded  as  modifications  of  a  single  principal 
t3rpe.  To  express  it  shortly,  the  hairs  of  all  the  Myristicaceae  are  uniseriate 
trichomes  sympodially  branched.  They  may  be  classified  in  two  categories, 
which  are  connected  by  transitional  forms.  The  first  of  these  (Fig.  170,  A-C) 
is  represented  by  hairs  consisting  of  cells  of  the  one-armed  form ;  hairs 
of  this  type  origmate  from  a  uniseriate   trichome,  through  the  component 


Fig.  17a  Hairy  covering  of  the  Mjrritticaceae :  A.  Ktuma  HooktrUmOy  Waib. 
(leaf),  B-c  Virola  aii/era,  Aubl.  fleaO  :  B,  Trichome  aeea  from  the  nde ;  c,  teen  from 
above.  d-K,  Diafyamtik^ra  CHoba,  Warb.  (inflorescence):  D,  Trichome  from  the  tide; 
K,  from  above.  F,  MyrisHca  Cookii,  Wartv  Oeaf ) :  trichome  from  above.  O,  MyrUhe^ 
vilhta,  Warb.  (leaf).-After  WarbiurK. 

cells  forming  lateral  protrusions,  like  branches  or  ra)^,  these 
being  produced  at  the  upper  end,  or  more  rarely  at  the 
middle  or  base  of  the  cells.     Various  modifications  of  this 
/  r  »        type  are  brought  about  as  follows :    protrusions  may  be 
yL  formed  by  all  the  cells  of  the   trichome,  or  only  in  the 

^^^  apical  region  of  the  latter,  so  that  the  hairs  may  possess  a 

np^  stalk,  variously  differentiated,  or  may  have  none  ;  again  the 

portions  of  the  ceUs  •  combining  to  form  the  main  *  stem  * 
of  the  trichome  may  be  short  or  long;  and  lastly,  the  protrusions  vary  in 
length  and  show  all  transitions  from  papillose  protuberances  to  ray- 
like processes,  and  the  latter  may  radiate  in  the  most  varied  directions. 
In  this  way  a  series  of  forms  is  obtained,  from  trichomes  resembling  stellate 
hairs  to  those  of  an  abietiform  type.  The  second  category  (Fig.  170, 
D-G)  is  composed  of  trichomes  the  cells  of  which  are  two-armed.  In 
the  simplest  case  we  have  a  true,  simple,  two-armed  hair,  which  is 
unicellular  and  is  mostly  seated  on  a  low  stalk-cell.  More  commonly  one 
finds  a  pair  of  two-armed  trichomes  one  above  the  other ;  in  such  hairs 
the  two  segments  do  not  generally  lie  in  one  vertical  plane,  but  intersect 
one  another  (Fig.  170,  D-E),  Further,  it  is  not  rare  to  find  trichomes,  which, 
apart  from  one  or  a  few  short  basal  cells,  consist  of  a  stiD  larger  number 
(as  many  as  six)  of  two-armed  cells,  all  intersecting  at  various  angles  in  such 
a  manner  that  the  trichomes  have  the  appearance  of  stellate  hairs,  when  seen 
from  above  (Fig.  170,  F).    In  other  cases  the  number  of  two-armed  cells  is 
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much  greater,  and  the  trichomes  appear  like  shaggy  hairs  to  the  naked  eye ; 
in  these  hairs  the  two-armed  cells  aJl  fie  in  the  same  vertical  plane  (Fig.  170, 6  *). 
It  may  be  added  that  Warburg  also  met  with  simple,  imiceUular  hairs  as  an 
exceptional  occurrence.    Glandular  hairs  appear  to  be  absent  •. 

litenitiire :  Moller,  Holzanat,  Denkschr.  Wiener  Akad.  1876,  pp.  69  and  365. — ^MoUer,  Rinden- 
anaL,  1882,  pp.  333-5. — Blenk,  Dnrchs.  P.,  Flora  1884,  p.  373  ana  sep.  copy,  pp.  84-K. — Solereder, 
Holzstr.)  1885,  PP*  a35-6.~-[ThouTenin,  Local,  dn  tannin  dans  les  M.  and  Stnict  des  M.,  BuU.  Soc 
8C  Nancy  i887.J^Prantl,  in  NatiirL  Pflanxen^un.,  iii.  Teil,  Abt.  3,  p.  40.^Warbarg,  Haarbild.  d. 
M^  Ber.  dentsch.  bot  GeseUsch.  1895,  pp.  (78)-(83)  and  Tab.  xxiz ;  in  NatiirL  Pflanzenfam.,  Nachtr. 
XL  Reg.  zn  Teil  ii-iv,  1897,  p.  163;  and  Monogr.  d.  M.,  Nova  Acta,  Halle,  1897. 

MONIMIACEAE. 

1,  Review  of  the  Anatomical  Features.  The  following  characters 
are  those  of  most  value  for  the  anatomical  diagnosis  of  the  Order :  the  presence 
of  secretory  cells,  which  frequently  give  rise  to  transparent  dots  in  the  leaf ; 
the  absence  of  mucilage-cells  and  glandular  hairs  ;  the  occurrence  in  the  vessels 
of  scalariform  perforations,  in  addition  to  which  simple  perforations  may  also 
be  present ;  the  development  of  a  composite  and  continuous  sclerenchymatous 
ring  in  the  pericycle,  including  stone-cells  thickened  in  the  shape  of  a  horse-shoe 
(exceptions :  Conuleum  and  many  species  of  Siparuna) ;  the  excretion  of  oxalate 
of  lime  in  the  form  of  small  acicular  crystals,  or  small  cubical  or  rhombohedral 
crystals,  several  of  which  invariably  occur  together  in  the  same  cell.  With 
reference  to  the  leaf -structure,  it  may  be  added  that  the  leaves  are  bifacial,  that 
hypoderm  is  developed  b^ieath  the  upper  epidermis  in  most  species,  and  that 
the  vascular  bundles  of  the  veins  are  usually  surrounded  by  a  sclerenchymatous 
ring.  The  t3rpe  of  stoma  is  not  uniform,  the  guard-cells  being  either  surrounded 
by  several  epidermal  cells,  or  accompanied  by  subsidiary  cells,  which  lie  parallel 
to  the  pore.  The  prosenchyma  which  forms  the  groundwork  of  the  wood  bears 
either  bordered  or  simple  pits ;  septate  prosenchyma  bearing  simple  pits  has  been 
obsttved  in  all  the  speaes  investigated.  The  medullary  rays  are  strikingly 
broad  in  the  Monimieae,  but  narrow  in  the  Atherospermeae.  The  formation 
of  cork  takes  place  superficially.  The  hairy  covering  consists  of  simple  uni- 
cellular trichomes,  two-armed  unicellular  hairs  {MolUnediay  MaUhaea,  AtherO' 
spenna),  tufted  hairs  {Peumtis^  Siparuna)^  stellate  hairs  (Monimia,  Palmeria^ 
HorUmia^  species  of  Siparuna^  Fig.  171),  and  peltate  hairs  (Conuleum^  species 
of  Monimia  and  Siparuna).  The  following  special  features,  found  in  certain 
sp>ecies  of  Siparuna^  may  also  be  mentionefd :  the  presence  of  tannin-sacs 
with  wide  lumina  in  the  pith  and  bast ;  the  occurrence  of  sclerenchymatous 
fibres  in  the  mesophyll,  and  of  an  epidermis,  two  or  more  layers  thick,  in  the  leaf. 

2.  Structure  of  the  Leaf.  This  has  been  investigated  in  detail  by 
Hobein  *.  In  all  the  species  the  leaf-structure  is  bifacial ;  the  palisade-tissue 
mostly  consists  of  a  single  layer,  rarely  of  two  or  more  layers  of  cells,  which  vary 
in  length,  whilst  the  spongy  tissue  is  loose  and  frequently  characterized  by  the 
presence  of  large  intercellular  spaces.  The  epidermal  cells  on  both  sides  of 
the  leaf  are  generally  small,  and  usually  have  straight  lateral  walls,  strongly 
undulated  walls  having  only  been  observed  in  Doryphora.  Gelatinization  of 
the  epidermis  of  the  leaf  does  not  occur,  but  the  development  of  a  hypoderm 


'  See  also  tab.  40  et  tea.  in  Flor.  brasil.  v,  i. 

'  I  was  naable  to  find  the '  glandular  papillae,  consisting  of  a  short  stalk-cell  and  a  second  cell 
of  only  slightly  greater  size  forming  the  head/  as  mentions  by  Warburg  in  MyrisHca  argenteay 
Warb. 

'  The  following  genera  were  examined :  (a)  Tribe  Monimieae :  Monimia^  Tambmrissa, 
Paimeria,  Mollinedia^  Kibara^  Matthaeay  Hedycarya^  Peumus^  fforionia ;  (b)  Tribe  Atherospermeae: 
Onmlewn^  Siparuna^  Atherosperma^  Doryphora,  Laurelia^  Daphnandra, 
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on  the  upper  side  of  the  leaf  is  a  phenomenon  of  wide  occurrence ;  among  the 
genera  and  species  examined  by  Hobein  hypoderm  is  absent  in  the  foUow- 
mg  cases  only :  Atherosperma,  Daphnandra,  MaUhaea  and  certain  species  of 
Siparuna  ;  according  to  Poisson,  it  is  present  in  Hennecartia.  The  hypoderm 
consists  either  of  a  single  layer  (e.g.  in  MoUinedia)  or  of  several  (e.g.  in 
Monimia  ovalifolia^  P.  Th,).  its  cells  are  usually  larger  than  the  epidermal 
cells  in  surface-view  and  frequently  {Monimia^  Pcdmeriay  MoUinedta^  Tom- 
bourissa)  also  exceed  the  latter  in  height  in  the  transverse  section.  In  some 
cases  the  walls  of  the  hypodermal  cells  are  thin  (e.g.  in  Hedycarya),  but  often 
they  are  strondy  thickened  and  pitted,  and  in  Monimia  ovalifolia  they  are 
ligmfied  as  well.  In  those  species  of  Siparuna  which  have  no  hjrpoderm,  the 
epidermis  on  the  upper  side  of  the  leaf  is  simple  (5.  chiridota,  A.  DC.,  &c.)y  or 
consists  of  two  or  more  layers,  either  throughout  or  only  at  certain  points  (in 
the  majority  of  the  species  of  Siparuna) ;  in  the  latter  case  the  appearance 
of  horizontal  division-walls  in  the  epidermal  cells  is  often  confined  to  the 
neighbourhood  of  the  trichomes.  On  the  lower  side  of  the  leaf  hypoderm  has 
only  been  met  with  in  Laurelia  sempervirens^  Tul.  The  stomata  are  almost 
exclusively  confined  to  the  lower  side  of  the  leaf ;  only  in  species  of  Siparuna 
have  they  been  observed  on  the  upper  side,  where  they  are  restricted  to  the 
neighbourhood  of  the  veins.  The  guard-cells  are  in  most  cases  smrounded 
by  several  ordinary  epidermal  cells ;  Hobein  states  that  in  MoUinedia^  Kibara^ 
MoUhaea  and  Hedycarya  there  are  four  subsidiary  cells,  two  of  which  are 
placed  laterally  with  reference  to  the  guard-cells;  he  describes  two  lateral 
subsidiary  cells  in  Conuleum  also.  The  vascular  systems  of  the  larger  veins 
are  as  a  rule  surrounded  by  a  ring  of  hard  bast.  The  only  exception  is 
found  in  a  few  species  of  Siparuna^  in  which  the  hard  bast  is  absent  or  only 
slightly  developed.  In  S.  moUiconui,  A.  DC.  and  S.  mollis,  A.  DC.  sclerenchy- 
matous  fibres  branch  off  from  the  sclerenchyma  of  the  veins  and  run  freely 
in  the  mesophyll,  sometimes  extending  as  far  as  the  epidermis  of  the  leaf. 

Bokomy  and  Hobein  met  with  secretory  c^ls  in  the  leaf  in  all  the  members 
of  the  Order  investigated,  and  according  to  my  own  observations  they  are  also 
present  in  the  leaf  of  Hennecartia,  The  position  in  which  they  occur  in  the 
leaf  is  generally  the  mesophyll,  and  they  frequently  give  rise  to  transparent 
dots  in  this  tissue.  Besides  occurring  m  the  mesophyll,  however,  they  are 
also  present  in  the  epidermis  of  the  leaf  in  certain  species  of  Tambourissay 
MoUtnedia,  Conuleum  and  Siparuna,  and  in  Daphnandra,  in  the  hypoderm 
in  Palmeria ;  in  Monimia,  on  the  other  hand,  they  are  confined  to  the  h]^x>derm 
and  are  only  present  in  small  numbers.  In  the  axis  the  secretory  cells  are 
found  in  the  pith,  bast  and  primary  cortex,  and  rarely  {Hedycarya  arborea, 
Forst.)  in  the  medullary  rays  of  the  wood.  The  secretory  elements  are  spherical 
in  shape  and  their  contents  are  for  the  most  part  clear,  more  rarely  (species 
of  Siparuna)  coloured  brown  by  tannin ;  their  diameter  varies  from  '02  to 
*o6  mm.  Mucilage-cells  are  not  present  in  the  Monimiaceae,  this  being  a  point 
of  difference  from  the  allied  Laurineae. 

Oxalate  of  lime  is  mostly  present  in  the  leaf  and  axis  in  the  form  of  small 
acicular  crystals,  large  numbers  of  which  occur  together  in  the  same  cell ;  they 
frequently  occupy  tJbe  whole  of  the  mesophyll.  In  the  genera  belonging  to 
the  tribe  Monimieae,  besides  the  crj^talline  elements  just  referred  to,  there  are 
small,  cubical  or  rhombohedral  crystals  (attaining  the  greatest  relative  dimensions 
in  MoUinedia),  several  occturing  in  the  same  ceU ;  these  crystals  are  found  in 
the  neighbourhood  of  the  vascular  bundles  of  the  leaf  and  in  the  medullary 
rays  of  the  axis.  Ordinary  large  solitary  and  clustered  crystals  have  not 
been  observed  in  this  Order. 

The  hairy  covering  consists  of  clothing  hairs  only.  In  most  cases  they 
are  ordinary  unicellular  trichomes,  usually  with  strongly  thickened  walls : 
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in  Kibara  the  subsidiary  cells  of  the  hairs  are  also  considerably  thickened. 
The  unicellular  hairs  of  Doryphora^  Daphnandra  and  Laurelia  show  a  tendency 
to  become  tufted,  two  or  three  of  them  being  frequently  sunk  in  the  epidermis 
side  by  side.  MoUinedia  r&panda,  R.  et  P.  and  M.  trifiora^Tui.  exhibit  transitions 
between  ordinary  unicellular  tnchomes  and  short  two-armed  unicellular  hairs 
with  thick  or  thin  walls,  such  as  occur  in  other  species  of  MoUinedia^  in  Mattkaea 
and  Aiherospertna.  Large  tufted  hairs,  often  seated  on  prominent  elevations 
of  the  leaf-surface,  are  found  in  Peumus  and  Siparuna  ;  their  sclerenchymatous 
cells  are  concrescent  at  the  base  so  as  to  produce  a  foot,  which  is  often  deeply 
sunk  in  the  tissue  of  the  leaf.  Structures  closely  allied  to  the  tufted  hairs  are 
the  stellate  hairs,  in  which  the  ray-cells  are  spread  out  in  a  plane  paraUel  to 
the  surface  of  the  organ ;  these  hairs  have  been  observed  in  certain  species 
of  Siparuna^  in  Monimia^  Palmeria  and  Hortonia.  Peltate  hairs  have  been 
recorded  in  species  of  Monimia^  Siparuna  artd  Contdeum,  and  according  to 
O.  Bachmann  and  Hobein  they  are  distinguished  by  the  fact  that  their  ray- 
cells  have  thin  walls,  are  only  partially  concrescent,  and  do  not  meet  at  the 
centre  of  the  shield,  but  along  a  median  line  (Fig.  171). 

3.  Structure  of  the  Axis.  I  have  examined  the  structure  of  the  wood 
in  Monimia  ovalifolia^  P.  Th.,  MoUinedia  Selloi,  A.  DC,  Hedycarya  arborea, 
Forst.,  Peumus  Boldus,  Mol.,  Atherospefma  moscha- 
tum^  LabiU.,  Doryphora  Sassafras,  Endl.  and  Daph- 
nandra  micrantha,  Benth. ;  Hobein  only  dealt  with 
the  tissue  of  the  medullary  ra}^.  According  to  him 
the  medullary  rays  of  the  wood  are  broad  in  all 
Monimieae,  being  visible  to  the  naked  eye,  or  at 
any  rate  with  a  lens,  while  in  the  Atherospermeae 
they  are  narrow  (from  one  to  three  cells  in  breadth). 
The  diameter  of  the  vessels  is  small  (not  exceeding 
•036  nun.).  The  wall  of  one  vessel  in  contact  with 
that  of  another  sometimes  bears  scalariform 
bordered  pits,  whilst  in  contact  with  parenchyma 
it  generally  has  very  large  eUiptical  simple  pits,  crM^A,D^M^of£!^^S^, 
wim  bordered  pits  as  well.     In  Peumus  Boldus 

a  delicate  spiral  thickening  of  the  wall  is  also  present.  The  perforations  of  the 
vessels  are  generally  exclusively  scalariform,  and  often  (e.g.  in  Aiherospertna) 
have  very  numerous  bars ;  in  Monimia  ovalifolia,  besides  perforations  with 
1-12  bars,  there  are  others  which  are  simple  and  have  an  elongated  elliptical 
outline ;  Peumus  Boldus  has  for  the  most  part  simple  circular  or  elliptical 
perforations,  those  of  the  scalariform  type  occiuring  only  in  the  neighbourhood 
of  the  primary  wood.  The  prosench5nnatous  groundwork  of  the  wood  bears 
simple  pits  in  Monimia,  Hedycarya,  Peumus  and  Daphnandra,  small  and  often 
indistinct  bordered  pits  in  MoUinedia,  and  typical  bordered  pits  in  Atherosperma 
and  Doryphora ;  septate  wood-fibres  with  simple  pits  have  been  observed  in 
all  species. 

According  to  Hobein,  the  most  important  character  of  the  cortex  is  the 
composite  ana  continuous  sclerenchjnnatous  ring  in  the  pericycle.  This  ring 
is  partly  compjosed  (perhaps  in  all  cases,  at  any  rate  in  the  seven  species  in 
wmch  1  examined  the  structure  of  the  wood)  of  hippocrepiform  stone-cells, 
in  which  the  outer  tangential  walls  are  not  sclerosed.  The  sclerotic  ring  is 
wanting  in  Contdeum  and  in  a  large  number  of  species  of  Siparuna,  in  wmch 
only  isolated  groujjs  of  bast-fibres  are  present.  The  development  of  cork 
takes  place  superficially,  in  a  subepidermal  position  in  Sifaruna  limoniodora, 
A.  DC.,  and  beneath  the  hs^derm  in  Peumus  Boldus,  Mol.  and  Monimia 
ovalifolia,  P.  Th.  The  primary  cortex  is  not  strongly  developed,  and  consists, 
in  most  cases,  of  cells  which  have  thin  walls  or  are  slightly  collenchymatous ; 
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in  Laurelia  large  intercellular  spaces  occur  between  the  ceUs.  The  collenchyma 
is  more  strongly  developed  in  species  of  Siparuna.  In  most  of  the  genera 
(except  MaUhaea^  Peumus^  Laurelia  and  Dafhnandta)  sclerosis  of  the  primary 
cortex  sets  in  at  an  early  stage,  and  in  Siparuna  litnoniodora^  A.  DC.  and 
5.  negleda,  A.  DC.  this  leads  to  the  formation  of  a  ring  of  stone-cells.  According 
to  Hobein,  the  secondary  bast  contains  bast-fibres  in  Conuleum,  and  rod-cells 
in  Monimia,  Hedycarya,  Peumus  and  Conuleum ;  Mdller  also  mentions  the  occur- 
rence of  rod-cells  in  thick  pieces  of  the  cortex  of  Atherosperma  moschatum^ 
LabiU.  It  remains  to  mention  the  presence  of  peculiar  tannin-sacs,  which 
correspond  in  every  respect  with  the  well-known  sacs  of  Sambucus  nigra; 
I  have  noticed  these  structures  in  Siparuna  limoniodora^  A.  DC.  and  5.  guia- 
nensis,  Aubl.  at  the  margin  of  the  pith  and  in  the  bast. 

Literature :  Bokomy,  Darchs.  P.,  Flora  1883,  p.  366  et  teq.  and  aep.  copy,  pp.  a3-5.»-MdIler, 
Rindenanat.,  1883,  pp.  99-103.— Solereder,  Holzstr.,  18S5,  PP*  236-7.— P<^t8on,AifiiArarfM,  Paris, 
1885,  6  pp.  and  i  pL — O.  Bachmann,  Schildh.,  Flora  1886,  aep.  copy,  p.  16  and  Tab.  viiL— 
Radlkofer,  in  Sitz.-Ber.  Miinch.  Akad.  1886,  p.  327.— Hobein,  Anat  Charakt.  d.  M.  etc.,  Engler, 
Bot  Jahib.,  Bd.  z,  1888,  pp.  51-73.— Donliot,  Wridenne,  Ann.  tc  nat.,  s^r.  7,  t.  x,  1889,  P-  354*'"" 
Reiche,  in  Engler,  Bot  Janrb.,  Bd.  xxi,  1895,  p.  37  and  Chilen.  HoiigBw.,  Pringsheim  Janrb.,  Bd. 
XXX,  1897,  p.  88.— [Perkins,  Beitr.  z.  K.  d.  M.,  Engler,  Bot.  Jahrb.,  Bd.  xxy,  18^,  Heft  4-5.] 

LAURINEAEi, 

1.  Review  of  the  Anatomical  Features.  The  Laurineae,  like  the  alUed 
Monimiaceae,  are  characterized  by  the  constant  presence  of  oil-cells.  The 
mucilage-cells  which  occur  in  many  genera  of  Laurineae,  though  not  in  all 
the  species  of  these  genera,  constitute  a  very  characteristic  feature  not  found 
in  the  Monimiaceae.  Other  important  characters  are  as  follows :  the  sub- 
sidiary cells  of  the  stomata  are  placed  parallel  to  the  pore  of  the  euard-cells  ; 
the  smaller  veins  of  the  leaf  are  vertically  transcurrent ;  the  medullary  rays 
of  the  wood  are  narrow  ;  there  is  a  tendency  to  the  formation  of  scalariform 
perforations,  which,  however,  never  have  very  numerous  bars ;  in  contact 
with  parenchyma  the  walls  of  the  vessels  bear  bordered  or  simple  pits,  often 
of  large  size  ;  the  wood-prosenchyma  bears  simple  pits  and  is  sometimes  septate ; 
bast-nbres  may  be  rather  abundant,  or  only  present  in  small  numbers  in  the  secon- 
dary bast ;  there  is  a  tendency  to  form  a  composite  and  continuous  sclerenchyma- 
tousnng,  including  stone-ceUs  with  U-shaped  thickening  ;  the  development  of 
cork  is  superficial ;  glandular  hairs  are  absent,  and  simple,  unicellular  hairs 
are  the  only  forms  of  trichome  present ;  oxalate  of  lime  is  secreted  solelyin 
the  form  of  small  crystals,  which  are  fusiform,  acicular,  or  of  other  shapes.  The 
parasitic  genus  Cassytha  likewise  has  secretory  cells,  mucila^e-ceUs  and  small 
acicular  crystals,  but  is  specially  distinguished  by  possessing  a  xylem-ring 
devoid  of  medullary  rays.  Tlie  anatomical  structure  of  the  individual  genera 
and  species  shows  little  diversity.  The  following  special  features  have  come 
under  observation :  development  of  h3TO)derm  beneath  the  upper  epidermis 
of  the  leaf  (species  of  Aydendron,  Beilschmiedia,  Cryptocarya  and  Ravensara) ; 
sclerosis  of  isolated  cells  or  |;roups  of  cells  in  the  palisade-tissue  (in  species  of 
Ocotea) ;  transverse  orientation  of  stomata  on  the  stem  of  Cassytha. 

2.  Structure  of  the  Leaf.  A  detailed  investigation  of  the  leaf-structure 
has  not  vet  been  made.  In  the  few  species  which  I  have  examined  {Laurus 
nMliSf  L.,  Ocotea  opifera.  Mart.,  Litsea  Neesiana,  Hemsley,  Persea  gralissima^ 
Gaertn.  f.)  the  leaf-structure  is  bifacial,  and  the  stomata  are  only  found  on 
the  lower  surface.    It  is  characteristic  of  the  stomata  that  they  are  accompanied 


'  We  will  foUow  the  example  of  Pax  bj  dealing  with  the  jraius  Htmandia  together  with  the 

Snera  Gyrocarpus,  lUigera  and  SparattttntheliMm  (of  the  Gyrocarpeae)  as  a  leparate  Order, 
emandiaccae,  foUowing  the  Laurineae. 
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by  subsidiary  cells— one  on  either  side  and  parallel  to  the  pore  ;  the  subsidiary 
ceUs  are  not  easy  to  recognize  (Litsea  Neesiana^  Persea  gratissima)  when  both 
guard-cells  and  subsidi^uy  cells  are  depressed.  Cassytha  also  (C.  americana^ 
Nces)  possesses  stomata  with  subsidiary  cells  parallel  to  the  pore;  it  is 
noteworthy,  however,  that  the  stomata  both  on  the  stem  and  on  the 
rudimentsury  leaves  lie  transversely  to  the  longitudinal  axis  of  the  organ. 
In  many  members  of  the  Order  the  lower  side  of  the  leaf  has  a  glaucous 
bluish  bloom  due  to  an  excretion  of  wax.  According  to  Pax,  h3rpoderm  is 
formed  on  the  upper  side  of  the  leaf  in  Cryptocaryay  Aydendron,  Ravensara 
and  in  certain  species  of  Beikchniedia.  According  to  Mez,  some  species  of 
Ocotea  (0.  grandifolia,  Mez,  0.  opifera^  Mart.,  0.  Kuntkiana^  Mez  and  0.  Rusbyana, 
Mez)  show  the  following  special  peculiarity:  individual  cells  of  the  palisade- 
tissue  or  small  groups  of  these  cells  are  transformed  into  similarly  elongated 
stone-cells.  These  sclerenchjonatous  elements  are  visible  to  the  naked  eye 
as  distinct  dots  on  the  surface  of  the  leaf.  Mez  further  states  that  in  other 
species  of  the  same  genus  (Ocotea  alnifolia^  Mez,  0.  Bo/o,  H.  B.  K.,  0.  dispersa, 
Mez  and  0.  fundulata^  Mez)  the  surface  of  the  leaf  bears  fine  black  dots,  a  point 
which  requires  reinvestigation  and  explanation  (cork-warts  ?) ;  I  was  unable 
to  obtain  material  for  this  purpose.  The  veins  of  medium  size  are  vertically 
transcurrent  on  both  sides  oy  means  of  more  or  less  differentiated  sclerenchy- 
matous  cells  (both  in  the  species  mentioned  above  and  in  species  of  Phoeoe 
and  Cinnamamum^  according  to  Perrot). 

The  secretory  elements  found  in  the  Laurineae  require  a  more  detailed 
description.  They  are  of  two  kinds,  viz,  (i)  secretory  cells  with  oily 
contents,  and  (2)  mudlage-cells.  Bokomy's  investigations,  supplemented 
by  those  of  Hobein,  have  shown  that  oil-cells  occur  in  the  leaves  of  all  the 
plants  investigated  (species  of  Crypiocarya^  Beilsckmiedia^  Dehaasia^  Aydevr 
dran^  Ajouea,  Endiandra^  Acrodvdidium^  Cinnamomum,  Machilus^  Persea, 
Alseodaphne,  Phoebe,  Ocotea,  MespUodaphne,  DicypeUium,  Nectandra,  Sassafras, 
AcHnodaphne,  Dodecadenia,  Litsea,  Lindera,  Lauras ;  and  according  to  recent 
observations  of  my  own  in  Umbellularia  also).  These  secretory  cells  are  moreover 
present  in  the  parasitic  genus  Cassytha  (C.  americana,  Nees),  where  Hackenberg 
and  I  observed  them  in  tne  pith  and  leaf-tissue  respectively.  The  secretory  cells, 
like  the  mucilage-cells  to  be  described  below,  frequently  give  rise  to  trans- 
parent dots  in  the  leaf  ;  they  are  found  both  in  the  palisade  and  spongy  tissue, 
and  in  rare  cases  {UmbeUularia  calif omica,  Nutt.)  in  the  lower  epidermis  also. 
They  are  generally  spherical  in  shape ;  those  situated  in  the  palisade  form 
the  only  exceptions,  since  they  appear  as  enlarged  sac-like  cells  of  this  tissue. 
The  walls  of  the  secretory  ceUs  are  suberized,  and  their  contents  are  homo- 
geneous and  in  most  cases  yellowish.  In  every  case,  by  suitable  treatment  of  the 
sections,  the  presence  of  the  wall  of  the  secretory  cell  can  be  demonstrated ; 
the  resin-lacunae,  stated  by  Chatin  to  occur  in  the  Laurineae,  do  not  exist. 
In  the  epidermal  secretory  cells  of  UmbeUularia,  the  whole  of  the  outer 
wall  does  not  reach  the  extemsd  surface,  but  only  a  circular  portion,  and  at 
the  centre  of  the  latter  there  is  a  small  dot-like  area  of  thinner  cell-wall. 
In  the  branch  the  secretory  ceUs  are  found  in  the  pith  and  cortex,  and 
also  in  the  medullary  rays  and  the  parenchyma  of  the  wood.  In  the  pith 
and  primary  cortex  they  are  approximately  isodiametric,  while  those  in  the 
bast  are  elongated  in  the  vertical  direction.  The  occurrence  of  these  secretory 
cells  in  the  wood  of  the  root  in  Sassafras  has  long  been  known,  and  on  this 
depends  the  medicinal  use  of  this  part  of  the  plant.  According  to  Hohnel, 
Felix  and  Knoblauch,  however,  the  secretory  cells  are  also  present  in  the  wood 
of  the  stem  in  many  members  of  the  Order  \    Knoblauch  met  with  them  in 

^  Felix  alio  met  with  them  in  fossil  wood,  belonging  to  members  of  the  Laurineae. 
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the  medullary  rays  or  parenchyma  of  the  wood  in  the  stem  of  species  of  the 
genera  Cryptocarya^  Beilschmiedia  (Hufelandia\  Aydendron,  Acrodididium^ 
Cinnamomum^  Persea^  Oreodaphne,  DicypeUium^  Nedandra,  Sassafras^ 
LUseUy  UnibMidaria  and  Laurus.  I  may  add  that  occasionally  the  secre- 
tory cells  may  even  be  observed  in  the  medullary  rays  of  the  wood  in 
branches  from  herbarium-material  (e.g.  in  Nectandra  angustifolia^  Nees  et 
Mart.).  Secretory  elements  of  the  second  kind,  i.e.  the  mucilage-cells,  are 
not  so  widely  distributed  as  the  oil-cells,  for  they  only  occur  in  certain 
species  of  certain  genera.  Bokomy  met  with  them  in  the  leaf  in  species 
of  the  genera  Beilschmiedia^  Dehaasia^  Aydendron,  Machilus,  Persea^  Alseo* 
daphne^  Phoebe^  Ocotea,  MespUodaphne,  Nectandra^  Sassafras,  ActinodaphnCy 
Litsea  and  Lindera,  whilst  Kadlkofer  found  them  in  Acrodididium ;  ac- 
cording to  Hallier  and  my  own  observations,  they  also  occur  in  the  leaves  of 
CassyUM  americana.  With  the  exception  of  this  last  species,  in  which  the 
entire  mesoj>hyll  abounds  in  mucila^e-cells  with  wide  lumina,  these  cells  generally 
occur  only  in  the  palisade-tissue  m  the  leaf.  In  the  axis  the  mucilage-cells 
are  invariably  (?)  present  in  the  form  of  cells,  elongated  in  the  vertical  direction  ; 
they  occur  chiefly  in  the  bast  (e.g.  in  cinnamon-barks,  in  LUsca  NeesianOj 
Hemsley  and  Persea  graiissima,  Gaertn.  f.),  more  rarely  in  the  primary  cortex 
also  *  (e.g.  in  Cassytha  americana,  Nees,  where  they  were  observed  by  Hacken- 
berg,  but  incorrectly  interpreted,  and  in  Persea  grahssima).  The  mualage-cells 
in  most  cases  show  distinct  stratification  of  tiie  mucilage  and  a  very  small 
lumen ;  hence  it  may  be  concluded  that  the  mucilage  arises  by  metamorphosis 
of  the  cell-wall.  Before  leaving  the  subject  of  the  secretory  organs  we  may 
point  out  that  Hdhnel's  statement  as  to  the  occurrence  of  resin-canals  in  the 
medullary  rays  of  the  wood  in  a  species  of  Oreodaphne  (Laurier  de  MontEtfp[ie 
from  Martinique)  is  without  doubt  incorrect ;  and  the  same  is  to  be  said  of 
putt's  statement  regarding  the  occurrence  of  oil-canals  in  the  petiole. 

Oxalate  of  lime  occurs  chiefly  in  the  form  of  small  acicular  or  spindle-shaped 
OTStals ;  crystals  of  somewhat  larger  size  are  rare,  being  found  in  the  neigh- 
bourhood of  the  vascular  bundles  (e.g.  in  the  cortex  of  the  branch  of  Endianara 
virens,  F.  v.  MiiU.,  in  the  cells  of  the  sclerenchyma-ring,  which  exhibit  U-shaped 
thickenings).  The  o^stals  first  mentioned  occur  both  in  the  leaf  and  axis, 
several  being  invariably  found  in  the  same  cell.  Clustered  and  ordiriary 
large  solitary  crystals  are  entirely  absent.  Perrot,  it  is  true,  mentions 
the  occurrence  of  clustered  crystals  in  the  primary  cortex  of  Nectandra 
angusHfoUa ;  his  material,  however,  as  shown  by  reinvestigation  of  the  same 
species,  was  incorrectly  determined,  and  does  not  belong  to  any  member  of 
the  Laurineae. 

The  hairy  covering  is  very  uniform.  Glandular  hairs  are  not  present,  nor 
are  there  any  special  forms  of  trichomes.  All  the  hairs  foimd  in  the  Laurineae 
are  simple  and  unicellular,  and  are  often  sclerenchymatous. 

According  to  Plitt's  investigations  the  fibro- vascular  system  of  the  petiole 
consists  of  an  arc  of  vascular  bundles  (in  species  of  Cinnamomum,  Cryptocarya, 
Laurus,  Persea  and  Tdranihera). 

3,  Structure  of  the  Axis.  The  Laurineae  on  the  whole  also  show  uni- 
form features  in  the  structure  of  the  axis.  The  genus  Cassytha  alone  constitutes 
an  exception,  and  may  therefore  be  described  separately  in  the  following 
paragraph. 

In  Cassytha  americana,  Nees  the  j^th  consists  of  lignified,  but  thin-walled  cells ; 
it  is  surrounded  by  a  xylem-ring,  which  shows  two  characteristic  features  :  firstly. 


'  Hdhnel  alio  obierved  spindle-shaped  mucilage-cells  in  a  wood,  Ubtd  in  Sontbern  China  for 
the  preparation  of  an  adhesive  gum  under  the  name  of  Pan-Fa,  and  said  to  belong  to  the  Laurineae ; 
the  mucUage-cellfl  in  this  case  are  found  either  singly  or  in  groups. 
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the  absence  of  medullary  ra3rs,  and,  secondly,  the  presence  of  sUght  ridges  alternating 
with  farrows  at  the  periphery  of  the  xylem,  the  bundles  of  soft  bast  of  the  vascular 
ring  being  inserted  in  tne  furrows.  Tlie  inner  portion  of  the  xylem-ring,  with  the 
exception  of  the  small  primary  groups  of  tracheae,  consists  of  vessels  with  very  wide 
Inmina  (diameter  »  •12  mm.  or  more)  and  of  wood-parenchyma,  wtdlst  the  peripheral 
portion  is  dense,  and  is  composed  of  vessels  with  very  small  lumina,  wood-prosen- 
chyma  and  wood-parenchyma.  The  vessels  of  Cassytha  have  simple  perforations 
throughout ;  their  walls  are  provided  with  very  large,  circular,  bordered  pits.  The 
wood-prosenchvma  bears  simple  pits.  In  the  pericycle  one  finds  isolated  groups  of 
bast-fibres  with  white  walls.  Externally  this  is  followed  by  the  primary  cortex 
ccmtaining  chlorophyll  \  mucilage-cells  and  abundant  small  acicular  crys&ds,  and 
bounded  by  the  epidermis,  which  has  transversely  placed  stomata,  already  described 
above*.  i^ 

.  The  features  of  the  axis  common  to  the  other  members  of  the  Order  have 
been  summarized  above  in  the  general  review  of  the  anatomical  characters. 

The  structure  of  the  wood  has  been  examined  chiefly  by  Knoblauch,  who 
had  abundant  material  ^ 

The  vessels  have  lumina  of  medium  size  (maximum  diameter  =  -03  — 
•075  nmi.),  usually  fairly  constant  throughout  the  same  annual  ring.  Sassafras 
alone  is  distinguished  by  the  fact  that  the  vessek  of  the  spring- wood  have  very 
wide  lumina,  while  those  of  the  autumn- wood  have  narrow  lumina.  In  most 
of  the  species  the  perforations  of  the  vessels  are  both  simple  and  scalariform. 
Scalariform  perforations  occurring  alone  were  observed  by  Knoblauch  in  Hufe- 
landia  pendula^  Nees,  but  in  no  other  cases.  The  scaJariform  perforations 
mostly  have  few  bars,  the  largest  number  observed  being  seventeen  (in  Crypto- 
carya  WighHana^  Thw.).  Knoblauch  also  mentions  a  number  of  cases  in 
which  he  observed  simple  perforations  only  (species  of  Beilschmiedia^  Acrodu 
didium^  Oreodaphne  pro  parte,  DicypeUium^  Nedandra^  AcHnodaphne,  LUsea 
pro  parte,  UmbeUularta,  Laurus  pro  parte).  Further  investigation  is  necessary 
to  determine  whether  scalariform  perforations  do  not  really  occur  in  these 
species  in  the  neighbourhood  of  the  primary  wood,  as  is  to  be  expected 
from  analogy  (e.g.  with  Endiandra  virens,  F.  v.  Miill.,  which  I  investigated). 
The  structure  of  the  wall  of  the  vessel  in  contact  with  parenchyma  of  the 
medullary  rays  is  very  characteristic.  It  shows  bordered  pits  with  transitions 
to  simple  pits ;  the  sunple  pits  are  sometimes  large  and  eUiptically  elongated, 
a  group  of  them  reminding  one  of  a  scalariform  perforation.  Spural  stnation 
of  the  walls  of  the  vessels  is  mentioned  by  J.  Mdller  as  occumng  in  species 
of  Tetranihera  and  Camphora.  The  medullary  rays  of  the  wood  are  mostly  1-3, 
rardy  as  much  as  five  cells  in  breadth,  and  the  ray-cells  vary  in  height.  The 
wood-parench)mia  may  be  little  developed  or  fairly  abundant.  Tangential 
bands  of  wood-parenchvma  are  stateo  by  Knoblauch  to  occur  in  BM- 
sckmiedia  Roxbur^hianay  Nees,  Actinodaphne  degans^  Thw.  and  LUsea  deatbaia^ 
Nees,  and  by  Reiche  in  Cryptocarya  Peumus^  Nees.  The  wood-prosenchyma 
has  walls  of  varying  thickness  ;  in  the  young  parts  of  the  wood  the  gelatinous 
layer  is  occasionidly  differentiated  (e.g.  in  Persea  indica,  Spreng.  or  Oreodaphne 
buUaUi,  Nees).  The  pits  of  the  wood-prosenchyma  are  simple ;  the  lumina  are 
septate  by  means  of  delicate  transverse  walls  in  species  of  Beikchmiedia,  Ayden- 


^  Thus  Cassytha  is  not  deroid  of  chlorophyll,  as  stated  in  many  works  (Kemer,  Pflanzenleben, 
h  P>  I5S>  &C.)*    For  details  see  Hackenberg,  loc  dt 

*  Anatomical  investigation  affords  an  easy  means  of  distingoishing  Cassytha  from  Cuscuta,  which 
tt  similar  in  haUt;  in  Cassytha  alone  a  pith  is  present,  and  a  mass  of  wood  showing  a  sligfaUy  stel- 
late transverse  section. 

'  Knoblandk  investigated  the  wood  in  the  stem  of  thirty-three  species  of  the  foUowing  genera : 
Cryptocanya^  Biilschmieaa  (incL  liufelandsa)^  Aydendran^  Acrodicltdium^  CinmammnumJifaehilHS, 
Persiay  Oreodaphm^  DkypelUum,  mctastdra^  Sassafras,  Actinodaphne^  Litstay  TitratUhtra^  UmbtU 
hiUariOy  Lindera  and  Ixmrus, 
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dron,  Acrodiclidium,  Cinnamomum^  Machilus,  Persea^  Oreodaphne^  DkypeUium^ 
Nectandra,  Sassafras^  Litsea  and  UmbeUtdaria, 

The  structure  of  the  pith  has  been  examined  in  detail  only  in  the  case  of 
Cinnamomum  zeylanicum  by  Mentovich.  The  pith  in  this  plant  is  hetero- 
geneous.  It  is  differentiated  into  a  peripheral  portion,  composed  of  small 
active  cells  with  thick  walls,  and  a  central  portion  consisting  of  empty  cells 
with  thin  walls. 

The  development  of  cork  takes  place  at  a  relativelv  late  stage.  The  cork 
arises  superficially,  either  in  the  epidermis,  which  usually  has  a  thick  outer  wall 
{Laurus  nobilis^  L.  and  Cinnamomum  dulce^  Nees,  according  to  Mdller),  or  in  the 
outermost  cell-layer  of  the  primary  cortex  (Tetranthera  iaponica,Spxeng.,  accord- 
ing to  J.  £.  Weiss).  According  to  Mdller,  the  cells  of  the  cork  either  have 
thm  walls  (species  of  Persea,  Lttsea^  Sassafras)^  or  the  inner  tanraitial  walls 
are  sclerosed  (si>ecies  of  Cinnamomum,  DicypeUium,  Oreodaphne,  idranihera}^ 
In  Tetranthera  japonica,  according  to  Weiss,  sclerosed  cork-cells  with  strongly 
thickened  outer  walls  alternate  with  thin-walled  cells,  which  are  elongated  in  the 
radial  direction  and  apparently  not  suberized.  Stone-cells  sometimes  appear 
in  the  primary  cortex  of  older  branches.  The  structure  of  the  pericycle  is  very 
characteristic.  The  isolated  groups  of  primary  bast-fibres  are  united  to  form 
a  closed  or  only  locally  interrupt^  sderenchymatous  ring  by  means  of  stone- 
c^s ;  some  of  the  latter  have  thin  outer  tangential  walls,  but  sclerosed  inner 
tangential  and  radial  walls,  so  that  they  exhibit  U-shaped  thickenings  in  trans- 
verse sections  of  the  branch.  A  pericycUc  rinjg  of  this  kind  has  been  observed 
bjr  Mdller  in  species  of  Cryptocarya,  neilschmtedia,  Endlicheria,  Acrodididium, 
Cinnamomum^  Persea^  Phoebe,  Ocotea,  Agathophyllum,  Dicypellium,  Nedandra^ 
Sassafras,  Litsea,  Lindera  and  Laurus ;  also  by  PenotinDaphnidium,  and  by 
me  in  Nectandra  angustifolia,  Nees  et  Mart,  (contrary  to  the  statement  ma(fe 
by  Perrot,  whose  material  certainly  did  not  belong  to  any  member  of  the 
Laurineae)  and  Endiandra  virens,  F.  v.  Mull.  The  secondary  bast  in  most  cases 
contains  spindle-shaped  fibres  of  rounded  Quadrangular  section,  and  having 
narrow  lumina ;  these  fibres  rarely  {Acrodiclidium,  BeUschmiedia,  Ocotea)  appear 
in  large  numbers,  forming  bundles;  usually  there  are  only  few  present. 
Stone-^ells  sometimes  accompany  the  fibres,  some  of  them  being  thickened  on 
one  side  only,  like  those  of  the  pericycle ;  the  stone  ceUs  are  developed  in  ex- 
ceptional abundance  in  the  older  cortex  of  certain  species  (species  of  Crypto- 
carya  and  Tetranthera). 

Literature :  Chatin,  Anat.  comp.  des  T^g^tanx,  pi.  iv-y  and  Gland.  foL,  Ann.  tc.  nat,  s^.  6, 
t.  il,  1875,  pp.  214-16  and  pi.  15. — Mollcr,HoUanat,Denk8chr.  Wiener  Akad.  1876,  pp.  36-9  and 
33a  et  leq.— Zachariaa,  in  Bot  Zeit  1879,  p.  6a6. — Hohnel,  Sekredonsoig.,  Sitz.-Ber.  Wiener  Akad.» 
Bd.  Ixxxiv,  Abt  i,  1881,  p.  fglS. — Bokomj,  Dnrchs.  P.»  Flora  i88a,  p.  359  et  tea.  and  aep.  copy, 
pp.  16-aa. — Hdhnel,  Gefasst  Hoker  mit  Harzg.,  Bot.  Zeit  i88a,  pp.  165-6. — Moller,  Rindenanat^ 


i88a,  pp.  ioj-i3.^Felix,  Fosaile  Hoher,  Zeitichr.  dentich.  geol.  Gesellsdi.,  Bd.  xzzv,  1883,  p.  6a 
and  Holzopale,  Mitt  Jabrb.  ung.  geol.  Anst,  Bd.  vii,  1883,  pp.  a  7 -8 — Mentovich,  Mark,  Klaoaen- 
bnrg,  1885 »  »b»tr.  in  Just  1885,  i,  p.  787.— Solereder,  Holxstr.,  1885,  p.  aa7.— Plitt,  Blattitie], 


Diss.,  Marbuig,  1886,  pp.  35-6.— Radlkofer,  Doicbs.  P.,  Sitz.-Ber.  Miinch.  Akad.  1886,  p.  3a7.^— 
Knoblancb,  Anat  d.  Hokes  d.  L.,  Flora  1888,  pp.  339-400  and  Tab.  vii. — Hobein,  Anat  Cnarakt 
d.  L.,  Engler,  Bot.  Jabrb.,  Bd.  z,  1889,  p.  74. — Hackenberg,  Cassytha  americama,  Verli.  natnriiitt 


Ver.  d.  prenss.  Rbeinlande  etc  1889,  pp.  98-138. — Mez,  jL  americ,  Jabrb.  Berliner  Gart,  Bd.  ▼, 

1889,  sep.  copy,  pp.  499-500^— Lalanne,  Fenilles  persist.  Act  Soc  Linn,  de  Bordeaux,  s^r.  5,  t  iv, 

1890,  p.  66  and  pL  !▼•— J*  £•  Weiss,  Korkbild.,  Denkschr.  Regensb.  bot.  Gesellsch.  1890,  sep.  copy, 
p.  55.— Pax,  in  Natiirl.  Pflanzenfam.,  iii.  Teil,  Abt.  a,  1801,  pp.  io6-7.-^Perrot,  it  hist,  des  ll, 
Thtee,  Lons-le-Sannier,  1801,  6a  pp.— H.  Hallier,  Glied.  d.  Convolv.,  Engler,  Bot.  Jabrb.,  Bd.  xvi, 
1893,  p.  540.— Reiche,  Cbilen.  Holzpfl.,  Prineshdm  Jabrb.,  Bd.  xxx,  1897,  p.  86  et  seq.— J.  Mdller, 
Lignmn  Al«es,  Phannaceut.  Post  1897. — (With  r^;ard  to  the  cinnamon-barlcs  see  the  pharma- 
cognostic  works  of  Beig,  Vogl,  Tschirch,  &c. 
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HERNANDIACEAE. 

According  to  Pax,  this  Order  is  composed  of  the  three  genera  Gyrocarpus^ 
Sparattanthelmm  and  lUigera  (of  the  Gyrocarpeae),  and  the  genus  Hernaniia  ^ 
While  the  mode  of  dehiscence  of  the  anthers  and  other  exomorphic  features  show 
the  close  connexion  between  this  Order  and  the  Laurineae,  this  is  also  indicated 
by  the  anatomical  characters.  The  most  important  of  these  are  the  possession 
of  secretory  cells  and  the  excretion  of  oxalate  of  lime  in  the  form  of  small, 
adcular  ciystals.  In  these  two  anatomical  characters,  and  also  in  the  absence 
of  intraxyiary  soft  bast,  the  genera  of  Gyrocarpeae  differ  widely  from  the 
Combretaceae,  with  which  they  are  associated  by  Bentham  and  Hooker,  and 
others.  The  C3^toliths  of  Gyrocarpus  and  SparaUanihelium  constitute  a  special 
anatomical  feature,  though  not  found  in  all  members  of  the  Order  *. 

The  leaves  of  the  Hemandiaceae  have  bifacial  structure,  the  palisade-tissue 
most  usually  consisting  of  a  single  layer.  The  stomata  are  found  only  on  the 
lower  side  of  the  leaf.  In  Gyrocarpus  and  Sparattanthdium  they  are  siurounded 
by  a  number  of  ordinary  epidennial  cells,  while  in  lUigera  (exduding  /.  oMusa, 
Meissn.')  and  Hemandia  liiey  are  accompanied  by  subsidiary  cells,  arranged 
psuiallel  to  the  pore.  Hjnpoaerm,  consisting  of  from  one  to  two  layer^has 
been  observed  on  the  upper  side  of  the  leaf  in  Gyrocarpus  acuminatus^  Meissn., 
G.  asioHcuSy  Willd.  var.  y,  G.  rugosus^  R.  Br.,  and  lUigera  appendiculaiay  Bl. ; 
other  species  of  Gyrocarpus  and  lUigera,  and  also  species  of  SparaUanthelium 
show  division  by  means  of  horizontal  walls  in  certain  cells  of  the  upper  epi- 
dermis of  the  leaf.  In  the  anomalous  species  lUi^era  obtusa  the  lower  epidermal 
cells  of  the  leaf  are  produced  into  coronate  papulae,  which  are  connected  with 
one  another  by  ridges  of  cellulose.  The  vascular  bundles  of  the  veins  are 
accompanied  by  sclerench3nna  in  the  investigated  species  of  SparaUaniheUum, 
lUigera  and  Hemandia. 

The  hairy  covering  usually  consists  only  of  clothing  hairs.  The  latter 
in  Gyrocarpus,  SparaUanthelium  and  lUigera  are  ordinary  unicellular  scleren- 
chymatous  trichomes,  accompanied  by  unicellular  bracket-hairs  in  certain  species 
of  the  three  genera.  In  Hernandia  sonora,  rather  short,  unicellular  hairs  with 
wide  lumina  are  present  in  the  floral  region ;  the  anomalous  species  lUigera 
obiusa  has  ordinary  uiiicellular  trichomes  with  transitions  to  typically  two- 
anned  hairs,  the  arms  being  of  equal  length.  The  glandular  hairs  of  lUigera 
(excl.  /.  oUusa)  consist  of  a  short  unicellular  stalk  and  a  two-celled  head, 
shaped  like  the  teleutospore  of  a  Puccinia  (Fig.  172,  ^4). 

Oxalate  of  lime,  both  in  the  axis  and  leaf,  is  almost  exclusively  excreted 
in  the  form  of  small,  adcular  crystals  (except  in  lUigera  obtusa,  where  ordinary 
large  solitary  crystals  occur  in  the  neighbourhood  of  the  vasctdar  bundles). 
In  the  leaf  the  adcular  crystals  are  found  both  in  the  vascular  bundles  and 
mesophyll,  and  also  in  the  upper  and  lower  epidermis,  where  they  are  abundant 
and  are  accompanied  by  quite  small  octohedral  solitary  crystals ;  they  some- 
times occur  even  in  the  guard-cells,  and  in  lUi^era  also  in  the  heads  of 
the  glandular  hairs.  By  the  presence  of  cystolius  the  two  dosdy  related 
genera  Gyrocarpus  and  SparaUanthelium  are  distinguished  from  the  other 
members  of  the  Order.  The  cystoUths  of  the  leaf  are  g^ierally  confined  to 
the  int^^umental  tissue ;  they  are  rardy  found  also  in  the  soft  bast  of  the 
veins  (Sparattanthelium  atnaxonum.  Mart.),  or  in  the  tissue  surrounding  the 

>  See  footnotes  on  pp.  543  and  70a. 

*  Most  important  llteratnre :  Solereder,  1889 ;  in  addition  to  the  species  of  Gyrocaipeae,  men- 
tiooed  there,  the  stncttue  of  the  axis  and  leaf  was  also  investieated  in  Hemandia  soficra,  L. 

'  ///^ggra  obiusa,  Meissn.  differs  from  the  other  species  of  Illigera  not  only  in  this  respect  bnt 
also  in  the  nature  of  the  fruit  and  in  other  anatomical  characters  (see  below),  and  should  at  any  rate 
be  exdnded  from  the  genns  Illigera  (cf.  Flora  Brit.  Ind.  ii,  1879,  p.  461). 
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vascular  bundles  (Gyrocarpus  asiaticus,  Willd.),  or  even  in  the  mesophsrll 
(G.  rugosus,  R.  Br.).  The  integumental  cystoliths  occur  in  the  hypoderm  in 
those  species  in  which  a  hypoderm  is  present ;  in  other  cases  they  lie  in  epi- 
dermal cells  the  shape  of  which  is  adapted  to  that  of  the  cystoliths ;  in  the 
latter  case  only  a  small  portion  of  the  epidermal  cell  reaches  the  surface  of  the 
leaf,  but  it  is  to  this  part  of  the  waU  that  the  stalk  of  the  cystolith  is  attached. 
The  form  of  the  cystoUth  differs  in  the  two  genera.  Gyrocarpus  has  spherical 
or  ellipsoidal  cystoliths,  whilst  those  of  Sparaitanthelium  (Fig.  172,  B)  are 
branched,  and  usually  have  six  arms,  radiating  from  a  common  centre,  then- 
arrangement  coinciding  with  three  intersecting  axes.  The  cystoUths  may  or 
may  not  be  calcified ;  their  skeleton  gives  the  cellulbse-reaction.  The  calcified 
cystoliths  are  generally  visible  even  with  the  naked  eye  as  granular  dots  {Gyro- 
carpus)^  or  sniall  striae  or  stars  (SparaUanikdium)  on  the  surface  of  the  leaf. 
The  c3^toliths  may  also  occur  in  the  axis,  e.g.  in  the  primary  cortex  of  G,  asiaticus. 
Secretory  cells  with  oily  contents  are  present  in  ail  the  members  of  the 
Order,  and  in  Hemandia  *  mucilage-cells  occur  as  well.  The  secretory  cells 
sometimes  give  rise  to  transparent  dots  in  the  leaf ;   they  are  found  in  the 

epidermis  of  the  leaf  (only  in 

A  ^     ^ 


certain  species  of  Sparattanihe- 
liumy  Illigera  and  Hemandia)^  in 
the  palisade  (only  in  Illigera  and 
Hemandia),  or  spongy  tissues, 
and  in  the  ground-tissue  of  the 
veins ;  in  the  axis  the  secretory 
cells  are  found  in  the  pith,  bast 
and  primary  cortex.  The  se- 
cretory cells  of  the  leaf  are 
spherical,  with  the  exception  of 
those  occurring  in  the  palisade- 
tissue,  which  have  the  form  of 
enlarged  cells  of  this  tissue. 

The  structure  of  the  axis  has 
been  examined   in  Gyrocarpus 


Pig.  17a.  A,  Gl&ndalar  hairs  of  lUigera  Coryaadeniay 
Meiasn.  B,  Trmnsverae  section  throurh  the  upper  portion  of  the 
lamina  of  the  leaf  ci  SparaUaniksltum  Boiocudorttm^  Mart.— 
Orifi^nal. 


asiaticus,  Willd.,  SparaUatUhelium  Tupinanibazum,  Martins,  Illigera  Khasiana, 
Clarke,  and  Hemandia  sonora,  L.  The  formation  of  cork  takes  place  super- 
ficially, viz.  in  the  outermost  cell-layer  of  the  primary  cortex  in  i^^man^ia  sonora, 
and  in  the  second  layer  of  the  cortex  in  Gyrocarpus  asiaticus.  In  the  two  species 
mentioned  the  cork  consists  of  cells  with  wide  lumina  and  thin  walls.  The  outer 
portion  of  the  primary  cortex  is  competed  of  collenchymatous  tissue ;  in 
Sparaitanthelium  Tupinambazum  the  inner  portion  consists  of  parenchymatous 
cells  with  wide  lumina  and  lignified  walls.  In  the  four  species  mentioned  abo^e 
the  pericycle  contains  strongly  developed  bundles  of  various  types  of  scleren- 
chymatous  fibres ;  only  in  Gyrocarpus  are  these  fibres  united  to  form  a  con- 
tinuous sclerenchymatous  ring  by  means  of  stone-cells  with  U-shaped  thicken- 
ings, as  in  the  Laurineae.  The  bast  requires  no  special  mention.  The  wood 
is  soft,  and  consists  of  (a)  vessels  with  fairly  wide  limiina,  (b)  narrow  medullary 
rays,  and  (c)  wood-prosenchyma  with  relatively  wide  lumina,  walls  of  no  great 
thickness,  and  simple  pits.  Where  the  vessds  abut  on  one  another  they  have 
relatively  large  bordered  pits,  and  in  contact  with  parenchyma  they  bear 
transitions  from  bordered  pits  to  large  simple  pits.  The  perforations  of  the 
vessels  are  for  the  most  part  exclusively  simple ;  in  Hemandia  some  of  them 
are  scalariform,  but  with  few  bars. 


^  Thb  statement  is  fonnded  on  an  investigation  of//,  sanora ;  iiokoray  onlj  mentions  resin-oells 
as  occurring  in  Hermmdia, 
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Litemtiire :  Moller,  Holzanmt,  Denkschr.  Wiener  Akad.  1876,  pr.  41  and  337.— Bokomy, 
Dvchs.  P.,  Flora  i88a,  p.  359  et  acq.  and  sep.  copy,  p.  16  ct  »eq.-Soleredcr,  Anat  n.  Syit  d. 
Combret,  Bot  Centialbl.  1885,  iii,  p.  161  et  se^.,  Holzstr.,  1885,  pp.  121 -9  and  337  and  Blattspr. 

bd  den  Gyrocarp.,  Engler,  Bot.  Jahrb.,  Bd.  x,  1889,  pp.  511-30  and  Tab.  xiv Kohl,  Kalks.  etc., 

1889,  p.  134 — ^Paz,  in  Natiirl.  Pflanzeufam.,  ilL  Teil,  Abt  3,  1889,  pp.  126-9. 


GOMORTEGACEAE. 

Gomortega  niiida^  Ruiz  et  Pav.,  which  is  the  only  representative  of  this  Order, 
agrees  with  the  Laurineae  and  Monimiaceae  in  poss^sing  secretory  cells,  and 
in  the  presence  of  a  composite  sclerenchymatous  ring  including  stone-cells  with 
horseshoe-like  thickenings  in  the  pericycle. 

The  leathery  leaf  is  typically  bUfacial,  the  palisade-tissue  consisting  of 
several  layers,  while  the  spongy  tissue  is  lacunar.  The  epidermal  cells  on 
both  sides  of  the  leaf  have  straight  lateral  walls.  Beneath  the  upper  epidermis 
of  the  leaf  a  thick- walled  hypoderm  is  developed,  consisting  of  from  one  to  two 
layers,  the  cells  of  which  are  polygonal  in  surf  ace- view  and  considerably  larger 
than  the  epidermal  cells.  The  stomata  are  found  only  on  the  lower  side  of  the 
leaf,  and  are  accompanied  on  either  side  by  a  single  subsidiary  cell  placed 
parallel  to  the  pore ;  a  secondary  division  occasionally  takes  place  m  the 
subsidiary  cells  in  a  direction  at  right  angles  to  the  pore.  The  vascular  bundles 
of  the  vems  are  provided  with  a  strongly  developed  sheath  of  sclerenchyma. 

The  following  statements  may  be  made  regarding  the  structure  of  the 
stem«  The  xylem  consists  of  (a)  wood-prosenchyma  with  bordered  pits ; 
{b)  narrow  medullary  rays,  the  cells  of  which  are  somewhat  elongated  in  the 
vertical  and  radial  directions  ;  (c)  vessels  with  small  lumina  (maximum  diameter 
»  -03  mm.),  exclusively  scalariform  perforations  (mostly  having  numerous  bars), 
and  walls  bearing  relatively  large  simple  pits  in  contact  with  parenchyma  of 
the  medullary  ra]^  ;  and  (d)  a  small  amount  of  wood-parenchyma.  The  peri- 
cycle contains  a  composite  and  fairly  continuous  ring  of  sclerenchyma,  composed 
of  groups  of  bast-fibres,  and  of  stone-cells  sclerosed  on  all  sides  or  on  one  side 
only.  According  to  Reiche, '  sclerenchymatous  cells  resembling  idioblasts'  occur 
in  the  older  portions  of  the  secondary  bast. 

The  secretory  cells  are  filled  with  a  yellow  resinous  secretion ;  their  shape 
is  approximately  spherical  in  the  pith  and  primary  cortex,  and  in  the  palisade 
and  spongy  tissues  and  the  hypoderm  of  the  leaf,  while  those  in  the  soft  bast  are 
elongated  in  the  vertical  direction.  Oxalate  of  lime  is  onlj^  present  in  small 
quantities,  and  occurs  in  the  medullary  rays  of  the  bast,  and  in  the  neighbour- 
hood of  th^  veins  of  the  leaf,  in  the  form  of  small  acicular  or  prismatic  crystals, 
a  number  of  them  being  found  in  the  same  cell.    Trichomes  are  absent. 

Literature :  Reiche,  Gomortega,  Ber.  dentsch.  bot.  Gesellsch.  1896,  p.  339. — Harms,  in  Natiirl. 
Pflan/enfam.,  Nachtr.  u.  Reg.  zn  Teil  ii-iv,  2897,  p.  173. 


PROTEACEAE. 

I.  Review  of  the  Anatomical  Features.  Existing  investigations  point 
to  the  following  anatomical  characters  as  common  to  the  Proteaceae :  (a)  in 
the  structure  of  the  branch,  the  simple  perforations  of  the  vessels ;  the  bor- 
dered pits  on  the  thick  walls  of  the  wcKxi-prosenchyma ;  the  superficial  develop- 
ment of  cork ;  and  the  occurrence  of  secondary  hard  bast ;  (6)  in  the  structure 
of  the  leaf,  the  nature  of  the  stomatal  apparatus,  the  guard-cells  being  accom- 
panied by  subsidiary  cells  placed  parallel  to  the  pore.  In  most  cases  the  wood 
m  transverse  section  shows  vessels  with  relativdy  small  lumina  and  arranged 
tangentially ;   the  vessels  are  embedded  in  tangential  bands  of  wood-paren- 
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chyma,  and  the  medullary  vzys  are  broad.  Internal  secretory  receptacles^ 
viz.  secretory  cavities  with  red  or  reddish-brown  contents,  have  only  been 
obseired  in  the  genera  Adenanthos  and  Franklandia ;  in  Franklandia  (Fif . 
173,  C)  the  secretory  space  is  traversed  in  a  remarkable  manner  by  a  netwonc 
of  narrow  cells,  which  are  inserted  on  the  papillose  epithelial  cells.  Gelatini* 
zation  of  the  epidermis  of  the  leaf  has  not  been  observed  in  any  species.  Oxalate 
of  lime  is  present  in  the  form  of  clustered  and  solitary  crystals.  The  hairy 
covering  (Fig.  173,  E-F)  consists  of  simple  trichomes  composed  of  one  or  a  few 
cells ;  m  the  genera  GreviUea  and  Hakea  bicellular  two-armed  hairs  occur  ; 
short  hairs  with  a  terminal  cell  shaped  like  an  ascus  (glandular  hairs  ?)  have 
been  obs^^ed  in  LaniberUa.  An  investigation  of  the  leaf  presents  a  large 
number  of  special  anatomical  features,  viz.  the  bifacial  or  centric  structure 
of  the  leaf ;  the  numerous  details  connected  with  the  differentiation  of  the 
middle  layer  (see  Fig.  173) ;  the  occurrence  of  mechanical  cells  of  various 
shapes  in  the  mesophyll  in  numerous  members  of  the  Order ;  the  vertical 
transcurrence  of  the  veins  in  some  cases  W  means  of  sclerenchyma ;  the  de- 
velopment of  hypodermal  tissue  {Banksia,  Dryandra^  Franklandia) ;  the  varied 
position  of  the  stomata,  which  either  he  on  a  level  with  the  epidermis  or  are 
depressed ;  the  occurrence  of  stomata  in  small  pits  on  the  leaf-stu^ce  {Banksia, 
Dryandra). 

2.  Structure  of  the  Leaf.  In  the  leaves,  which  are  mostly  leathery 
and  narrow,  the  anatomical  structtu-e  is  the  expression  of  an  adaptation  to 
the  dry  season,  which  the  plants  have  to  withstand,  more  particularly  those 
growing  in  the  subtropical  regions  of  South  Africa  and  New  HoUana.  The 
mesophyll  of  the  leaves  has  been  especially  examined  by  Bengt  J5nsson,  while 
Mohl,  Strasburger,  Tschirch  and  others  have  investigated  the  peculiar  position 
of  the  stomata  in  nuiny  species. 

The  leaf-structure  is  either  bifacial  or  centric  (Fig.  173,  A-C).  In  the 
latter  case,  which  is  quite  general  where  the  leaf  is  very  narrow  or  acicular,  an 
envelope  of  one  or  more  layers  of  palisade-cells  surrounds  a  medullary  tissue 
with  little  or  no  chlorophyll ;  in  some  cases  the  medullary  tissue  probably  serves 
for  water-storage,  whilst  in  others  {Franklandia  fucifolia^  R.  Br.)  it  has  thick 
walls,  and  stores  up  starch.  Mechanical  cells  frequently  occur  as  special  ele- 
ments belonging  to  the  mesophyll ;  according  to  JSnsson  there  are  essentially 
three  forms  of  these  elements.  The  first  are  prop-cells,  viz.  sclerench)miatous 
elements,  elongated  like  palisade,  belonging  to  the  palisade-parenchyma  and 
having  short,  root-like  branches  at  both  ends  (species  of  Adenanthos,  GreviUea, 
Hakea,  Isopogon,  MoUoya,  Petrophila,  Roupala  and  Stenocarpus).  In  the 
medullary  tissue  of  the  leaves  of  some  species  of  Isopogon  (I.  peirophUoides, 
R.  Br.,  /.  comigerus,  Lindl.  and  /.  spamdatus,  R.  Br.)  these  mechanical  ele- 
ments are  replaced  by  stellately  branched  sclerenchyma-cells  with  thin  rays 
resembling  the  arms  of  an  Ophiurid  (Fig.  173,  B).  In  a  third  group  of  species, 
only  ordinary  sclerenchyma-cells  are  present  (species  of  AdenarMios,  Bellendena, 
Hakea  Isopogon,  Leucos^ermum,  Nivenia,  Sorocephalus  and  Xylomelum) ;  they 
are  usually  imbrancheo,  or  in  other  cases  more  or  less  branched.  In  the 
acicular  leaves  of  Isopogon  adenanthoides,  Meissn.  the  whole  of  the  medullary 
tissue  is  converted  into  sclerenchyma,  with  the  exception  of  a  narrow  peripheral 
zone  containing  soUtary  o^stals ;  finally,  in  the  bifacial  leaf  of  GreviUea  HiUiana, 
F.  V.  Miill.  the  sclerenchymatous  fibres  accompanying  the  vascular  bundles 
branch  off  from  the  latter  and  traverse  the  palisade-tissue  in  a  direction  at  right 
angles  to  the  surface  of  the  leaf,  ultimately  spreading  out  in  considerable  num- 
bera  between  the  palisade-tissue  and  the  upper  epidermis.  The  vascular 
bundles  of  the  leaf  are  always  accompanied  by  sclerenchyma,  but  the  latter 
varies  in  amount.  Sometimes,  even  in  the  smaller  veins  of  flat  leaves,  it  forms 
vertically  transcurrent  plates  reaching  as  far  as  the  epidermis  on  either  side 
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(species  of  Banksia,  Synaphea  and  Dryandra).  In  flat  leaves  the  arrangement 
of  the  vascular  bundles  follows  the  normal  tj^ ;  in  very  narrow  or  acicular 
leaves  having  a  considerable  number  of  bundles  there  is  eitner  one  larger  bundle 
at  the  centre  of  the  medullary  tissue,  while  the  remainder  are  situated  near  the 
periphery  of  this  tissue,  or  both  large  and  small  bundles  are  scattered  irr^u- 
larly  in  it,  or  all  of  them  lie  at  me  periphery.  In  Hakea  sulcata,  R.  Br. 
the  larger  vascular  bundles  of  the  leaf,  which  are  arranged  in  a  ring  at  the 
margin  of  the  pith,  resemble  the  bundles  in  the  flat  leaves  of  certain  species 
of  the  geneiB,  Banksioyy  &c.,  in  having  strongly  developed  masses  of  scleren- 
chjrma  opposite  and  external  to  their  xylem-groups;  these  traverse  the 
palisade-tissue  and  reach  as  far  as  the  epidermis. 

There  is  little  to  be  said  regarding  special  contents  in  the  mesophyll. 
Crj^tals  of  oxalate  of  lime  appear  to  be,  on  the  whole,  of  rather  rare  occurrence. 
Among  the  different  species  figured  by  Jonssen,  he  only  shows  solitary  crystals' 
in  the  peripheral  part  of  the  medulla  of  the  leaf  of  Isopogon  adenanthoides,  and 
in  the  epidermis  of  the  leaf  in  Hakea  margituUa ;  De  Bary  mentions  the  occurrence 
of  solitary  crystals  in  the  epidermis  of  the  leaf  of  Hakea  saligna  ;  in  a  casual 
examination  of  Adenanthos  obovata,  Labill.  and  Franklandia  fucifolia,  R.  Br. 
I  found,  in  the  medullary  tissue  of  the  leaf,  abundant  clustered  crystals  of 
varied  structure,  as  well  as  comparatively  small  numbers  of  soUtary  oystak. 
Moller  states  that,  in  investigating  the  '  bark  '  of  species  belonging  to  the  genera 
Banksia,  Hakea,  Leucadendron  and  Leucospennum,  he  observed  clustered 
oystals  in  the  primary  cortex  in  Banksia  and  Leucadendron  only ;  in  all  other 
cases  (even  in  the  bast)  he  found  no  crystals. 

Another  point  of  special  interest  is  Jonsson's  statement  on  the  occurrence 
of  '  glandel '  in  the  leaf  of  Franklandia  fudfolia  and  some  species  of  Adenanthos 
{A,  apiculata,  R.  Br.,  A,  barbigera,  Lindl.,  A.  obovata,  Labill.,  A,  sericea,  Labill.). 
I  have  investigated  Franklandia  fucifolia,  R.  Br.  and  Adenanthos  obovata, 
Labill.  with  reference  to  this  point,  and  I  am  able  to  state  that  these  glands 
are  secretory  cavities,  lined  by  a  delicate  one-layered  epitheUum,  and  filled 
with  brown  contents.  The  secretory  cavities  of  Adenanthos  obovata  are  fairly 
hr^e  spherical  spaces  in  the  palisade-tissue.  Those  of  Franklandia  fucifoha 
(Fig.  173,  C)  are  far  larger,  and  are  even  visible  to  the  naked  eye  as  pustules  on 
the  peculiar,  dichotomously  divided  leaves,  which  look  more  like  branches ; 
a  transverse  section  shows  that  the  secretory  cavities  not  only  traverse  the 
|)alisade-parench}ana,  but  also  penetrate  deeply  into  the  medtilla  of  the  centric 
leaf.  Closer  examination  of  the  secretory  cavities  of  Franklandia  shows  that 
the  secretory  space,  which  is  filled  with  reddish-brown,  crystalline,  doubly 
refractive  contents,  is  traversed  by  a  network  of  narrow,  elongated,  thin-walled 
cells,  connected  with  papillose  protrusions  of  the  epitheUum.  These  extremely 
peculiar  secretory  cavities  of  Franklandia  may  be  recommended  for  develop- 
mental investigation  in  fresh  material.  In  some  respects  they  are  probably 
comparable  to  the  well-known  intramural  glands  of  Psoralea,  and  the  secretory 
cavities  discovered  by  Kopff  in  certain  species  of  Lonchocarpus.  A  third  feature 
connected  with  the  presence  of  special  contents  in  the  mesophyll  is  the  occur- 
rence of  a  sheath  of  cells  surrounding  the  medulla  and  the  vascular  system  in 
the  centric  leaf  of  Aulax  umbellata,  R.  Br. ;  the  cells  of  this  sheath  are  elongated 
parallel  to  the  surface  of  the  leaf,  and  are  fiJled  with  brown  contents. 

In  describing  the  integumental  tissue  the  subjects  deserving  more  thorough 
treatment  are  :  the  development  of  hypoderm,  the  stomata,  and  the  trichomes. 
There  are,  however,  other  features  worth  mentioning,  and  we  will  take  these 
first.  Gelatinization  of  the  epidermis  of  the  leaf,  contrary  to  what  one  would 
expect,  has  not  been  observed  in  any  member  of  the  Order ;  silicification  of  the 
wdls  of  the  epidermal  cells  occasionally  takes  place  (species  of  Hakea).  The 
outer  wall  of  the  epidermal  cells  is  considerably  thickened  in  most  cases  in  this 


Digitized  by 


Google 


712  PROTEACEAE 

Order,  and  so  is  the  cuticle.  In  some  Proteaceae,  at  the  line  of  junction 
of  the  cuticle  and  the  cellulose  portion  of  the  outer  wall,  there  are,  accord- 
ing to  Nageli  and  De  Bary,  blunt  cuticular  processes  with  intervening  slits 
into  which  the  cellulose  portion  of  the  wall  penetrates ;  in  a  surface-view 
of  the  cell,  these  slits  appear  as  striae  with  irregular  radial  arrangement 
around  a  central  point,  or  in  elongated  cells  arranged  about  two  excentric 
points ;  sometimes  also  they  branch  and  anastomose.  Tschirch  mentions 
the  occurrence  of  a  waxy  covering  on  the  surface  of  the  leaf  in  Protea 
meUifera.  In  Enibothrium  cocdneum,  Forst.  the  epidermal  cells  are  provided 
with  papillae,  in  the  formation  of  which  the  external  wall  is  principally 
concerned.  The  hypoderm  consists  of  one  or  more  layers;  according  to 
Jonsson's  drawings  the  cells  of  this  tissue  are  generally  not  much  larger 
than  those  of  the  epidermis,  and  in  Dryandra  floribunda^  R.  Br.  they  re- 
semble fibres.  Hypoderm  is  present  in  the  bifacial  leaves  of  numerous  species 
of  Banksia  and  Dryandra^  as  well  as  in  the  centric  leaf  of  Franklandia  fucifoUa^ 
R.  Br.  (Fig.  173,  C).  With  regard  to  the  stomata,  the  most  important  feature, 
at  any  rate  for  systematic  purposes,  is  that  the  pair  of  guard-cells,  in  the  cases 
more  carefully  examined  by  Mohl,  Strasburger  and  De  Bary  (species  of  Gre- 
viUea^  Hakea,  Leucadendron,  Mimetes,  Persoonia  and  Protect  and  also  in  Aden- 
anthos  obovaia^  Labill.  and  Lambertia  mtdtiflora^  Lindl.,  as  I  learnt  from  a  casual 
observation),  are  accompanied  on  either  side  by  one  or  two  subsidiary  cells, 
arranged  parallel  to  the  pore  ;  these  subsidiary  cells  are  cut  off  secondarily  from 
the  cells  adjacent  to  the  guard-cells  or  from  the  mother-cell  of  the  stoma,  as 
Strasburger  has  shown  in  species  of  GreviUea  and  Hakea.  It  remains  for  future 
investigation  to  determine  whether  this  type  of  stoma  occurs  in  aU  Ptoteaceae  ; 
the  demonstration  of  the  subsidiary  cells  is  not  always  an  entirely  simple 
matter,  since  the  whole  of  the  stomatal  apparatus  (i.e.  the  guard-cells  with  the 
subsidiary  cells)  is  frequently  depressed.  The  mode  of  insertion  of  the  stomatal 
apparatus  in  the  epidermis  has  much  less  systematic  importance.  In  the  great 
majority  of  species  the  guard-cells  are  situated  at  the  same  level  as  the  adjacent 
epidermal  cells,  or  somewhat  higher ;  in  the  latter  case  the  guard-ceDs  are 
frequently  distinguished  by  the  malrked  development  (strong  in  Leucadendron 
decorum^  less  so  in  GreviUea  HiUiana)  of  their  outer  cuticular  ridges,  amounting 
to  the  formation  of  a  rampart  of  cuticle.  In  the  species  of  Banksia  and  Dryandra 
(according  to  Mohl)  and  Lambertia  (according  to  Engler  ^)  the  pairs  of  guard- 
cells  have  the  same  structure  as  that  just  described ;  in  these  cases  several 
stomata  occur  together  in  ampuUiform  depressions  in  the  surface  of  the  leaf, 
the  depressions  being  lined  with  delicate  felted  hairs.  In  other  species  (e.g. 
PeirophUa  rigida^  Protea  meUifera^  Roupala  brasiliensis,  Aulax  umbellata^  accord- 
ing to  Tschirch)  the  guard-cells  and  epidermal  cells  lie  at  the  same  level  and 
both  have  their  external  walls  <:onsiderably  thickened  and  to  an  equal  extent ; 
consequently  the  cuticular  ridge  is  raised,  and  the  vestibule  correspondingly 
elongated.  Finally,  in  other  species  the  guard-cells  with  the  subsidiary  cells 
belonginjg  to  them  are  depressed  to  a  greater  or  less  depth  below  the  level  of  the 
epidermis  of  the  leaf,  and  the  epidermal  cells,  which  adjoin  the  stomatal  ap- 
paratus, form  the  wall  of  a  variously  shaped  outer  respiratory  cavity,  the  latter 
bein^  ampuUiform  {Franklandia  fucifolia.  Fig.  173,  D),  cylindrical  (Stirlingia 
terettfolia),  funnel-shaped  (species  of  Hakea,  e.g.  Hakea  saligna)  or  double 
funnel-shaped  (Hakea  cyclocarpa).  Naturally  the  stomata  may  occur  on  both 
sides  of  the  leaf  (principally  in  centric  leaves),  or  they  may  be  present  on  the 
lower  surface  only.  According  to  Mohl,  they  are  mostly  (with  the  exception  of 


^  In  Lambertia  tnermis,  R.  Br.  and  L.  muUiflara,  Lindl.  I  did  not  find  this  featnie ;  nor  did 
Jonsson  in  the  species  of  Lambertia  examined  by  him. 
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those  occurring  in  small  pits)  placed  parallel  to  one  another,  as  in  the  Mono- 
cotyledons, and  at  the  same  time  parallel  to  the  length  of  the  leaf. 

The  hairy  covering  consists  as  a  rule  of  simple,  unicelltdar  hairs  only, 
though  they  vary  in  other  respects.  In  most  cases  the  hairs  have  thick  waJQs 
and  narrow  lumina,  and  are  stiff ;  thin,  wavy  hairs,  forming  a  dense  felt,  occur 
in  Banksia  and  Dryandra ;   also  in  GreviUea  Pinaster,  Meissn.,  according  to 


^S"^ 


PlO.  173.  Transverse  section  of 
the  leaf:  A,  of  IfaJkea  suUaia, 
R.  Br. :  a  of  Isopogon  felrophi- 
hidgSj  R.  Br. :  c,  <J  FtanJUtmdia 
fud/oUa^  R.  Br.  with  a  secretoiy 
cavtty.  D,  Transverse  section 
throiu4i  the  stomatal  apparatus  of 
Franklandia  fuafolia,  B,  Tri- 
chomrs  of  LamberHa  inermis^ 
R.  Br.  P,  Two-armed  hair  of  Gre- 
vilUa  linearis^  R.  Br.— a-b  after 
J&nsaon,  the  remainder  original. 


Engler.  The  simple  hairs,  moreover,  are  not  always  unicellular  ;  in  Lambertia 
inermiSf  R.  Br.  (Fig  173,  £),  for  example,  they  consist  of  quite  a  short  basal 
cell,  inserted  on  the  epidermis,  and  a  long  terminal  cell  with  thick  walls  and 
narrow  lumina.  Hairs  of  a  special  form  appear  in  the  two  genera  GreviUea 
and  Hakea  (according  to  Moller,  Jonsson  and  Engler).  They  are  bicellular, 
two-armed  hairs  (Fig.  173,  F)>  which  are  probably  to  be  found  in  aU  species 
of  these  two  genera,  at  any  rate  on  some  part  of  the  plant.    They  consist  of 
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a  basal  and  a  terminal  cell ;  the  former  is  often  long,  and  sometimes  almost 
without  a  Itmien  owing  to  the  strong  thickening  of  the  wall ;  the  terminal  cell 
has  equal  arms,  may  be  thick-  or  thin-walled,  and  is  pointed  at  both  ends ;  the 
middle  of  the  cell  is  inserted  on  the  basal  cell,  and  its  arms  either  form  a  wide 
angle  or  are  directed  upwards  dichotomously  at  an  angle  of  6o°-90®.  Glandular 
hairs  appear  to  be  al^nt ;  an  investigation  of  Uving  material  is  required  to 
determme  whether  the  hairs,  observed  by  me  on  the  lower  surface  of  the  leaf  in 
Lambertia  inennis^  R.  Br.  (Fig.  173,  £),  and  having  an  ascus-shaped  terminal 
cell  and  a  short  basal  cell  seated  on  the  epidermis,  are  external  glands. 

To  conclude  the  section  on  the  structure  of  the  leaf  a  tabulated  review  of  the 
more  special  results  obtained  by  Jdnsson  is  added.  Jdnsson's  types  are  retained 
in  this  review  ;  they  are  not  sjrstematic  groups,  and  transitions  between  them  occur  ; 
as  regards  the  species  investi^ted  the  ori|;inal  work  must  be  consulted. 

I.  Ha^tfo-type.  Leaf -structure  centnc ;  sclerenchymatous  rod-cells  in  the  pali- 
sade-tissue :  species  of  Adenanthos,  Grevillea,  Hakea,  isopogon,  MoUoya^  PetropkUay 
Roupala  and  Stenocarpus. 

II.  Isopogon-type  I.  Leaf-structure  centric ;  ophiurid-like  spicular  cells : 
species  of  Isopogon. 

III.  Isopogon-tYpe  II.  Leaf-structure  centric ;  ordinary  sclerenchymatous 
cells  :  species  of  Aamanthos,  BeUendena^  Hakea,  Isopogon,  Leucospermum,  Nivenia, 
Sorocephalus  and  Xylomelum. 

IV.  Persoonia-tvpe,  Leaf-structure  centric ;  sclerenchyma  of  the  vascular 
bundles  not  vertically  transcurrent :  species  of  Adenanthos,  AtUax,  Conospermum, 
Enibothrium,  Leucadendron,  Mimetes,  Ntvenia,  Persoonia,  Petrophila,Protea,  Serruria, 
Spatalla  and  Stirlingia, 

V.  Synaphea-type.  Leaf-structure  centric ;  sclerenchyma  of  the  vascular 
bundles  vertically  transcurrent :  species  of  Hakea  and  Synaphea. 

VI.  Banksia-type.  Leaf -structure  bifacial ;  sclerenchyma  of  the  veins  verti- 
cally transcurrent ;  nypoderm  of  1-3  layers :  species  of  Banksia  and  Dryandra, 

VII.  GreviUea-type,  Leaf-structure  bifacial ;  sclerenchyma  of  the  veins  not 
vertically  transcurrent ;  no  hypoderm  :  species  of  Anadenia,  Brabejum,  Grevillea, 
Helicia,  Lambertia,  Lomaiia,  Orites, 

VIII.  Franklandia  fudfolia,  R.  Br. :  Leaf-structure  centric  ;  hypoderm. 

IX.  Aulax  umbellata,  R.  Br. :  Leaf -structure  centric  ;  between  flie  medulla  of 
the  leaf  and  the  palisade-tissue  a  characteristic  layer  of  cells  with  brown  contents. 

3.  Structure  of  the  Axis.  The  structure  of  the  "wood  has  been  examined 
by  me  in  representatives  of  all  the  tribes  \  and  has  also  been  investigated  by 
rioulbert.  The  vessels  have  a  maximum-diameter  of  -024—05  mm.,  and  in  many 
cases  (in  the  species  of  Banksia,  Grevillea,  Helicia  and  Lotnatia  examined  by 
me,  and  according  to  Houlbert  in  Banksia,  Dryandra,  Embothrium^  Grevillea, 
Guevina,  Hakea,  Knightia,  Macadamia,  Orites,  Roupala,  Stenocarpus  and  Xylo- 
melum,  but  not  in  Brabejum,  Isopogon,  Persoonia  and  Protea)  they  have  a  charac- 
teristic arrangement  in  the  tangential  direction,  being  at  the  same  time  em- 
bedded in  zones  of  wood-parenchyma  similarly  situated.  The  perforations  of 
the  vessels  are  exclusively  simple.  The  vessel-wall  is  provided  with  bordered 
pits  where  it  is  in  contact  with  parenchyma.  Spiral  thickening  of  the  walls  of 
the  vessels  has  been  observed  in  Dryandra  formosa,  R.  Br.,  Grevillea  Baueri, 
R.  Br.  and  Persoonia  acerosa,  Sieb.  The  medullary  rays  are  usually  broad ;  they 
are  narrow,  1-3  cells  thick,  only  in  the  species  of  Franklandia,  Persoonia  and 
Symphyonema  investigated  by  me.  The  wood-prosenchyma  is  invariably 
thick-walled,  occasionally  {Hakea  suaveolens,  according  to  De  Bary)  provided 
with  a  e|elatinous  layer,  and  always  bears  distinct,  though  sometimes  small 
bordered  pits.  On  the  inner  side  of  the  primary  vessels  groups  of  scleren- 
chymatous fibres  are  developed  in  many  cases  (in  all  the  species  investigated 
by  me,  excepting  those  of  Symphyonema  and  Persoonia  ;  see  dso  Vesque,  loc.  cit. 
and  Biaillon,  Hist.  d.  pi.,  t.  ii,  p.  406). 

^  Species  of  Protea,  Adenoftthcs,  Synaphea,  Conospermum^  FrankUxndia^  Symphyonema, 
Persoonia,  Helicia,  Grevillea,  Lomatia,  Embothrium^  Banksia  and  Dryandra, 
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Regarding  the  structure  of  the  cortex  our  information  is  still  scanty; 
HSkr's  investigations  extend  to  species  of  Banksia,  Hakea,  Leucadendron  and 
Leticosfennum,  The  formation  of  cork  takes  place  subepidermally  (species  of 
Banksta,  Grevillea  and  Hakea,  according  to  Sanio,  Moller,  Douliot  and  J.  £. 
Weiss).  The  differentiated  cork  consists  of  cells  with  thin  walls  and  wide 
Imnina,  or  of  somewhat  thick-walled  cells.  The  primary  cortex  sometimes 
contains  stone-cells  ;  in  the  pericycle  there  are  isolated  groups  of  bast-fibres. 
In  Banksia^  Leucospermum  and  Leucadendron  the  secondary  bast  is  charac- 
terized by  the  following  featiu'es  :  the  tangential  arrangement  of  compact 
bundles  of  hard  bast,  in  addition  to  which  there  are  smaller  isolated  groups 
of  hard  bast  and  sclerenchymatous  parenchyma  with  elements  of  varjong 
shape ;  the  broad  medullary  rays,  which  become  sclerosed  independently  of 
the  hard  bast ;  and  the  sieve-tubes,  the  elements  of  which  are  devoid  of  sieve- 
fields  only  for  a  short  distance  in  the  middle  of  their  length. 

Literature :  Mohl,  Spaltoff.  d.  Pr.,  Verb.  Leopold.  Akad.,  Bd.  viii,  a.  Abt,  1833,  pp.  789-804 


and  Tab.  Ix-lzi,  and  Verm.  Schr.,  1845,  p.  345  et  aeq.— Strasbarger,  Spaltoffn.,  Prioyg^im  Jahrb., 
Bd.  T,  1866-7,  PP-  3*8-9  and  Tab.  xli. — ^Vesqne,  in  Ann.  sc.  nat.,  s^.  6,  t.  ii,  1875,  p.  145. — ^Moller, 
Hobmnat,  Dcnkscbr.  Wiener  Akad.  1876,  pp.  43-4  and  338  et  seq.—De  Bary,  Vergl.  Anat,  1877.— 
AieschoQg,  Blad.  anat.,  Minnesskr.  Lund,  1878,  p.  135  et  seq. — Bengt  Jonason,  Bidr.  till  kannedom. 
om  blad.  anat  byggn.  hos  Pr.,  Acta  Univ.  Lund,  vol.  xr,  1878-9,  49  pp.  and  3  Tab.;  see  also 
Tost  1880,  i,  pp.  113-14. — ^Tschirch,  Assimilationsorg.,  Linnaea,  Bd.  43,  1080-83,  p.  139  et  seq.  and 
Tab.  ii. — Moller,  Rindenanat.,  1882,  pp.  119-34 — Solereder,  Holzstr.,  1885,  pp.  338-30.— O.  Bach- 
OMBin,  Schildh.,  Flora  1886,  sep.  copy.  p.  io.~Donliot,  in  Ann.  sc  nat,  s^r.  7,  t.  x,  1889,  pp.  331-3. 
—J.  E.  Weiss,  Korkbild.,  Denkscfar.  Regensb.  bot.  Gesellsch.  1890,  sep.  copy,  p.  55.— Eiigler,  in 
NatOrl.  Pflanzenfam.,  iii.  Teil,  Abt  i  (1894),  pp.  130-3.— Honlbert,  Bois  sec.  dans  les  Ap^toles, 
Thte,  Paris,  1893,  pp.  13-^3  and  pi.  i-ii. — Reiche,  in  Engler,  Jahrb.,  Bd.  xxi,  1895,  p.  37  and 
Chilen.  Holzgew.,  Pring&eim  Jahrb.,  Bd.  xxx,  1897,  p.  93.— [Tassi,  Le  Proteacee,  Bnll.  del  Lab. 
ed  Orto  bot  della  Univ.  di  Siena  1898,  pp.  67-134,  13  tav.] 
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THYMELAEACEAE. 

I.  Review  of  the  Anatomical  Features.  This  Order  is  characterized 
in  a  most  excellent  manner  by  the  structure  of  the  stem.  In  all  the  genera,  with 
the  single  exception  of  Drapetes^  there  is  intraxylary  phloem  \  accompanied 
by  more  or  less  abundant  hard  bast-fibres,  and  the  external  bast  is  likewise 
distinguished  by  the  presence  of  numerous  bast-fibres.  The  following  features 
may  sdso  be  described  as  general  anatomical  characters  of  the  Order  :  tiie  super- 
ficial development  of  the  cork,  the  simple  perforations  of  the  vessels,  wood-pros- 
enchyma  with  bordered  pits,  narrow  meaullary  rays  in  the  wood,  the  absence 
of  external  and  internal  glands,  and  the  lack  of  a  special  type  of  stoma.  Oxalate 
of  lime  is  deposited  in  very  different  forms,  namely  as  ordinary  solitary  crystals, 
styloids,  clustered  cr5^tals  and  crystal-sand;  these  forms  have  no  great 
systematic  importance.  The  trichomes  are  simple  and  unicellular ;  hairs  of 
a  special  form,  viz.  two-armed  hairs,  have  only  been  observed  in  Daphnopsis. 
Interxylary  in  addition  to  the  intraxylary  phloem  is  present  in  six  geners^ 
namely  Ltnostofna,  Lophostotna,  Synaptolepis,  Aquilaria^  Gyrinops  and  Gyri- 
nopsis ;  it  is  given  off  internally  by  the  cambium.  The  following  are  special 
anatomical  features,  which  are  of  value  for  specific  or  generic  diagnosis  :  the 
gelatinization  of  the  epidermis  of  the  leaf  and  stem,  occurring  in  very  many 
cases ;  papillose  differentiation  of  the  epidermis  of  the  leaf  (species  of  Daphne) ; 
the  occurrence  of  stomata  exclusiveljr  on  the  upper  surface  of  the  leaf  (species 
of  Passerina) ;  the  enclosure  of  the  individual  stomata  in  receptacles  formed 
b^  the  papillose  elevation  of  the  neighbouring  cells  (species  of  Edgeworthiay 
Enkleia^  Lasiosiphon^   Linostoma,    Laphostoma   and  Synaptolepis) ;    scleren- 

^  In  j4quiiaria  AgtUlocha^  Roxb.  the  internal  gronps  of  soft  bast  become  transformed  by 
secondary  changes  into  inversely  orientated  mednllaxy  vascmar  bundles  (see  below). 
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chymatous  fibres  in  the  mesophyll  (species  of  Daphne^  Daphnopsis,  Enkleia, 
Lasiosiphon^  Lophostoma^  Peddiea,  Stephanodaphne) ;  finally,  the  occurrence  or 
absence  of  intraxylary  phloem  in  the  midrib  of  the  leaf  and  in  the  petiole,  and 
also  the  epidennal  or  subepidermal  origin  of  the  cork  (according  to  Van 
Tieghem). 

2.  Structure  of  the  Leaf.  The  structure  of  the  leaf  and  aids  is  well 
known  from  the  investigations  of  Van  Tieghem  and  Supprian. 

The  leaf-structure  is  bifacial  in  most  cases.  The  palisade-tissue  gene- 
rally consists  of  short  cells  ;  the  spongy  tissue  has  large  or  small  intercdlular 
spaces,  (^tric  leaf -structure  with  devdopment  of  palisade-tissue  on  both  sides 
of  the  leaf  has  been  demonstrated  in  species  of  Pimdea^  Thymdaea,  Stdlera 
and  Diartkfon ;  a  mesophyll  composed  of  isodiametric  cells  has  been  found  in 
species  of  Drapetes.  In  certain  species  the  mesophyll  is  traversed  quite  irregu- 
larly by  sclerenchymatous  fibres  {Daphnopsis  Guacacoa,  Wright  ed.  Griseb. 
according  to  Radlkofer ;  species  of  EfiMda^  Daphne  section  Eriosolena,  Lopho- 
stoma,  Peddiea  and  Stephanodaphne  according  to  Van  Tieghem  ;  Daphne  pen- 
dula,  Sm.,  Z>.  WaUichii,  Meissn.,  Lasiosiphon  scandens,  Endl.»  Peddiea  Fiscneri, 
Engl.,  P.  parviflora.  Hook,  f.,  and  Stephanodaphne  cremostachya^  Baill. 
according  to  Supprian). 

In  the  leaf  the  cells  of  the  epidermis  are  generallv  low ;  their  lateral  walls 
are  usually  straight  on  the  upper  side  of  the  leaf,  undulated  or  straight  on  the 
lower  side.  Daphnopsis  Humboldtii,  Meissn.,  Drapetes  Dieffenbachii,  Hook, 
and  Thymelaea  hirsuta,  Endl.  possess  epidermal  cells  of  greater  height ;  in 
Dais  cotinifolia,  L.  this  is  only  tiie  case  above  the  median  vein,  while  on  either 
side  of  the  latter  the  epidermal  cells  gradually  decrease  in  height.  Epidermal 
cells  having  their  walls  arched  outwards  are  found  in  species  of  Linostoma ; 
papillose  epidermal  cells  occur  on  the  lower  side  of  the  leaf  in  Daphne  *  com- 
posita  *  and  Z>.  involucrata  (Van  Tieghem).  The  thickness  of  the  outer  wall 
varies  in  relation  to  climate  and  habitat.  The  cuticle  is  usually  smooth  ;  excre- 
tion of  wax  is  rare,  and  the  amount  of  it  is  never  considerable  {Lagetta,  Pimdea), 
Gelatinization  of  the  inner  membranes  of  epidermal  cells,  on  the  other  hand, 
is  very  common.  Mucilaginous  epidermal  cells  in  the  leaf  have  been  observed 
by  Radlkofer,  Bokorny,  A.  Wagner,  Van  Tieghem  and  Supprian  in  species 
of  the  following  genera  :  Atihrosolen,  Chymococca,  Cryptadentay  Daphne,  Diar- 
thron,  Dicranolepis,  Edgeworthia,  Gnidia,  Lachnaea,  Lagetta,  Lasiadenia,  LasiO' 
siphon,  Leucosmia,  Linodendron,  Linostoma^  Lophostoma,  Ovidia,  Passerina  \ 
Peddiea,  Phaleria,  Pimelea,  Stellera,  Struihiola,  Synaptolepis,  Thymelaea,  and 
Wikstroemia ' ;  in  some  cases  they  give  rise  to  transparent  dots  in  the  leaf. 
The  gelatinization  of  the  internal  membranes  is  often  considerable  ;  sometimes 
a  few  unchanged  cellulose  lamellae  still  remain  in  the  gelatinized  membrane 
(Arthrosolen  gymnostachys,  C.  A.  Mey.  and  A.  som4densis,¥\g.  174,  A,  according 
to  Supprian  and  Van  Tieghem  respectively).  It  may  be  added  that,  according 
to  Van  Tieghem,  cells  with  mucilaginous  inner  membranes  sometimes  occur 
also  in  the  epidermis  of  the  stem  {Arthrosolen,  Diarthron,  species  of  Gnidia 
section  Phidia,  species  of  Stellera  section  Dendrostellera,  species  of  Thymelaea 
section  Lygia),  or  in  the  subepidermal  layer  of  cells  in  the  stem  (species  of 
Phaleria),  The  structure  of  the  epidermis  of  the  leaf  in  Phaleria  coccinea,  Baill. 
and  P.  octandra,  Baill.  deserves  special  notice ;  in  the  first  of  these  species 
epidermal  cells  with  their  walls  uniformly  and  strongly  thickened  occur  scattered 
amongst  the  ordinary  epidermal  cells  on  both  sides  of  the  leaf ;  in  the  second 

^  De  BaTy*8  statement  r^aiding  diyision  of  the  epidennal  cells  by  means  of  horizontal  walU  in 
P.  ericoidesOa.  35)  is  erroneoos,  and  referable  to  the  gelatinization  referred  to  above. 

s  Van  Tieghem  (loc.  dt)  goes  too  far  in  ascribing  generic  valne  to  the  gelatinization,  without 
having  examined  a  sufficient  number  of  species ;  in  general  the  occurrence  of  mucilaginous  epidermal 
cells  is  only  a  specific  character. 
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species  these  cells  are  only  present  on  the  upper  side  of  the  leaf.  The  stoxnata 
are  generally  found  either  on  both  surfaces  or  only  on  the  lower.  In  Passerina 
ericoides,  P,  filiformis  and  P,  hirsuta,  the  leaves,  which  are  adpressed  to  the 
branchy  bear  stomata  on  the  upper  side  only ;  the  tissues  of  the  leaf  have  cor- 
responding positions,  the  palisade-tissue  being  situated  on  the  lower  (external), 
and  the  spongy  tissue  on  the  upper  side  (Camel).  The  stomata,  as  far  as 
I  have  ascertained,  possess  no  special  subsidiary  cells  {Daphne  Laureola,  Aqui- 
laria  AgaUocha),  They  may  eitner  lie  at  the  same  level  as  the  epidermis,  or 
may  be  d^ressed,  or  rarely  (Passerina)  somewhat  raised.  PecuUar  stomata 
(Fig.  174,  B-C),  viz.  such  as  occur  singly  at  the  base  of  flask-shaped  receptacles, 
of  which  the  wall  is  formed  by  the  elongated  cells  (six  to  ten  in  niunber)  adjoin- 
ing the  guard-cells,  are  present  in  Enkleia  malaccensis.  Griff,  (according  to 
Van  Tieghem),  Linodendron  (according  to  Radlkofer),  Linostoma  decandrum. 


C 


Pig.  1 74.    A,  M  acilaginooa  epidermal  celb  in  the  leaf  cSAriAra- 
iimst's.     -  '   '" ' — -"  ' •'^     "    '- 


^ ,^,     B-c  StomaU  encIcMed  in  receptacles:    a 

tiansvene  section;  C,  sarface-view.    p.  Transverse  section  of  the 


so/en  soma* 

transverse  seciion;  u,  ■»ii««;-»icw,  •*,  •.•«•««»&.  v^^wwu  ««  mic 
leaf  of  IHcran&lt^is  Btnikamiafu  with  styloids.— A  and  D  after 
Van  Tieghem,  B-c  after  Sopprian, 


Wall.,Las«os»Y>/km  scandens,  Endl.,  Lophostoma 
calophylloides,  Meissn.,  Synapiolepis  Kirkii, 
Oliv.  and  Edgeworthia  Gardneri,  Meissn.  (ac- 
cording to  Supprian). 

The  vascular  bundles  of  the  veins  of  the 
leaf  are  invariably  accompanied  by  bast-fibres 
(Supprian).  Bundles  of  hard  bast  occur  at  the 
margin  of  the  leaf  in  species  of  Daphnopsis, 
Dicranolepis^  Passerina  and  Synapiolepis. 

Neither  internal  secretory  organs  nor 
external  glands  are  present.  The  hairy 
covering  in  all  cases  consists  of  unicellular  trichomes,  according  to  Supprian. 
A  special  form  of  these  is  constituted  by  the  two-armed  hairs,  which,  according 
to  Kadlkofer,  occur  only  in  Daphnopsis  Guacacoa,  Wright,  while  in  D,  cuneata, 
Radlk.  none  but  ordinary  unicellular  trichomes  are  present;  in  Z>.  angustifolia, 
Wright  ed.  Griseb.,  however,  the  trichomes  of  the  floral  region  show  a  tendency 
to  the  formation  of  two-armed  hairs. 

Oxalate  of  lime  occurs  in  the  form  of  ordinary  rhombohedral  solitary 
oystals,  prismatic  crystals  of  more  or  less  pronounced  styloid-like  shape 
(Fig.  174,  Z>),  clustered  crystals,  and  typical  crystal-sand.  No  very  great 
^tematic  value  should  be  attached  to  the  various  forms  of  excretion  in  this 
Order,  which  is  contrary  to  the  results  obtained  in  other  Orders  ;  this  conclu- 
sion agrees  with  the  statements  of  Gilg  and  Supprian,  but  differs  from  those  of 
Van  Tieghem  ;  I  convinced  myself  of  this  point  during  an  investigation  (under- 
taken some  years  ago,  but  not  published)  of  the  structm-e  of  the  axis  in  most 
of  the  genera  of  this  Order. 

It  is  not  a  rare  occurrence  for  ordinary  solitary  crystals  to  be  connected  with 
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typical  styloids  by  transitions  in  the  same  species.  Clustered  crystals,  styloids  and 
soutary  crystals  occur  embedded  in  crystal-sand.  Several  of  these  forms  of  crystals* 
even  the  most  characteristic  types,  viz.  styloids  and  crystal-sand,  are  sometimes 
found  within  the  Umits  of  a  genus  in  closely  related  species,  or  even  side  by  side  in 
the  same  species.  Under  these  circumstances  the  employment  of  the  features  pre- 
sented by  the  crystals  for  s^rstematic  purposes  is  rendered  very  difficult.  For  the 
actual  determination  of  their  systematic  value  far  more  extensive  investigations 
than  have  hitherto  been  carried  out  would  be  necessary ;  such  work  would  repay 
none  but  the  monographer,  who  employs  endomorphic  to  supplement  exomorphic 
characters  when  distinguishing  different  genera  and  species.  For  the  purpose  of 
this  book  the  following  table  may  suffice  ;  it  combines  Van  Tieghem's  statements 
with  the  results  of  my  own  investigation,  referred  to  above.  In  order  to  avoid  false 
conclusions  when  usmg  this  tabukited  review,  it  must  be  pointed  out  that  several 
forms  of  aystals  sometimes  occur  side  by  side  in  the  same  species : 

I.  Clustered  crystals  have  been  observed  in  species  of  Pimelea^  Schoenobibhs, 
Daphne,  Ovidia,  Dirca^  Daphnopsis,  Lasiadenia,  Dais,  Edgeworthia,  Arthrosolen, 
Goodallia,  Funifera,  LageUa,  Cryptadenia,  Siruthiola,  Gnidia,  Lasiosiphan,  Linostoma, 
Lophostoma,  Enkleia,  Synaptolepis,  Stephanodaphne  ;  Peddisa,  Leucosmia,  Phaleria, 
Pseudais, 

II.  Ordinary  solitary  cr3rstals  in  species  of  Schoenobiblos,  Dirca,  Daphnopsis^ 
Lasiadenia,  Dais,  Arthrosolen,  GoodaUia,  Lagetta,  Lasiosiphon  ;  Peddiea,  Phalerta, 

III.  Columnar  crystals  and  typical  styloids  with  intermediate  forms  in  species  of 
Pimelea,  Daphne,  Ovidia,  Dirca,  Daphnopsis,Lasiadenia,  Dais,  Arthrosolen,  GoodaUia^ 
Funifera,  LageUa,  Cryptadenia,  Siruthiola^  Gnidia,  Lasiosiphan,  Linostoma,  Lopho^ 
stoma,  Dicranoleiis,  Linodendron,  Stephanodaphne  ;  Peddtea,  Leucosmia,  Phaleria, 
Pseudais  ;  Aquitaria,  Gyrinops,  Gyrinopsis. 

IV.  Bundles  of  narrow  adcular  or  prismatic  crystals  in  species  of  Dirca  and 
Pimelea. 

V.  Cr^tal-sand  in  species  of  Ovidia,  Dais,  Passerina,  Chymococca,  Funifera^ 
Cryptadentaf  Lachnaea,  Gnidia,  Synaptolepis  ;  Gyrinops  (namely  Lachnohpis  nuduc- 
cana,  Miq.). 

VI.  Cr3rstal-sand,  enclosing  an  ordinary  soUtary  ciystal  or  a  prismatic  crystal, 
in  species  of  SchoenohiUos,  Daphnopsis,  Dais,  Lagetta,  Phaleria,  Pseudais. 

VII.  Crystal-sand,  enclosing  clustered  crystals,  in  species  of  Ovidia  and  Phaleria. 

VIII.  According  to  Van  Tieghem  and  Supprian,  no  crystals  are  present  in  species 
of  Daphne,  Thymelaea,  Wikstroemia,  Stellera,  Viarthron,  Drapetes.  | 

Before  leaving  this  subject  it  may  be  added  that  in  the  tissues  of  young 
organs  of  Daphne  Laureola,  L.  peculiar  sphaerocrystalUne  bodies  appear  on 
the  addition  of  alcohol ;  they  have  been  invest^ated  by  Hansen  and  Baccarini. 

3.  Structure  of  the  Axis.  The  most  important  feature  is  the  intra- 
xylary  phloem,  which  has  been  demonstrated  by  Petersen,  Solereder,  Supprian, 
Van  Tieghem  and  Gilg  in  all  the  genera  with  the  exception  of  Drapetes.  Supprian 
and  Van  Tieghem  between  them  have  made  investigations  with  regard  to  this 
feature  in  species  of  almost  all  the  genera  of  Thymelaeaceae  given  by  Durand, 
as  well  as  Linodendron,  Lofhostoma  and  Enkleia ;  the  only  genera  in  whicb 
they  had  no  material  were  Schoenobiblos  and  GoodaUia,  For  these  two  genera 
also  I  am  able  to  record  the  occurrence  of  internal  soft  bast,  having  m]^self 
examined  Schoenohiblos  daphnddes.  Mart.  (Herb.  Monac.)  and  GoodaUia  guia- 
nensis,  Benth.  (Herb.  DC.) ;  this  tissue  is  also  present  in  the  new  genus 
Enderodendron,  Gilg.  A  few  remarks  may  be  made  on  the  exceptional  case 
of  Drapetes ;  the  species  (of  which  D.  Dieffenbackii,  D.  ericoides,  D.  LyaUii  and 
D.  muscosus  have  been  investigated)  have  a  moss-like  habit ;  on  the  evidence 
of  exomorphic  characters  Drapetes  is  a  true  member  of  the  Thymelaeaceae, 
in  spite  of  the  absence  of  intraxylary  phloem  and  of  other  anatomical  charac- 
ters, which  are  otherwise  of  general  occurrence  in  this  Order,  and  will  be  referred 
to  later.  This  is  not  the  place  for  entering  into  theoretical  speculations  as  to 
how  far  the  absence  of  these  anatomical  features  in  Drapetes  may  be  explained 
by  mode  of  life  and  habit. 

The  intraxylary  soft  bast  is  developed  in  varied  abundance.    Very  fre- 
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qaently  bast-fibres  are  present  at  the  inner  margin  of  this  tissue,  and  they  may 
also  be  embedded  in  it ;  in  the  latter  case  the  bast-fibres  often  have  a  similar 
distribution  to  those  in  the  outer  bast.  Not  imcommonly  an  increase  of  the 
intraxylary  phloem  takes  place  by  means  of  a  cambial  ring  appearing  at  the 
inner  margin  of  the  xylem-ring,  e.g.  in  species  of  Daphne  and  AquUaria. 
In  AquUaria  AgaUocha^  according  to  Van  Tieghem,  this  cambium  not  only 
produces  phloem  internallv»  but  also  woody  tissue  externally^  so  that  in 
this  plant  we  have  secondary  formation  of  inversely  orientated  medullary 
vascular  bundles. 

The  intrascylary  phloem,  unlike  the  same  tissue  in  other  Orders  in  which  it  occurs, 
is  to  be  found  m  the  petiole  and  the  midrib  of  the  leaf  only  in  a  certain  proportion 
of  the  genera  (Lamounette  and  Van  Tieghem).  According  to  Van  Tieghem,  the 
presence  or  absence  of  this  tissue  in  the  petiole  and  midrib  has  systematic  value 
lor  genera  and  sections  of  genera,  as  the  following  review  shows. 

Internal  soft  bast  ('  tubes  p^ridesmic^ues ')  is  not  present,  according  to  Van 
Tieghem,  in  the  vascular  system  of  the  petiole  and  midrib  of  the  leaf  in  the  following 
fi»Dera:  Pimelea  sections  EupimeUa,  Thecanthes  and  Gymnococca,  Schoenobiblos, 
Daphne  (excL  section  Eriosolena),  Ovidia,  Dirca,  Thymelaea,  Dais,  StelUra^  Arthro- 
sotin,  Diarthron,  Passerina,  Chymococca,  Cryptadenia,  Lachnaea,  Drapetes,  StrtUhiola, 
Gnidia,  Lasiosiphon,  Linostoma;  Dicranolepis  ;  Pseudais,  Peddiea.  Internal  phloem 
('  tubes  p^ridesmiques ')  is  raesent,  on  the  other  hand,  in|  the  following  genera 
and  sections  respectively:  Daphne  section  Eriosolena,  Ddphnopsis,  Lasiadeniay 
Edgeworthia,  Winstroemta,  Funifera,  Lagetta,  Lophostama^  Enkleia^  Synaptoiepis, 
Stephanodaphne,  Linodendron  ;  Leucosmia,  Phaleria;  AquUaria,  Gyrinopi,  Gyrin- 
opsis. 

The  pith  consists  of  hgnified  and  imlignified  cells.  Stone-cells  are  found 
in  the  species  of  DrapeUs^  Lasiosiphon,  Linostoma,  Lophostoma,  Pimelea,  SteUera 
and  Synaptolepis. 

llie  structure  of  the  wood  has  been  examined  in  almost  all  the  genera  of 
the  Order  by  Supprian,  and  by  me  in  the  investigations  mentioned  above. 
On  ttds  subject  the  following  statements  ma^  be  cited.  The  vessels  in  the 
secondary  wood  generally  form  groups  of  variable  size,  or  rarely  {Thymelaea 
villosa,  Endl.)  radial  rows.  Their  maximum  diameter  varies  between  -02  and 
•07  mm.  They  have  exclusively  simple  perforations,  and  there  are  bordered 
pits  on  their  walls,  even  on  those  in  contact  with  parenchyma.  Spiral  thickening 
of  the  walls  of  the  vessels  has  been  observed  in  species  of  Arthrosolen,  Dais, 
Daphne,  Daphnopsis,  Dirca,  Lachnaea,  Ovidia,  Passerina,  Pimelea,  SteUera  and 
Wihstroemia.  The  wood-parenchvma  is  usually  scantily  developed,  but  is 
somewhat  more  abundant,  and  takes  the  form  of  tangential  bands  in  Lagetta 
liniearia.  Lam.,  Dirca  pahtstHs,  L.  and  Pimelea  incana,  R.  Br.,  according  to 
Houlbert.  The  wood-prosenchyma  in  most  cases  has  wide  lumina  and  bor- 
dered pits.  The  borders  of  the  pits  may  be  small  or  large,  but  even  when  small 
they  are  distinct  in  section.  The  following  constitute  exceptions  as  regards 
the  pitting  of  the  wood-prosenchyma  :  Diarthron  vesiculosum,  C.  A.  Mey.,  in 
whidi  the  wood-prosenchyma  may  be  described  as  having  simple  pits.  Edge- 
warthia  chrysanUM,  Lindl.  with  wood-fibres  bearing  simple  (roundish)  and 
bordered  pits,  and  Lasiadenia  rupestris,  Benth.  with  short  prosenchymatous 
cells  having  wide  lumina  and  relatively  thin  walls,  which  are  provided  with 
simple  roundish  pits.  The  medullary  rays  consist  of  from  one  to  two  rows  of 
cells,  rarely  as  many  as  four. 

Interzylary  phloem  has  been  observed  in  six  c^enera,  namely  Linostoma, 
Lophostoma,  Synaptolepis,  Aquilaria^  (incl.  Aquuariella  and  Lachnolepis), 
Gyrinops  and  Gyrtnopsis.    This  feature  was  demonstrated  by  me  (1885  and 


*  The  intcrxylary  phloem  of  AquUaria  is  wrongly  interpreted  by  Moller  (1876). 
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1890)  in  Linostoma  decandrum,  Wall.\  Lophostoma  calophyUoides^  Meissn., 
L,  ovatum,  Meissn.,  Aquilaria  AgMocha^  Roxb.,  A,  grandiflorum^  Benth., 
A.  malaccensiSf  Lam.,  A.  microcarpOy  Baill.,  A.  Ophispermum^  Poir.  (?),  Gyrinops 
WaUa,  Gaertn.  and  Gyrinopsis  Cumingiana,  Decne.,  by  Van  Tieghem  in  SyfMp- 
tciepis  Kifkiiy  Oliv.,  AquUaria  Beccariana^  V.  T.,  AquUariMa  bomeensis,  V.  T. 
and  Lachnolepis  moluccana^  Miq.  The  origin  of  this  tissue  has  been  investigated 
in  Linostoma^  AquUaria^  Gyrinops  and  Gynnopsis,  and  in  these  it  is  produced 
internally  by  the  cambium  (Thouvenin,  Van  Tie^hem).  It  is  worthy  of  remark 
that  in  some  of  the  species  mentioned  (in  AquUaria  AgaUocha^  A.  nuUaccensis, 
and  A.  microcarpa,  Gyrinops  Walla ;  and  also  in  Lophostoma  calophylhideSy 
according  to  Van  Tieghem)  bast-fibres  occur  in  the  islands  of  soft  bast  in  the 
wood ;  diis  is  doubtless  connected  with  the  abundant  development  of  the  hard 
bast  in  this  Order,  for  islands  of  soft  bast  in  the  wood  do  not  require  any  me- 
chanical elements. 

In  the  structure  of  the  cortex  the  development  of  the  cork  is  specially 
characteristic.  The  cork-cambium  arises  either  in  the  epidermis  itself,  or  in 
the  outermost  cell-layer  of  the  primary  cortex.  Van  Tieghem  ascrib^  con- 
siderable systematic  importance  to  these  two  modes  of  origin,  as  is  evident  from 
the  following  summary ;  it  remains  to  be  determined  whether  this  view  is  really 
correct.  The  cork-cells  are  mostly  flat,  rarely  (Lachnaea  and  Cryptadenia, 
according  to  Van  Tieghem)  they  have  rather  wide  lumina.  They  have  uni- 
formly thickened  membranes. 

The  development  of  cork  in  the  epidermis  has  been  observed  by  Van  Tieghem 
in  the  genera  Daphne  (incl.  section  Eriosalena)^  Lasiadenia,  Dats^  Edgeworthia, 
Wikstroemiaf  StelUra  (section  Chantaestellera),  Arthrosol&n  laxus  («  Rhytidosolen, 
Van  Tiegh.),  Lagetta,  Drapetes  pnro  parte,  Gnidia  pro  parte  {Gnidiopsis,  Van  Tiegh.)^ 
Linostoma,  Lophostoma,  Enkl&ia,  Dicranolepis,  Synaptolepis,  Linodendron  ;  Leu- 
cosmia,  Phalerta,  Pseudais  ;  AquUaria  pro  parte,  Gyrinops,  Gyrinopsis. 

The  following  have  subepidermal  formation  of  cork,  according  to  Van  Heghem : 
Pimelea,  Ovidia,  Dirca,  Thymelaea,  Daphnopsis,  SteUera  (section  DendrostelUra), 
ArthrosoUn,  Diarthron,  Passerina,  Chymococca,  Funifera,  Cryptadenia,  Lachnaea, 
Drapetes  pro  parte  (Daphnobryon  ericoides),  Struthiola,  Gnidia  pro  parte,  Lasiosiphon, 
Stephanodaphne  ;  Peddiea  ;  Aquilaria  pro  parte  (Aquilariella,  Van  Tiegh.). 

The  primary  cortex  contains  strongly  developed  collenchymatous  tissue 
in  Dirca  (Supprian),  palisade-tissue  in  species  of  (rnidia  and  Thymelaea  (Van 
Tieghem).  In  a  transverse  section  the  groups  of  bast  belonging  to  the  vascular 
bundles  usually  become  narrower  outwards  in  the  form  of  a  wedge,  as  in  the 
lime,  the  primary  medullary  rays  between  them  being  correspondingly  widened. 
Primary  hard  bast  occurs  in  all,  secondary  hard  bast  in  almost  s3l  cases  (the 
only  exception  known  being  Drapetes).  The  bast-fibres  are  generally  developed 
in  abundimce,  and  are  visible  even  to  the  naked  eye  on  breaking  a  voung  branch, 
for  they  then  project  as  silky  fibres  at  the  broken  surface.  Their  arrange- 
ment in  the  secondary  bast  varies.  They  are  either  scattered,  or  form  den- 
dritic figures  in  the  transverse  section  of  the  branch,  or  they  give  rise  to 
a  concentric  stratification  into  hard  and  soft  bast.  As  regards  the  structure  of 
the  bast-fibres,  it  may  be  mentioned  that  the  degree  of  thickening  of  the  walls 
varies,  the  walls  may  be  lignified  or  unlignified,  frequently  no  pits  are  present, 
and  sc^tation  of  the  lumina  never  occurs.  Peculiar  swelling  in  the  bast- 
fibres  nave  been  observed  by  Wiesner  (Rohstoffe)  in  Lasiosiphon  speciosus, 
Decne.,  and  by  Supprian  in  Daphnopsis  Bonplandii,  Meissn.,  while  the  fibres 
were  found  by  Supprian  to  have  an  undulated  course  in  Peddiea  Fischeri^  Engl. 


'  LtMcstcma  scandeus,  Kura,  a  species  which  has  often  been  transferred  (Syn. :  EnkUia  maiac- 
censis,  Griff.,  Lasiosiphon  scandms,  £ndL  &c.),  does  not  possess  these  islands  of  soft  bast,  at  least 
not  in  branches  from  herlMriiun-material. 
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Appendix :   On  the  anomalous  genera  Octolepis  and  Gonysiylus. 

Gonystylus  has  been  split  into  three  genera  {Gonystylus^Asc^  rum  and  Amyxa) 
by  Van  Tieghem,  but  this  subdivision  is  unwarranted.  The  two  genera  Octolepis 
and  Gonystylus  agree  with  the  Thymelaeaceae  in  the  structure  of  the  bast,  the 
superficial  development  of  cork,  the  occiurence  of  simple,  unicellular  hairs,  and 
the  absence  of  glandular  hairs,  but  are  essentially  distinguished  from  them 
by  the  absence  of  the  intraxylary  phjoem  and  the  presence  of  cells  containing 
mucilage  in  the  parenchymatous  tissues  of  the  leaf  and  axis.  The  genus 
Gonystylus  is  especially  characterized  by  secretory  cavities,  which  are  apparently 
lysigenous,  and  sometimes  give  rise  to  transparent  dots  in  the  leaf. 

The  genus  Gonystylus,  in  which  I  was  the  first  to  observe  secretory  cavities  and 
the  absence  of  internal  soft  bast,  has  recently  been  raised  to  the  rank  of  a  separate 
Order,  the  Gonyst^laceae,  and  placed  near  the  Tiliaceae.  Radlkofer  and  Van 
Tieghem  have  likewise  investigated  it.  Van  Tieghem  also  had  the  opportunity  of 
examining  Octolepis  Casearia,  Oliv.  Of  Gonystylus  he  had  the  following  material 
at  his  disposal :  G,  Miquelianus,  Teysm.  et  Binn.,  G.  affinis,  Radlk.  (Syn. :  G.  Becca- 
nanus,  van  Tiegh.),  G.  borneensis  (Syn.:  Asclerum  horneense.  Van  Tiegh.)  and 
G,  pluricomisy  Radlk.  (Syn. :  Amyxa  kutdnensis,  Van  Tiegh.). 

The  following  statements  may  be  added  regarding  the  two  genera,  taking 
Gonystylus  first.  The  leaf-structure  is  bifacial.  Stomata  ate  only  found  on  the 
lower  side  of  the  leaf  ;  in  G.  affinis  they  are  surrounded  by  a  rosette  of  somewhat 
smaller  epidermal  cells.  The  epidermis  of  the  leathery  leaves  of  G.  Miquelianus 
and  G.  affinis  has  a  remarkable  structure ;  its  cells  are  elongated  towards  tne  meso- 
phyll  in  the  form  of  conical  proliferations  ;  some  of  these  ceUs  are  sclerosed  on  all 
sides,  the  remainder  have  mucilaginous  inner  walls.  In  G.  borneensis  the  mucila- 
ginous epidermal  cells  alone  are  present ;  in  G.  pluricomis  both  mucilaginous  and 
sderosea  epidermal  cells  are  absent.  Secretory  cavities  and  mucilage-cells  are  found 
in  the  mesophyll  of  all  the  species.  Oxalate  of  hme  is  excreted  in  the  form  of  clustered 
-crystals,  and,  in  the  axis,  also  in  the  form  of  solitary  cr3rstals  according  to  Moller. 
As  regards  the  structure  of  the  wood,  it  may  be  mentioned  that  the  perforations  of 
the  vessels  are  exclusively  simple,  and  that  the  wood-prosenchyma,  which  has  wide 
lumina,  is  provided  with  small  bordered  pits.  The  development  of  periderm  takes 
place  superficially,  in  the  epidermis  or  subepidermally  (Van  Tieghem).  In  the  axis 
the  secretory  cavities  are  found  in  the  primary  cortex,  the  mudlage-cells  in  the  pith 
and  primary  cortex. 

Octolepis  poQsesses  mudlage-cells  only  which  axe  found  in  the  pith  and  primary 
<X)rtex,  as  well  as  in  the  mesophyll,  and  has  no  secretory  cavities.  The  cork-cambium 
arises  in  the  epidermis  of  the  branch  in  this  plaat.  Oxalate  of  lime  is  found  in 
the  form  of  clustered  crystals. 

Literatnre :  Carael,  Foglie  della  Passerina  hirsuta,  Nnov.  Giom.  bot,  yoL  i,  1869,  pp.  194-5 
(there  cited  :  Pasqoalei  Eterofilla,  Diss.,  Napoli,  1867). — Radlkofer,  Monogr.  Serjania,  iS75>  P- 103. 
— ^Moller,  Holzanati  Denkschr.  Wiener  Akad,  1876,  pp.  39-43  and  335  et  seq. — De  Ba^,  Vergl. 
Anat,  1S77.— Moller,  Rindenanat ,  1882,  pp.  1 14-16. — Petersen,  in  Engler,  Bot  Jahrb.,  Bd.  ill,  1883,. 
pp.  364-5. — Bokomy,  Dorchs.  P.,  Flora  1883,  p.  359  and  sep.  copy,  p.  16. — Radlkofer,  in  Sitz.- 
Ber.  Miinch.  Akad.  1884,  p.  487  et  seq. — Solereder,  Holzstr.,  1885,  pp.  330-3. — Radlkofer,  Dnrehs. 
Ponkte  anf  Blattem  Sitz.-fier.  Miinch.  Akad.  1886,  pp.  338-30. — Baccarini,  Sferocristalli,  Malpighia, 
voL  ii,  1888-9,  pp.  13-15. — ^Lamoonette,  Liber  interne,  Ann.  sc»  nat.,  s^r.  7,  t.  zi,  1890,  pp.  374-5. — 
Solereder,  in  Ber.  deutstii  bot.  Gesellsch.  1890,  p.  (98)  note.— Cohn,  Lagetta  lintearia,  Jahresber. 
sdiles.  Gesellsch.  f.  vaterL  Koltur  1893,  Bot  Sdct,  p.  65. — Thonvenin,  Struct  des  Aquiiat  {0,^0x011, 
-de  Bot,  t  vi,  1893,  pp.  313-15.— A.  Wagner,  in  Sitz.-Ber.  Wiener  Akad.,  Bd.  d,  Abt  i,  1893, 
p.  515. — Van  Tiegh^,  Struct  des  Aquilarta,  Jonm.  de  Bot  1893,  pp.  317-iQ ;  Struct  et  aff.  des 
Th.  etc.,  Ann.  sc  nat.,  s^r.  7,  t.  xvii,  1893,  pp.  185-204  and  Tab.  ix ;  see  also  BnlL  Soc.  bot.  de  France 
i^3>  PP*  ^5-7^* — Houlbert  Bois  sec.  dans  les  Apetales,  Th^,  Paris,  1893,  pp.  83-91. — Snpprian, 
Beitr.  z.  Kemitn.  d.  Th.  etc.,  Diss.,  Berlin,  1894,  53  pp.  and  i  Tab.,  also  Engler,  Bot  Jahrb.,  Bd. 
xriii — Gilg,  Verwandtschaftsrerh.  d.  Thymelaeales  etc.,  Engler,  Bot.  Jahrb.,  Bd.  xviii,  1894,  pp. 
543-54,  and  inNatfirl.  Pflanzenfam.,  iii.  Teil,  Abt  6  a,  1894,  p.  317. — Gilg,  in  Natiirl.  Pflanzenfam., 
NachtT.  u.  R^.,  Telle  ii-iv,  1897,  p.  331. — Kuhla,  Phelloderm,  Bot  Centralbl.  1897,  iii,  p.  199.— 
J.  MoUer,  Lignum  Aloes,  Pharm.  Post  1897. 
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PENAEACEAE. 

This  small  Order,  which  is  generally  placed  in  the  neighbourhood  of  the 
Thymelaeaceae,  agrees  anatomically  with  the  latter  in  possessing  intraxylary 
soft  bast,  simple  perforations  in  the  vessels,  and  wood-prosenchyma  with 
typical  bordered  pits,  as  well  as  in  the  lack  of  internal  and  external  glands. 
It  is  distinguished  from  the  Thymelaeaceae  by  the  absence  of  hard  bast-fibres,, 
which  are  often  developed  in  such  abundance  in  that  Order.  The  stomata,. 
like  those  of  the  Thymelaeaceae,  have  no  special  subsidiary  cells.  Oxalate  of 
lime  is  excreted  exclusively  in  the  form  of  clustered  crystals.  The  thick  leaves 
contain  fibrous  cells,  which  run  irregularly  in  the  mesophyll,  and  are  of  two 
kinds,  bein£^  either  sderenchymatous  fibres  having  thick  walls  and  narrow 
lumina,  and  thus  serving  for  mechanical  purposes,  or  relatively  thin-walled 
fibres,  stiffened  by  means  of  a  spiral  band,  and  apparently  constituting  a  system 
for  water-supply  ;  one,  at  least,  of  these  two  forms  of  fibrous  cells  is  present 
in  every  memb^  of  the  Order  which  has  been  examined. 

The  structure  of  the  leaf  and  axis  is  known  in  detail  from  the  investigations 
of  Van  Tieghem  and  Supprian^  The  leaf-structure  is  either  bifacial  (species 
of  GUschrocoUa,  Endonetna,  and  Penaea^  with  a  tendency  to  centric  structure 
in  some  cases),  or  centric  with  palisade- tissue  on  both  sides  (species  of  SarcocoUa, 
Brachysiphon^  Stylapterus),  The  palisade-tissue  consists  of  short  cells ;  the 
spongy  tissue  is  composed  of  small  cells  and  is  never  very  lacunar.  The  epi- 
dermis of  the  leaf  invariably  consists  of  one  layer,  and  the  cells  are  firequentlv 
filled  with  brown,  tanniniferous  contents.  The  outer  wall  of  the  epidermal  cells 
is  thick ;  gelatinization  of  the  inner  wall  has  not  been  observed  in  any  species 
belon^g  to  this  Order.  The  cuticle  shows  reticulate  striation  in  some  cases, 
e.g.  Endonema  Thunbergii,  while  in  SarcocoUa  fucata  it  has  a  granular  structure 
(according  to  my  own  observations).  In  Endonema  tetzioides  the  cuticle  forms 
well-marked  external  pegs,  situated  centrally  to  the  surface  of  the  outer  walls  of 
the  epidermal  cells  (Supprian).  The  stomata  are  either  found  on  both  surfaces 
of  the  leaf  (in  species  of  SarcocoUa^  Brachysifhon,  'Stylapterus^  as  well  as  in 
Penaea  Cneorum  and  P.  acidifolia)^  or  only  on  uie  lower  surface  (in  most  species 
of  Penaea^  and  in  GlischrocoUa  and  Endonema),  As  I  have  be^en  able  to  con- 
vince  myself  in  Penaea  myrtotdes,  SarcocoUa  fucata  and  Endonema  Thunbergiiy 
the  stomata  are  not  accompanied  by  any  special  subsidiary  cells,  but  are  sur- 
rounded by  a  vanning  number  of  ordinary  epidermal  cells.  We  must  not  omit  to 
mention  the  peculiar  peg-like  processes  which  project  into  the  cavities  of  the  cells 
adjoining  the  stomata  in  SarcocoUa  fucata^  and  especially  in  Penaea  myrtoides  (Fig. 
175,-4) ;  they  sprmg  from  the  vertical  cell-walls  bordering  on  the  uppermost 
portion  of  the  respiratory  cavity  ;  their  function  has  not  been  determined.  The 
occurrence  in  the  mesophyll  of  the  two  forms  of  fibrous  cells  (Fig.  175,  B), 
referred  to  above,  is  very  characteristic  of  the  Order.  Both  forms  are  branched 
and  run  irregularly  through  the  mesophyll.  On  reaching  the  upper  and  lower 
epidermis  the  sderenchymatous  fibres  very  frequently  spread  out  in  con- 
siderable numb^:^,  paraUel  to  the  surface  of  the  leaf,  between  the  epidermis 
and  paUsade-parenchyma.  The  spirally  thickened  fibrous  cells,  on  the  other 
hand,  mostly  become  enlarged  and  terminate  in  contact  with  the  epidermis. 

^  The  following  is  an  ennmeratioo  of  the  species  investigated  by  Van  Tieghem,  the  nonyeodattue 
being  that  of  DC.  Frodr. :  Penaea  acuHfolia,  P,  Cnecrum,  P.  mucrontUa^  P,  ft^aides^  P.  avata  ; 
Stylapterus  fruticulosus  ;  SarcocoUa  formosay  S,  fucata^  S.  squamosa  ;  Brcukysiphon  acutus^  B. 
imMcatus,  P,  spea'osus ;  Endonema  rettioidesy  £.  Tkunber^'i ;  Glischrocolla  Lessertiana,  The 
species  examined  by  Snpprian  are  included  in  this  list.  I  have  myself  made  a  casual  examination 
of  the  structure  of  the  wood  in  all  the  species  just  cited  with  the  exception  of  S,  squamosa^  and  also 
in,  Penaea  myrtifolia^  Stylapterus  harhatus  and  S.  ericoides^  SarcocoUa  minor  and  Brachysiphon 
ericaejoliue^ 
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Van  Tieghem  states  that  both  kinds  of  fibrous  cells  occur  in  the  species  of  Penaea, 
SarcocoUa  and  Endonema,  those  with  spiral  thickening  alone  are  found  in 
GlischrocoUa  and  Sfytafkrus^  and  the  sclerenchymatous  tjrpe  alone  in  Brachy- 
siphon.  The  only  crystalline  elements  occurring  in  the  leaf  are  clustered 
ciystals.  Trichomes  are  very  rare  in  the  Order ;  such  as  are  present  being 
short,  simple,  imicellular  hairs  (stem  of  Penaea  mucronata). 

In  the  structure  of  the  axis,  the  first  feature  to  be  described  is  the  intra- 
xylary  phloem,  which  I  was  the  first  to  demonstrate  in  this  Order  (in  1885).  None 
of  the  species  are  without  intraxylary  phloem,  which,  together  with  the  pith, 
generally  forms  a  mass  of  tissue  of  rhombic  shape  in  a  transverse  section  01  the 
branch.  Whilst  the  internal  phloem  in  the  aUied  Order  Thymelaeaceae  is 
almost  always  provided  with  hard  bast-fibres,  these  elements  are  not  present 
in  the  Penaeaceae.  Only  in  rare  cases  (Penaea  mucronaia^  L.  /3  microphyUa, 
Eckl.)  are  a  few  sclerenchymatous  rod-cells  developed  at  its  inner  margin.  In 
all  cases  the  structure  of  the  wood  shows  the  characters  which  I  previously 
indicated  as  markmg  the  Penaeaceae,  though  the  material  then  examined  was 
very  limited.     The  medullary  rays  are  invariably  narrow  (1-2  seriate),  and 


Pig.  175.     A,  Sorface-Tiew  of  the  epidermis  on  the  lower  side  of  the  leaf  of  Ptmua  myrA)idu.  L.  f.,  seen 
from  within.    B,  Transverse  section  thixmgh  the  leaf  of  Pnuua  mucrofuUa.—A  Oripnal,  B  after  Van  Tieghem. 

consist  of  cells,  which  are  sometimes  considerably  elongated  in  the  vertical 
direction.  The  vessels  have  small  lumina  (maximum  diameter  =»  -022—04  mm.), 
and  are  either  isolated  or  arranged  in  groups.  The  perforations  are  exclusively 
simple,  and  the  walls  of  the  vessels  b^  bordered  pits,  even  where  they  are  in 
contact  with  parenchyma.  The  wood-parenchj^a  is  scantily  developed.  The 
wood-prosenchyma  has  typical  bordered  pits  on  its  walls,  which  are  usuallyrather 
thick.  The  cells  of  the  pith  have,  for  the  most  part,  unlignified  walls,  and  are 
frequently  collenchymatous ;  scattered  stone-cells  in  the  pith  are  not  uncontmion. 
The  primary  cortex  usually  shows  collenchymatous  differentiation,  and,  like 
the  pith,  now  and  then  includes  stone-cells.  The  inner  limit  of  the  primary 
cortex  is  sometimes  {Penaea  mucronata^  according  to  Van  Tieghem)  formed  by 
a  large-celled  endodermis  provided  with  Caspary's  dots.  Bast-fibres  are  not 
present  in  the  pericycle  nor  in  the  secondary  bast.  Rod-cells  are  sometimes 
developed  in  place  of  them,  e.g.  in  the  pericycle  of  GlischrocoUa  Lessertiana  or 
in  the  secondary  bast  of  Brachysiphon  actdus.  The  bast,  which  is  often  collen- 
chymatous, generally  includes  chambered  fibres  with  clustered  crystals.  The 
development  of  cork  takes  place  in  the  pericycle  *  in  Penaea  mucronata^  according 
to  Van  Tieghem's  and  my  own  observations.  The  cork  is  generally;  composed  of 
two  kinds  of  cells,  which  sometimes  form  alternating  layers,  viz.  cells  with 
thin  wails  and  wide  lumina,  and  others  with  thickened  walls  and  having  wide 
lumina  or  a  tabular  form.     We  may  add  that  in  Endonema  retzioides  and 


1  Sitpprian*8  statement,  that  the  fonnation  of  cork  takes  place  in  the  snbepidennal  layer  of  cells 
m  '  all  fpedes,'  does  not  agree  with  this. 

3  A  2 


Digitized  by 


Google 


734  PENAEACEAE 

E.  Thunbergii  small  vascular  bundles  run  in  the  four  corners  of  the  stem  and 
bend  out  into  the  leaf  at  the  node  (Van  Tieghem). 

Appendix :    On  the  anomalous  genus  Geissdoma,  LindL 

The  monotypic  genus  Geissoloma  (with  G,  mafginahmt^  Kth. ),  placed  by  Bentham 
and  Hooker  at  uie  end  of  the  Penaeaceae  as  a  genus  anomalum,  is  probably  best 
r^arded  as  a  separate  Order  in  accordance  with  tiie  views  expressed  by  Sonder  and 
A.  de  Candolle,  since  it  is  essentially  distinguished  from  the  Penaeaceae  b^  its  endo- 
morphic  as  well  as  its  exomorphic  characters.  Thus  Geissoloma  has  no  mcoUateral 
vascular  bundles,  but  has  scal£uif orm  perforations  with  many  bars  in  the  vessels,  and 
a  composite  and  continuous  sclerenchymatous  ring  in  the  pericycle  of  the  axis.  In 
the  pitting  of  the  wood-prosenchyma,  which  is  bordered,  this  genus  agrees  with  the 
Penaeaceae,  as  also  in  the  lack  of  external  and  internal  glands.  On  tibie  other  hand 
the  sclerenchyma-fibres  present  in  the  Penaeaceae  are  entirely  absent  in  the  leaf  of 
Geissoloma.  Oxalate  of  ume  is  excreted  in  the  form  of  soUtary  and  clustered  crystals. 
The  trichomes,  which  occur  on  the  stem,  are  simple  and  unicellular. 

Van  Tieghem  and  Supprian  investi^ted  the  leaf  and  axis  of  the  genus  Geissoloma; 
I  had  only  an  opportumt^  of  examimnfi"  the  axis.  The  following  statements  re- 
garding the  anatomy  of  this  genus  may  be  added  to  those  given  above.  The  leaf 
has  bifacial  structure.  The  stomata  are  only  found  on  the  lower  surface  of  the  leaL 
Both  the  upper  and  lower  epidermis  include  numerous  mucilaginous  cells.  The 
epidermal  ceUs  on  the  upper  side  of  the  leaf  have  strongly  thickened  outer  walls  and 
weU-marked  cutictdar  pegs.  The  peculiar  thickened  and  raised  margin  of  the  leaf  is 
formed  by  higher  epidermal  cells,  tnickened  on  all  sides.  In  the  mesophyll  clustered 
crystals  are  present,  according  to  Van  Tieghem.  The  pith  consists  of  ugnified  and 
pitted  cells.  The  medullary  rays  are  1-3  cem  thick,  and  are  formed  by  cells  which  are 
more  or  less  strongly  elongated  in  the  vertical  direction.  The  vessels  are  scattered, 
and  have  small  lumma  (mean  diameter  »  025  mm.) ;  their  walls  for  the  most  part 
bear  large  simple  pits  where  they  are  in  contact  with  medullary  ray-parenchyma.  In 
the  primary  cortex,  stone-cells  with  wide  lumina  and  clustered,  and  solitary  crystals 
have  been  observed  ;  in  the  bast  solitary  crystals  are  found.  The  development  of 
cork  takes  place  in  the  outermost  cell-layer  of  the  primary  cortex  ;  the  cork-cells 
have  fairly  wide  lumina. 

Litenture :  Solereder,  Holzstr.,  1885,  p.  233.— Van  Tieghem,  Snr  les  Thym^laeacto  et  les  P., 
Ann.  sc.  nat.,  sAr.  7,  t.  xvii,  i8j3,  pp.  277-88.— Supprian,  Kcnntn.  d.  Thymelaeac.  u.  P.,  Diss., 
Berlin,  189^,  pp.  35-9,  also,  in  £ngler,  Bot  Jahrb.,  £td.  xviii. — Gilg,  in  NatiirL  Pflansen£un.,  ilL 
Teil,  Abt.  oa,  1894,  pp.  206  and  209. 


ELAEAGNACEAE. 

This  Order,  which  is  generally  placed  near  the  Thjmielaeaceae,  is  charac- 
terized by  the  following  features  :  the  absence  of  intraxylary  soft  bast ;  the 
presence  of  simple  perforations  in  the  vessels,  and  of  wood-prosenchyma  bearing 
bordered  pits;  the  superficial  development  of  the  cork;  the  occurrence  of  groups  of 
sderenchymatous  fibres  in  the  pericycle  and  secondary  bast ;  the  lack  of  a  special 
type  of  stoma ;  the  nature  of  the  hairy  covering,  which  consists  of  peltate  and 
stellate  hairs  ;  and  the  excretion  of  oxalate  of  lime  exclusively  in  the  form  of 
small  acicular  crystals. 

The  structure  of  the  leaf  and  axis  has  been  examined  in  species  of  aU  three 
genera.  The  leaves  are  either  typically  bifacial  (Shepherdia  canadensis^  Nutt.),  or 
tend  towards  centric  structure,  the  lowest  cell-layer  of  the  spongy  tissue  being,  in 
the  latter  case,  differentiated  more  or  less  like  palisade  {Htfpaphai'  rhamnmdes^ 
L.,  Elaeagnus  angusHfolia^  L.).  Hypoderm  has  been  met  with  on  the  upper  side 
of  the  leaf  in  Elaeagnus  reflexa  (Lalanne).  The  stomata,  which  are  surrounded 
by  a  varjdng  numbsr  of  ordinary  epidermal  cells,  are  only  found  on  the  lower 
surface  of  the  leaf.  The  vascular  bundles  of  the  veins  are  not  accomj^anied  by 
:sclerenchyma.    The  covering  of  stellate  and  peltate  hairs  is  found  in  all  the 
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species.  The  peltate  hairs  consist  of  a  large  number  of  narrow  ray-cells»  which 
have  relatively  thin  walls  and  wide  lumina^  and  do  not  all  reach  the  centre  of  the 
shield ;  the  ends  of  the  ray-cells  are  free  at  the  margin  of  the  shield  and  taper  to 
a  point .  In  Elaeagnus  onenUdiSy  L.  and  £.  pungens,  Thmib.  an  additional  tuft  of 
rays  is  inserted  centrallyon  the  upper  side  of  the  shield  (O.  Bachmann).  Thestalk 
of  the  peltate  and  stellate  hairs  (these  two  types  being  connected  by  transitional 
forms)  is  of  very  varied  length.  The  long  stalks  of  the  hairs  of  Shepherdia 
canadensis  are  multiseriate,  and  consist  of  rather  long  cells,  replaced  immediately 
beneath  the  terminal  portion  of  the  hair  by  short  cells  with  yellow  v^dls ;  in 
Hippaphai  rhamnoides  (Fig.  176)  and  Elaeagnus  angasti folia,  on  the  other  hand, 
the  hairs  have  a  short  stalk,  composed  of  a  single  layer  of  short  cells  with  thick, 
yellow  walls,  and  giving  rise  to  a  false  lower  scale,  when  seen  in  a  surface-view  of 
the  hair»  Tlie  mode  of  excretion  of  oxalate  of  lime  in  this  Order  is  very  charac- 
teristic. Clustered  or  solitary  crystals  have  not  been  observed  either  in  the 
leaf  or  in  the  axis.  In  all  cases  only  small  acicular  crystals  are  present ;  they 
maybe  long  or  short,  in  the  latter  case  sometimes  almost  resembling  crystal-sand ; 
several  of  them  invariably  occur  in  the  same  cell.  In  the  leaf  they  are  found 
in  the  epidermis  and  mesophyll,  while 
in  the  axis  they  occur  in  uie  pith  and 
primary  cortex. 

Some  further  information  regard- 
ing the  structure  of  the  wood  and 
cortex  may  be  added.  The  medul- 
lary rays  of  the  wood  are  from  one 
to  two  cells  broad  in  Hippophai  and 
Shepherdia ;  as  much  as  four  cells  in 
breadth  in  Elaeagnus.  The  vessels 
attain  diameters  of  -15  mm.  {Elae- 
agnus angusiifolia)  and  -075  nun. 
{Hipfophai  rhamnoides),  and  are  pro- 
vided with  bordered  pits,  even  where 
they  are  in  contact  with  parenchyma 
of  the  medidlary  Toys.  The  wood- 
parenchyma  is  scantily  developed  ; 
the  wood-prosenchyma  *  is  invariably 
covered  with  distinct  bordered  pits^ 
and  has  more  or  less  thickened  walls.  The  cork  arises  in  the  epidermis  in 
Elaeagnus  angusiifolia^  and  subepidermaUy  in  Hippophai  rhamnoides  (Douliot) ; 
it  consists  of  somewhat  flattened  cells  with  wide  lumina  and  thin  walls.  The 
primary  cortex  is  composed  of  loosely  imited  cells,  and  even  in  late  stages 
shows  no  signs  of  sclerosis.  With  r^ard  to  the  structure  of  the  bast,  MoUer 
points  out  that  in  Hippophai  the  bundles  of  secondary  hard  bast  are  irregularly 
arranged^  while  the  medullary  rays  are  narrow  (one  or  two  cells  broad),  and  at 
some  points  become  sclerosed  between  the  bundles  of  hard  bast ;  this  differs 
from  what  is  found  in  Elaeagnus,  where  the  hard  bast,  owing  to  its  regular 
arrangement,  gives  rise  to  stratification  of  the  secondary  bast,  while  the  me- 
dulbry  rays  are  mostly  broad  and  remain  thin-waUed. 

In  Elaeagnus  and  Hippophai,  according  to  Mentovich,  the  pith  is  hetero- 
geneous,  and  consists  of  a  peripheral  portion,  in  which  the  cells  are  smaUer, 
have  thicker  walls,  and  are  active,  and  a  central  cylindrical  portion,  in  which 
the  cells  contain  no  starchy  and,  after  the  lapse  of  a  year,  are  empty. 


Fig.  1 76.    Peltate  hair  oi Hippophai  rkamnoitUs^  L. 
Dclow.— C 


seen  from 


-OriginaL 


*  In  the  wood-prosenchyma  of  H.  rhamnoides  (which  here  has  bordered  pits),  Sanio  obsenred 
oocanonal  thickeningt  of  the  walls,  projecting  into  the  cavities  in  the  form  of  blont  cylindrical  pegs,  6r 
beams,  eztendiiig  transrenely  from  one  side  to  the  other,  as  in  the  tracheides  of  Pinus  sthnstris,  &c. 
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Uteimtme  :  Ranter,  Trichomgeb.,  Denksdir.  Wkner  Akad.  1871,  sep.  copy,  pp.  7--8  and  Tab. 
i-ii— Mdller,  Holzanat.,  DcDkachr.  Wiener  Akad.  1876,  p.  4a  and  358.— De  Barj,  VergL  Anat, 
1877. — ^MoUer,  Rindenanat,  188a,  pp.  116-19. — Mentovich,  Mark,  Klaasenbnrg,  1885;  see  Jnst 
1885,  i,  p.  788.— Soleieder,  Holcstr.,  1885,  p.  a34.— O.  Bachmann,  Schildh.,  Flora  1886,  tep.  copy, 
p.  17. — ^Donliot,  in  Ann.  sc  nat,  s^r.  7,  t  x,  1889,  p.  333. — Lalanne,  FenUles  penbt.,  Actes  Soic. 
linn.  Bordeaux,  s^r.  5,  t.  !▼,  1890,  p.  loi  and  PI.  vi. — Gilg,  in  NatiirL  Pflantenfam.,  !▼.  Tdl,  Abt 
3  a,  1894,  pp.  346-7. 

LORANTHACEAE. 

1.  Review  of  the  Anatomical  Features.  According  to  existing  investi- 
gations the  following  anatomical  characters  should  be  kept  in  view  for  the  dia- 
gnosis of  the  Order :  the  tj^  of  stoma,  the  subsidiary  cells  being  placed  parallel 
to  the  pore ;  the  position  of  the  stomata  on  the  branch,  the  stomata  being 
arranged  transversely  or  somewhat  obliquely  to  the  longitudinal  axis ;  the 
simple  perforations  of  the  vessels ;  the  isolated  groups  of  bast-fibres  in  the 
pencycle ;  the  absence  of  secondary  hard  bast ;  the  superficial  development  of 
cork  ;  the  absence  of  glandular  hairs.  The  medullary  ravs  of  the  wood  vary  in 
breadth ;  the  wood-prosenchyma  generally  (exception  Viscum)  bears  bordered 
pits.  Oxalate  of  lime  is  excreted  in  the  form  of  ordinary  solitary  and  clustered 
crjrstals.  The  hairy  covering  (Fig.  177,  B-E)  in  Loranthus  consists  of  (a) 
uniseriate  trichomes,  in  which  each  of  the  cells,  with  the  exception  of  the  ter- 
minal cell,  is  produced  at  its  upper  extremity  into  a  lateral  protrusion,  and  (&) 
candelabra-luurs,  the  tiers  of  which  are  unicellular ;  from  ansdogy  the  stellate 
and  peltate  hairs,  mentioned  by  Engler  as  occurring  in  species  of  LoratUhus^ 
probably  have  a  unicellular  ray-portion  and  shield  respectively.  The  following 
special  anatomical  features  have  been  shown  to  occur  in  this  Ch*der  :  cork-warts 
on  the  lower  side  of  the  leaf  in  Loranthus  pundatus^  R.  et  P. ;  branched  or 
imbranched  stone-cells  occurring  in  the  tissue  of  the  leaf  and  cortex  in  many 
members  of  the  Order  and  enclosing  solitary  crystals  (Fig.  177,  A) ;  frequently 
swollen  tracheae  in  the  terminations  of  the  veins;  silicified  groups  of  cells  in  the 
leaf-tissue  in  certain  species  ;  lysigenous  mucilage-canals  in  the  pith  and  bast  of 
the  axis  in  Nuytsia  ;  groups  of  sderench5miatous  fibres  at  the  inner  margin  of 
the  larger  vascular  bundles  in  some  Loranthaceae  ;  anomalous  structure  of  the 
axis  in  Nuytsia  floribunda^  R.  Br.,  consisting  in  the  occurrence  of  soft  bast- 
tissue  in  the  xylem. 

2.  Structure  of  the  Leaf.  The  leaf-structure  varies ;  it  is  sometimes 
tjrpically  bifacial,  e.g.  in  Loranthus  punctatus^  R.  et  P.,  sometimes  typically  centric 
with  palisade-tissue  on  both  sides  of  the  leaf,  whilst  the  mesophyU  of  Tupeia 
pubigera^  Miq.  or  Loranthus  europaeus^  Jacq.  is  composed  solely  of  isodiametric 
cells.  In  Viscum  alburn^  L.,  the  leaves  of  which  are  biennial,  the  mesophyU 
consists  of  isodiametric  cells  during  the  first  year  ;  in  the  second  year,  however, 
the  layers  of  cells  lying  beneath  the  upper  and  lower  epidermis  become  elongated 
like  a  palisade,  and  a  simultaneous  increase  in  the  niunber  of  chloroplasts  takes 
place,  so  that  the  leaf-structure  becomes  centric.  The  stomata,  as  far  as  is 
known  (in  Arceuihobium,  Antidaphne,  Lepidoceras,  Nuytsia,  Tupeia,  Viscum)^ 
are  accompanied  by  subsidiary  cells,  placed  parallel  to  the  pore,  only  a  single 
subsidiary  cell  being,  as  a  rule,  found  on  either  side  of  the  pair  of  guard-cells  ; 
in  rare  cases  there  are  several.  In  leaves  with  centric  or  homogeneous  structure 
.  the  stomata  occur  on  both  surfaces,  being  present  in  smaller  niunbers  on  the  upper 
•side  ;  in  the  bifacial  leaves  of  Loranthus  punctatus  they  are  only  found  on  the 
lower  side,  but  here  they  occur  in  large  numbers.  The  arrangement  of  the 
stomata  with  reference  to  one  another  is  usually  irregular ;  in  Nuytsia  ftoribunda 
alone  the  stomata  are  placed  transversely  to  the  longitudinal  axis  of  the  leaf. 
On  the  branches  of  Antidaphne,  Arceuthobium^  Lepidoceras^  Loranthus^  Nuytsia 
and  Viscum.  the  stomata  exhibit  a  similar  orientation^  i.e.  they  are  arranged 
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transversely  to  the  longitudinal  axis  of  the  branch  (Chatin).  The  outer  walls 
of  the  cells  in  the  epidermis  of  the  leaf  as  well  as  in  that  of  the  branch  are  dis- 
tinguished by  their  considerable  thickness  in  all  the  species  investigated.  I 
have  not  observed  gelatinization  of  the  epidermis  of  the  leaf  in  anvcase^not  even 
in  Nuytsia  floribunda^  where  it  is  stated  to  occur  by  Van  lieghem.  The 
mechanical  system  in  the  veins  of  the  leaf  is  developed  in  various  ways.  In 
LorafUhus  punctatus  it  consists  of  strongly  developed  arcs  of  sclerenchjnnatous 
fibres,  whilst  in  Viscum  album,  LoratUhus  europaeus,  Tupeia  pubigera,  &c.»  an 
arc  of  collenchjnna  is  associated  with  the  vascular  system  of  the  kirger  veins ; 
this  collench}mia  may  in  some  cases  (Viscum  album)  subse^iuently  become 
sderosed.  The  occurrence  of  enlarged  terminal  tracheides  (e.g.  in  Viscum  album, 
Loranthus  europaeus,  &c.),  or  of  independent  storage-trabheides  in  the  mesophyll 
(Laranthus  puruiaius)  is  very  common.  Similar  water-reservoirs  are  sonietimes 
found  in  the  form  of  special  systems  of  tracheae,  accompan3dng  the  vascular 
bundles  of  the  veins,  e.g.  in  Nuytsia  floribunda  and  species  of  Loranthus  belonging 
to  the  section  Gaiadendron,  according  to  Van  Tieghem. 

Special  features  in  the  mesophyll  are  silicified  groups  of  cells  and  groups  of 
stone-cells  with  crystalline  inclusions  ;  the  latter  have  aJso  been  met  with  in  the 
cortex.  The  silicified  groups  of  cells  in  Loranthus  europaeus  were  erroneously 
dttcribed  by  Marktanner-Tumeretscher  as  groups  of  mucilage  cells ',  and  their 
true  nature  has  only  recently  been  recognized  by  Ravn  ;  they  consist  of  a  vary- 
ing number  of  cells,  which  when  numerous  are  often  united  in  the  form  of  a  sphere; 
the  contiguous  walls  of  these  cells  are  considerably  thickened,  stratified  and 
silicified,  or  they  possess  siUcified  protuberances  resembling  cj^toliths,  which 
project  convexly  mto  the  lumina  of  the  cells  and  are  sometimes  stratified. 
These  silicified  cell-groups  occur  principally  in  connexion  with  the  vascular 
bundles,  and  have  been  observed  in  the  following  species,  according  to  Ravn  : 
Loranthus  europaeus,  Phoradendron  emarginatum.  Mart.,  P.  rubrum,  Griseb., 
StachyphyUum  Fendleri,  V.  Tiegh.,  Tupeia  antarctica,  Ch.  et  Schl.,  Viscum  album 
and  V.  articulatum,  Burm.  Groups  of  stone-cells  appear  to  be  widely  distributed 
in  this  Order,  so  far  as  one  can  judge  from  Van  Tieghem's  investigations,  which 
are  not  yet  completed.  They  are  found,  for  example,  in  the  tissue  of  the  leaf, 
and  in  the  pith  and  cortex  of  Loranthus  europaeus  (Mentovich,  Marktanner- 
Tumeretscher),  and,  according  to  my  own  observations,  in  the  leaves  of  L.  fer- 
rugineus,  Roxb.  (Rg.  177,  ^4)  and  L,  punctatus,  R.  et  P.,  and  in  the  cortex  of 
Tupeia  pubigera.  These  stone-cells  are  mostly  branched,  and  ultimately  become 
thickened  to  such  an  extent  that  only  one  or  more  peripheral  portions  of  the 
himen  remain  ;  these  are  filled  by  solitary  crystals.  In  the  leaf,  stone-cells  not 
only  accompany  the  vascular  bundles  of  the  veins,  but  are  also  found  free  in 
the  mesophyll  (Loranthus  ferrugineus). 

The  simplest  forms  of  trichomas  are  uniseriate  clothing  hairs,  in  which  the 
upper  ends  of  the  cells  are  produced  into  lateral  processes  directed  towards  the 
apex  of  the  hair  (Loranthus  rufescens,  DC,  Fig.  177,  B),  Candelabra-hairs  with 
unicellular  tiers  are  found  in  the  species  of  Loranthus  belonging  to  the  section 
CicUanthus  (e.g.  L.  ferrugineus,  L,  ScuruUa,  L.  var.  obtecta,  Kurz,  L.  le^ndotus, 
Bl.,  &c.),  and,  according  to  Engler,  also  in  Notothixos.  These  hairs  (Fig.  177, 
C-£>)  consist  of  a  row  of  short,  and  somewhat  ventricose,  thin-walled  cells,  in 
which  the  wall  is  protruded,  in  a  horizontal  plane  at  the  middle  of  each  cell,  into 
four  or  more  rays  ;  the  horizontal  walls,  separating  the  individual  tiers  of  the 
ttichome,  are  pitted.  The  trichomes  found  in  the  floral  region  of  Loranthus 
rufescens,  DC.  (Fig.  177,  E)  have  a  structure  similar  to  that  of  the  candelabra- 
liteurs.    The  peltate  and  stellate  hairs,  mentioned  by  Engler  as  occurring  in 


>  Marktaniier-Tiimeret8cher*s  incorrect  interpretation  reappears  in  Haberlandt's  Pbys.  Pflanzen- 
ioat.,  2Dd  €d,,  18^,  p.  353  and  fig.  1 46. 
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species  of  Laranihus  (the  former,  for  example,  in  L.  Sayauxii^  Engl.,  the  latter 
in  L.  taborensis,  Engl.),  may  be  assumed  from  snslogy  to  possess  a  unicellular 
shield  and  ray-portion  respectively. 

The  only  internal  secretory  organs  found  in  this  Order  are  mucilage-canals» 
which  occm:  in  Nuytsia  flaribunda,  R.  Br.  They  appear  in  the  pith,  and  in 
later  stages  in  the  bast ;  the  pith  contains  a  central  mucilage-canal,  and  others 


FlO.  177.  A,  Portion  of  a 
transverse  section  of  the  leaf 
of  Lormnthu9  ftrruginms^ 
Roxb.  B-B,  Trichomes :  B  and 
B,  L.  rufucens^  DC.;  c  and 
D,  ^.yirrrw/xiMftf.— Original. 


which  are  peripheral,  and  situated  opposite  the  larger  vascular  bundles.  The 
peripheral  canals  pass  out  into  the  midrib  of  the  leaf  with  the  vascular  bundles, 
retaming  their  position  on  the  upper  side  of  the  latter ;  they  do  not  appear  to 
undergo  any  further  branching,  but  become  considerably  swollen  at  certain 
points.  The  mucilage-canals  of  Nuytsia  are  provided  with  an  epithelium  of 
several  layers,  but  are  nevertheless  of  lysigenous  origin  ;  in  the  leaf  the  middle 
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lamellae  of  the  gelatinized  cells,  which  form  the  canal,  can  still  be  clearly 
recognized. 

3.  Structure  of  the  Axis.  The  axis,  excepting  that  of  Nuytsia,  has 
normal  structure.  The  formation  of  cork  generally  (Loranthus,  Nuytsia^  Tupeia) 
takes  place  superficially,  whilst  in  Viscum,  as  is  well  known,  no  cork  is  produced. 
The  primary  cortex  is  frequently  {Nuytsia^  Viscum)  developed  as  assimilatory 
tissue,  and  its  outer  portion  contains  paUsade-parenchyma  m  Nuytsia,  Stone- 
ceDs  are  not  uncommonly  present  in  the  primary  cortex  (Loranthus,  Tupeia,  Vis- 
cum), their  Imnina  in  some  cases  containing  sohtary  crystals.  Isolated  groups  of 
hard  bast  are  found  in  the  pericycle  in  the  species  of  Antidaphne,  Arceuthohium, 
Gaiadendron,  LepidocetaSy  Loranthus,  Nuytsia,  Tupeia  and  Viscum,  which  have 
been  investigated.  No  secondary  hard  bast  is  formed.  The  structure  of  the 
wood  has  been  examined  in  Viscum  album,  L.,  Loranthus  pentapetalus,  Roxb., 
L.europaeus,  Jacq.,  Tupeia  pubigera,  Miq.  and  Nuytsia  ftortbunda,  R.  Br.  The 
breadth  of  the  medullary  rays  varies  even  within  the  genus  Loranthus,  L.  euro- 
paeus  having  very  broad  rays,  while  those  of  L.  pentapetalus  are  only  from  one 
to  three  cells  in  breadth.  Engler  mentions  medullary  rays  which  are  only  1-3 
cells  thick  as  occurring  in  most  species  of  Loranthus,  Phthirusa,  Struthanthus, 
Pkry^ilanthus  and  Lepidoceras,  and  multiseriate  medullary  TBys  as  present  in 
certam  species  of  Viscum  and  Loranthus.  As  in  the  case  of  the  breadth  of  the 
medullary  rays,  variation  also  occiu^  in  the  arrangement  of  the  vessels,  the  size 
of  their  liunina,  and  their  abundance.  In  Viscum  album,  for  example,  the  vessels 
are  very  numerous,  have  small  Imnina  (maximimi  diameter  =  .035  mm.),  and 
resemble  tracheids ;  in  Loranthus  europaeus  spirally  thickened,  pitted  vessels 
with  narrow  lumina  are  accompanied  by  others  with  somewhat  wider  lumina 
(diameter  reaching  -045  mm.).  The  perforations  of  the  vessels  are  invariably 
simple.  Wood-parenchyma  is  rather  abundantly  developed.  The  wood-prosen- 
chyma  bears  bordered  pits  in  Loranthus,  Tupeia  and  Kuytsia,  while  in  Viscum 
it  is  scantily  developed  and  sclerenchymatous,  and  has  simple  pits.  At  the 
inner  margins  of  the  bundles  of  primary  xylem  massive  groups  of  sclerenchy- 
matous fibres,  resembling  hard  bast,  sometimes  occm:  (Viscum  album ;  AnH- 
daphne  viscoidea,  according  to  Chatm ;  Nuytsia  floribunda,  according  to  Van 
Tieghem ;  Phoradendron,  according  to  Engler). 

The  pith  consists  of  collenchymatous  cells  in  Viscum  album  and  in  the  young 
branches  of  Loranthus  europaeus  ;  the  cells  become  lignified  in  older  branches  of 
Loranthus  (Mentovich). 

It  now  remains  to  describe  (a)  the  curious  appearance  presented  by  the  stem 
of  Arceuthobium  Oxycedri  in  transverse  section  (quoting  from  Solms-Laubach's 
account),  the  peculiarities  being  probably  shared  by  other  species  of  the  genus,  and 
(6)  the  anomsdous  structure  of  the  axis  of  Nuytsia  floribunda,  discovered  by  Van 
Tieghem.  A  transverse  section  through  an  intemode  of  Arceuthobium  Oxycedri 
shows  four  vascular  bundles,  which  lie  in  pairs  opposite  one  another,  one  pair 
being  more  strongly  developed  than  the  other.  This  structure  is  connected 
with  the  course  of  the  bundles  (see  loc.  cit.).  The  anomalous  structure  of 
Nuytsia  consists  in  the  occurrence  of  bands  of  soft  bast  in  the  xylem.  Van 
Tieghem,  who  examined  young  branches  in  the  Uving  condition,  came  to  the 
conclusion  that  the  interxylary  phloem  of  Nuytsia  originates  in  the  same  way 
as  in  Strychnos.  Older  portions  of  the  stem  apparently  show  the  anomaly  of 
successive  rings  of  growth  ;  this  is  illustrated  by  a  specimen  which  Ues  before 
me ;  it  is  10  cm.  in  diameter,  and  was  presented  to  our  Musernn  by  F.  v.  Miiller. 
The  xylem  is  traversed  by  concentric  layers  of  thin-walled  tissue,  which  consists 
chiefly  of  large  parenchymatous  cells  and  includes  mucilage-canals,  as  well  as 
small  groups  of  soft  bast ;  the  latter  project  convexly  on  the  outer  side,  and 
correspond  to  the  individual  sec^ents  of  the  xylem-rings,  these  being  limited 
lateraUy  by  broad,  lignified  medullary  rays ;  these  bands  of  thin-walled  tissue 
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are  moreover  traversed  by  the  broad  lignified  rays,  which  continue  their  course 
outwards  in  the  next  xylem-ring.  These  facts  are  not  opposed  to  Van  Tieghem's 
observations,  especially  if  one  bears  in  mind  that  the  anomaUes  of  successive  rings 
of  growth  in  the  pericycle,  and  of  interxylary  phloem  of  the  type  found  in 
SirychnoSy  are  very  closely  related ;  for  in  the  first  case  extinction  and  extra- 
fascicular  renewal  of  the  cambium  take  place  simultaneously  at  all  points,  while 
in  the  second  case  they  only  occur  at  certain  points  in  the  transverse  section. 

Literature :  [Unger,  Parasit  Pfl.,  Ann.  Wiener  Mus.,  Bd.  ii,  1840,  p.  33,  Tab.  iii.] — Solms- 
Lanbach,  Paradt  Ph.,  Pringsheim  Jahrb.,  Bd.  Ti,  1867-8,  pp.  603  and  615  et  leq.  and  Tab.  xxxsx.— 
.  De  BaiT,  VeigL  Anat.,  1877.— Hesselbarth,  Anat  d.  Hobes,  Diss.,  Leipzig,  1879,  P*  7'* — Mentovich, 
L.-Rindcn  (Hnngarian),  Magyar  Nofenyt  Lapdc,  Til,  1883,  n.  74,  pp.  17-S3;  i^bstr.  in  Bot. 
Centralbl.  1883,  ii,  pp.  74-5,  and  Just  1883,  i,  pp.  180-1.— Solereder,  HoUstr.,  i885jpp.  J34-5*— 
Mentovich,  Mark,  Klausenburg,  1885 ;  abatr.  in  Just  1885,  i,  p.  788.— Marktanner-Tumeretscher, 
Aiiat  Ban  una.  L.,  Sitz.-Ber.  Wiener  Akad.  1885,  la  pp.  and  i  Tab.— Van  Tieghem,  Ntiytna  ct 
Kkdadendnm^  BnlL  Soc.  bot.  de  France  1893,  pp.  317-28 ;  NaUogia  et  Triartkron^  loc.  cit.  1894, 

,  61-71 ;  Rac.  des  L.,  loc.  cit.  1804,  p.  lai  et  seq. ;  see  also  loc  dt,  1895.— Engier,  in  Natiirl. 

anzenfam.,  iii.  Teil,  Abt  i  (1894;,  pp.  158-9  and  L.  africanae,  Engler,  Bot.  Jahrb.,  Bd.  xx,  1895, 

jr7  ct  seq.,  Tab.  i-iii,  especially  il— Diels,  Nenseeland,  Engler,  Bot.  Jahrb.,  Bd.  xrii,  1896,  p.  240. 

Colpin  Ravn,  Cystolithes  ludim.  dlidfi^  chez  qu.  L.,  Bot.  Tidsskiift,  Bd.  ai,  i,  1897,  pp.  53-8. 
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SANTALACEAE. 

I.  Review  of  the  Anatomical  Features.  The  following  anatomical 
features  may  be  pointed  out  as  important  diagnostic  characters  of  this  Order 
(excluding  the  genera  Chatnpereta,  Grubbia  and  Myzodendron,  which  will  be 
discussed  separately  in  an  appendix  to  the  Order) :  the  superficial  origin  of  the 
cork  ;  the  uniform  structure  of  the  wood,  viz.  (a)  vessels  wim  simple  perforations 
throughout,  and  with  the  walls  usually  bearing  bordered  pits,  even  where  they 
are  in  contact  with  parenchjona  of  the  mediiltoy  ra)^,  and  (6)  wood-prosen- 
chyma  bearing  bordered  pits  ;  the  almost  exclusive  occurrence  of  parallel  sub- 
sidiary cells  on  either  side  of  the  pair  of  guard-cells  ;  the  fact  that  the  smaller 
veins  of  the  leaf  are  invariably  embedded ;  the  absence  of  gelatinization  in  the 
epidermis  of  the  leaf,  and  of  internal  and  external  glands ;  the  frequent  occur- 
rence of  groups  of  silicified  cells,  and  the  excretion  of  oxalate  of  lime  in  the  form 
of  clustered  and  ordinary  solitary  crystals.  These,  which  are  the  most  important 
features,  are  supplemented  by  a  nimiber  of  others,  affording  characters  for 
generic  and  specific  diagnosis.  Such  are  :  the  frequent  occurrence  of  isolated 
Bundles  of  primary  hard  bast  in  the  pericyde,  whilst  a  composite  and  con- 
tinuous ring  of  sclerenchyma  is  rarely  (Henslowia^  and  also  in  Champereia  and 
Grubbia)  present ;  the  very  rare  development  of  secondary  hard  bast  (SankUum^ 
Omphacomeria) ;  the  scantiness  of  the  hairy  covering,  both  as  rcigards  the  actual 
occurrence  of  trichomes  and  the  nimiber  of  forms  of  hairs  present,  the  hairs 
being  mostly  simple  and  unicellular,  rarely  (species  of  Buckkya  and  Pyrularia) 
simple  and  uniseriate,  or  still  more  rarely  {Exocarpus  latifolius,  R.  Br.)  tufted  ; 
the  enlarged  terminal  tracheids  occurring  in  many  members  of  the  Order,  and 
the  rows  of  tracheids  found  in  the  leaf-tissue  in  some  genera  (Quinchamalium^ 
Thulium) ;  the  papillose  differentiation  of  the  epidermis  of  the  leaf  \  the  dccur- 
rence  of  hypoderm  in  the  leaf ;  the  transverse  position  of  the  stomata  on  the 
leaf  and  axis,  and  so  on. 

A  few  facts  concerning  the  three  anomalous  genera  referred  to  above  may 
be  mentioned  here.  The  genus  Myzodendron  is  distinguished  by  the  special 
structure  of  its  xylem  and  by  the  occurrence  of  medullary  vascular  bundles 
(Fig.  178)  in  certain  species ;  another  distinctive  feature  is  the  absence  of 
parallel  subsidiary  cdls  accompanying  the  stomata.  Champereia  is  charac- 
terized by  the  occurrence  of  double  cystohths  (Fig.  179).  Grubbia  differs 
essentially  from  the  structure  typical  of  the  SantalaCeae  m  having  scalariform 
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perforations  with  numerous  bars  in  its  vessels,  and  in  the  absence  of  the  parallel 
subsidiary  cells  which  accompany  the  guard^cdls  in  the  Santalaceae. 

2.  Structure  of  tSe  Leaf.  The  structure  of  the  leaf  and  axis  in  this  Order 
have  recently  been  made  the  subject  of  a  detailed  investigation  by  Behm  ;  his 
statements  are  supplementary  to  the  illustrations  in  Chatin's  Atlas  \ 

The  structure  of  the  leal  varies,  and  is  only  of  importance  for  specific  dia- 
gnosis ;  it  may  be  either  bifacial  or  centric ;  in  many  cases  the  mesophyll  consists 
of  uniform,  approximately  isodiametric  parenchymatous  cells.  The  structural 
features  of  the  epidermis  are  of  greater  systematic  value.  Gelatinization  of  the 
epidermis  has  not  been  observed  in  the  leaf  of  any  member  of  the  Order  ;  nor 
are  the  lateral  walls  of  the  epidermal  cells  ever  strongly  undulated.  The  outer 
wall  is  often  considerably  thickened,  and  the  cuticle  is  not  uncommonly  striated. 
In  CervanUsia  tomentosa,  Ruiz,  et  Pav.  the  upper  side  of  the  leaf  has  specially 
high  epidermal  cells,  elongated  like  a  palisade,  and  having  a  thick  outer  wall ; 
the  lumen  is  narrowed  conically  towards  the  exterior,  and  contains  a  deposit  of 
fat*bodies.  Papillose  differentiation  of  the  epidermis,  or  the  development  of  a 
hypoderm,  are  characteristic  of  a  large  nimiber  of  species.   Behm  mentions  the 

Sanialum  and  ihesium ;  their  development  extends  lor  the  most  part  only  to 
single  epidermal  cells,  or  to  groups  of  such  cells,  which  are  either  situated  on  the 
surface  or  confined  to  the  margin  of  the  leaf ;  papillose  differentiation  of  the 
whole  of  the  lower  epidermis  appears  only  to  have  been  observed  in  Santalum 
album^  L.  According  to  Behm,  the  development  of  hypoderm  is  found  in 
Henslowia  {H.  granulata.  Hook.  fil.  et  Th.,  H.  heterantha.  Hook.  fil.  et  Th., 
H.  retusa,  BL,  n.  varians,  Bl.),  in  Jodina  rhambifolia.  Hook,  et  Am.  and  in 
SatUalum  acuminatum^  A.  DC.  (and  also  locally  in  5.  Preissianumy  Miq.).  In 
Henslowia  and  Santalum  acuminatum  the  hypoderm  is  composed  of  somewhat 
coUenchymatous  cells,  which  are  larger  than  those  of  the  epidermis ;  it  consists 
of  two  layers  in  Henslowia^  of  one  layer  in  Santalum  acuminatum.  In  Jodina 
rhcmbifolia  the  strongly  coUenchymatous  hypoderm  and  the  epidermis  together 
give  one  the  impression  of  a  many-layered  epidermis,  when  seen  in  transverse 
section.  The  structure  of  the  stomatal  apparatus  is,  on  the  whole,  imiform  ; 
each  pair  of  guard-cells  is  generally  accompanied  on  either  side  by  one  or  more 
subsidiary  cells,  placed  parallel  to  the  pore.  It  should,  however,  be  mentioned 
that  the  tjrpe  of  stoma  just  described  is  sometimes  less  distinctly  marked, 
even  in  the  same  superficial  section,  owing  to  the  fact  that  secondary 
vertical  waJls,  running  at  right  angles  to  the  pore,  more  or  less  frequently 
arise  in  the  subsidiary  cells.  Actual  exceptions  to  the  characteristic  t}^ 
of  stoma  are,  however,  only  afforded  by  species  of  Arjona  and  Quinchama- 
lium^  in  which  the  same  superficial  section  shows  stomata  with  parallel  sub- 
sidiary cells  accompanied  by  others,  which  are  surrounded  by  a  relatively 
large  number  of  adjacent  cells  exhibiting  no  special  arrangement.  The  arrange- 
ment of  the  stomata  with  reference  to  one  another  is  also  of  value  for  the  recog- 
nition of  certain  genera  and  species.  In  some  cases  they  are  placed  parallel  to 
one  another  and  transversely  to  the  midrib  of  the  leaf ;  this  arrangement  is 
well  marked,  according  to  Behm,  in  species  of  Exocarpus,  Leptameria^  Ompha- 
conteria,  Osyris,  Santalum  and  Thesium^  and,  according  to  Chatin,  in  Anthobolus 
and  Chordhrum,  whilst,  according  to  Behm,  in  other  species  of  Osyris  and  in 
species  of  Comandra  and  Osyridicarpus  the  tendency  towards  transverse  arrange- 


*  Behm  examined  numerous  species  of  the  genera  Quinckamalium,  Arjona,  Thesium,  Osyridi- 
carpus^  Cervantesia,  Jodina,  Pvrularia,  Acanthosyris,  Comandra,  Santalum,  MyoschUos,  BuckUya^ 
Osyris,  Omphacomeria,  Henslowia,  Choreirum,  Leptomtria,  Exocarpus  \  Chatin,  besides  dealing 
with  speciet  of  certain  <A  the  genera  already  mentioned,  has  also  figured  the  stmctnral  features  of 
Nanodea,  Fusanus  {Midd)  and  Anthobolus. 


Digitized  by 


Google 


732  SANTALACEAE 

ment  of  the  guard-cells  is  only  seen  here  and  there.  In  other  cases»  which  are 
restricted  to  the  genus  Arjona^  the  pairs  of  guard-cells  are  likewise  arranged 
parallel  to  one  another,  but  at  the  same  time  they  lie  parallel  to  the  midrib  of 
the  leaf.  In  other  cases  again  we  have  an  irregular  arrangement  of  the  pairs  of 
guard-cells,  this  being  the  most  widely  distributed  type  (in  species  of  Acantho- 
syriSf  Buckley  a^  Cervantesia^  ExocarpuSy  Henshwia,  Jodina^  MyoschUos^  Pyrularia, 
Quinchatnalium  and  Santalum,  according  to  Behm).  A  transverse  arrangement 
of  the  stomata,  similar  to  that  shown  by  the  leaves,  occurs  also  on  the  young 
branches  in  msLny  members  of  the  Order ;  Chatin  mentions  this  feature  as  being 
more  or  less  distinct  in  species  of  Anihobolus,  Choretrumy  Fusanus^  HensUmia^ 
MyoschiloSy  Osyris  and  Thesium,  whilst  De  Bary  mentions  its  occurrence  in 
Exocarpus  and  Santalumy  and  Hieron}mius  in  Jodina  and  Leptomeria.  The 
stomata  either  occur  on  both  sides,  or  only  on  the  lower  surface  of  the  leaf. 
The  guard-cells  in  most  cases  lie  on  a  level  with  the  epidermis,  but  they  have 
been  observed  to  be  deeply  depressed  in  Arjona^  Jodina  and  Osyris.  The 
vascular  bundles  of  the  veins,  as  stated  above,  are  invariably  embedded ; 
mechanical  tissue  may  accompany  them,  or  may  be  absent.  The  terminal 
tracheids,  previously  mentioned  in  the  general  diagnosis,  are  found  in  most  of 
the  genera ;  amount  the  cjenera  examined  by  Be£mi,  they  are  only  absent  in 
Acanthosyris,  Buckteya  and  Jodina.  They  form  groups  of  two  to  five  de- 
ments, and  are  developed  in  a  specially  typical  manner  in  Henslowia.  In 
Quinchatnalium  and  Thesium,  besides  the  terminal  tracheids,  there  are  others, 
which  are  independent  of  the  veins,  and  form  rows  of  elements  running  parallel 
to  the  latter ;  these  tracheids  are  more  or  less  elongated,  and  their  walls 
either  have  bordered  pits,  or  are  spirally  or  reticulately  thickened. 

Regarding  the  occurrenceof  ozalateof  lime, we  maymention  once  more  that 
clustered  and  ordinary  solitary  crystals  occur  in  both  the  leaf  and  axis.  Ac- 
cording to  Behm,  certain  species  of  CervanUsia  and  Leptomeria  have  specially 
large  clustered  crystals  in  the  leaf.  In  Santalum  albums  L.  and  Jodina  rhombic 
folia.  Hook,  et  Am.  solitsury  crystals  are  found  in  the  epidermis  of  the  leaf  ;  in 
the  case  of  Jodina  rhombifolia  they  appear,  on  superficial  observation,  to  lie  in 
the  considerably  thickened  outer  wall  of  the  epidermis.  Behm  also  notes  the 
presence  of  crystalline,  in  some  cases  sphaerocrystalline,  doubly  refractive 
masses  in  the  epidermal  cells  of  Thesium  montanum,  Ehrh.,  T.  ebracteatumy 
Hayne,  and  Santalum  acuminatum,  A.  DC. ;  in  view  of  their  solubility  in 
alcohol  and  ether,  these  masses  are  probably  of  a  fatty  nature.  Behm  observed 
groups  of  silicified  cells  in  species  of  A  canthosyriSy  Buckley  a,  Comandra,  Exocarpus, 
OsyriSy  Pyrularia  \  Quinchamalium,  Santalum  and  Thesium.  They  are  present 
chiefly  in  the  neighbourhood  of  the  veins,  and  either  consist  of  pairs  of  cells,  or 
of  larger  groups.  The  walls  of  the  cells  in  question  either  exhibit  silicified 
protuberances  (often  hemispherical),  or  they  are  only  locally  thickened  (like 
a  horseshoe,  as  seen  in  transverse  sections  of  the  leaf)  and  siacified. 

The  most  important  points  concerning  the  hairy  covering  have  already 
been  stated  above.  In  most  cases  the  simple  unicellular  hairs  are  small  and 
pointed.  Uniseriate  hairs  are  mentioned  by  Behm  as  occurring  in  Buckleya 
lanceolata,  Miq.  (incorrectly  named  B.  Quadriala,  S.  et  Z.  by  Behm),  and  are 
also  present  in  Pyrulariay  according  to  Chatin.  The  tufted  hairs  of  Exocarpus 
Udifolius,  R.  Br.  consist  of  short  unicellular  hairs  having  thick  walls  and  narrow 
lumina,  and  sunk  side  by  side  in  the  epidermis. 

3.  Structure  of  the  Axis.    The  most  important  characters  presented  by 


^  These  groups  of  silicified  cells  were  previonsly  seen  by  Bokorny  in  P.  ptthera^  Michx.,  where 
they  give  rise  to  transparent  dots  at  the  margin  of  the  leaf,  but  they  were  not  correctly  interpreted 
by  him. 
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the  structure  of  the  wood  and  cortex  have  aheady  been  pointed  out  in  the 
general  review  at  the  b^inning  of  the  Order. 

The  structure  of  the  axis  is  normal.  The  xylem-portions  of  the  vascular 
ring  as  a  rule  form  a  closed  mechanical  ring,  traversed  by  medullary  rays  which 
are  mostly  narrow,  though  occasionally  (in  species  of  Acanthosyris,  Osyridi- 
carpus^  Osyris^  Jodina)  rays  4-5  cells  thick  are  present.  Exceptions  to  this  t jrpe 
are  j)resented  by  some  herbaceous  species,  viz.  Nanodea^  in  which,  according  to 
Chatin,  the  transverse  section  of  the  stem  exhibits  four  isolated  vascular 
bundles,  arranged  in  a  rin^,  and  species  of  Thesium  and  Arjona^  in  which  the 
bundles  of  the  vascular  ring  are  separated  from  one  another  by  unlignified 
tissue.  The  phylloclades  of  the  leafless  species  or  of  those  with  reduced  leaves 
{Exocarpus  phyllanthoideSy  Endl.,  Omphacomeria  psilotoides,  A.  DC.)  possess 
a  vascular  rmg,  the  bundles  of  which  are  almost  compressed  into  one  plane  in 
Exocarpus^  wUlst  in  Omphacomeria  three  larger  bundles,  which  form  a  ring 
open  at  the  sides,  are  seen  in  the  middle  of  the  main  vascular  ring  ;  in  other 
respects  the  phylloclades  have  the  structure  of  a  centric  leaf. 

The  pith  consists  either  of  lignified  or  unlignified  cells.  The  vessels  are 
scattered  in  the  transverse  section,  and  have  rdatively  smaU  lumina  (between 
•018  and  -03  mm.).  In  contact  with  parenchyma  of  the  medullary  rays,  the 
walls  of  the  vessels  mostly  bear  bordered  pits,  though  there  are  sometimes 
simple  pits  as  well ;  the  latter  are  never  large,  and  do  not  exceed  the  borders 
of  the  bordered  pits  in  size.  Spiral  striation  or  thickening  of  the  walls  of  the 
vessels  is  stated  by  Behm  to  be  present  in  species  of  Exocarpus,  Osyris,  Santalum 
and  Thesium.  The  development  of  cork  takes  place  either  in  the  epidermis 
{AcanOiosyris  and Comanifra),  or  in  the  outermost  cell-layer  of  the  primary  cortex 
(Buckley a,  Choretrum,  Henshwia,  Leptomeria,  Myoschilus,  Osyris,  Santalum  and 
Thesium).  In  many  of  the  Santalaceae  showing  reduction  in  the  leaves,  the 
primary  cortex  is  differentiated  as  typical  assimUatory  tissue,  as  in  the  phyllo- 
clades mentioned  above.  In  some  cases  the  primary  cortex  includes  stone-cells 
(species  of  Choreirum,  Henslowia,  Santalum  and  Thesium),  and  occasionally 
there  are  also  bimdles  of  sclerenchymatous  fibres  (according  to  Behm,  in  San- 
talum, and  in  the  shoots  of  Omphacomeria  which  resemble  phylloclades ;  in  these 
two  cases  the  fibres  are  mainly  subepidermal ;  according  to  Chatin,  they  also 
occur  in  Leptomeria  BiUardieri),  The  outer  limit  of  the  bast  is  in  most  cases 
formed  by  isolated  groups  of  primary  bast-fibres,  between  which  scattered  stone- 
cells  may  occur  at  some  points.  Tne  stone-cells  are  present  in  such  abundance 
in  Henshtvia  that  a  composite  and  continuous  ring  of  sclerenchyma  is  formed. 
Amongst  the  material  investigated  by  Behm,  the  groups  of  primary  bast-fibres 
are  only  wanting  in  the  speaes  of  Comandra ;  according  to  Chatin,  however, 
they  are  present  in  a  species  of  this  genus  (C.  Uvida),  which  was  not  examined  by 
Behm.  Typical  bast-fibres  have  only  been  observed  in  the  secondary  bast  in 
the  case  of  Omphacomeria  and  Santalum  (Behm) ;  the  secondary  bast  contains 
^tone-cells  in  species  of  Osyridicarpus  and  Henslowia  (Behm),  and  peculiar 
sclerenchymatous  elements,  resembling  *  both  stone-ceUs  and  bast-fibres,'  in 
Exocarpus  cupressiformis,  Labill.  (MoUer  ^). 

APPENDIX. 

1.  On  the  genus  Myzodendron. 

The  parasitic  ^enus  Myxodendron,  which  has  recently  been  separated  from  the 
Santalaceae  and  raised  to  the  rank  of  an  independent  Order  by  Hieronymus  in  the 
NatOrliche  Pflanzenf  amiHen,  agrees  with  the  Santalaceae  in  many  of  its  anatomical 
diaracters ;  thus  it  has :  superficial  development  of  cork ;  simple  periorations  in  the 
vessels ;  no  internal  or  external  glands ;  silicified  groups  of  cells ;  sohtary  and  clustered 

*  Regarding  the  hanstoria  of  the  Santalaceae  see  Solms-Lanbacfai  and  De  Bary,  U.  cc. 
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crystab ;  isolated  groups  of  hard  bast  in  the  pericycte,  simple  unicdlular  hairs ;  again, 
in  one  species  (M .  linear e^  Popp.  et  Endl.)  systems  of  tracheids  are  present  in  the  leaf » 
similar  to  those  of  the  species  of  Quinchamalium  and  Thesium,  and  another  species 
(M.  quadriflorufn,  DC.)  has  crystalline  masses  in  the  epidermis  of  the  leaf  (and  also 
in  the  ground-tissue  of  the  axis)  Uke  those  found  in  Thesium  montanum,  &c.  There 
are  only  two  important  anatomical  distinctions  between  Myzodendron  and  the  majo- 
rity of  the  Santalaceae  to  be  noted,  viz. :  I.  The  stomata  are  surrounded  by  a  rather 
large  number  of  irregularly  arranged  epidermal  cells.  II.  The  wood-prosenchyma, 
i.e.  when  there  is  any  development  of  mechanical  tissue  in  the  xylem,  is  replaced  by 
sclerench3rmatous  cdls  bearing  simple  pits  and  resembling  rod-cells. 

Little  remains  to  be  said  on  the  subject  of  the  structure  of  the  leaf.  The  meso- 
phyll  consists  of  uniform  isodiametric  cells.  The  stomata  are  found  on  both  surfaces 
of  the  leaf,  and  are  placed  parallel  to  one  another  and  to  the  midrib  of  the  leaf.  Thit 
vascular  bundles  both  of  tne  large  and  small  veins  are  embedded  in  the  mesophyll ; 
there  is  no  sclerench3ana  accompan3dng  them.  Silicified  groups  of  cells  have  been 
observed  by  Behm  omy  in  M.  itnttvicatum,  POpp.  et  Endl.,  M,  linear 9^  Popp.  et  EndL, 
M.  punctulatum,  Soland.  and  M .  quadriflorum,  DC. 

The  structure  of  the  axis  requires  a  more  detailed  description,  and  on  the 
characters  presented  by  it  the  investigated  species  can  be  divided  into  two  groups, 
corresponding  to  the  two  sections  Eumyzodendran  and  Gymnophyton,  established  by 
Hooker  fiL  The  species  of  the  section  Eumyzodendron  (M,  brachystachyum^  DC., 
Af.  lineare^  Popp.  et  Endl.  i-  M.  linearifolium,  DC.,  M.  oblongifohum,  DC.,  M. 
auadriflorutn,  DC.)  are  characterized  by  the  following  features :  (a)  the  vascular 
bundles  are  separated  from  one  another  by  radial  strips  of  unlignified  ground-tissue  ; 
(6)  the  ground-mass  of  the  wood  consists  of  unli^^nified  cells  and  is  developed  in 
varying  abundance  in  the  different  species,  dependmg  on  the  number  of  vessels  and 
groups  of  mechanical  cells  which  are  embedded  in  it ;  and  {c)  the  secondary  wood 
contains  two  kinds  of  vessels,  some  being  scalariform  and  others  having  spiral 
thickenings.  On  the  other  hand  the  investigated  species  of  the  second  section 
(GymnophyUm)y  viz.  M.  funchdatum^  Soland.  and  M.  imbricatum,  Popp.  et  EndL, 
have  the  xylem-groups  ot  the  vascular  bundles  united  to  form  a  closed  mechanical 
ring,  composed  of  lignified  cells  only,  and  traversed  neither  by  primary  nor 
secondary  medullary  rays.  In  certain  species  of  the  first  section,  though  not  in 
all  (only  in  M.  hrachystachyum,  M.  oblongifoliunit  M,  quadriflorum,  and  also  in  M, 
angulatum,  Phil.,  according  to  Hieronymus),  medullary  vascular  bundles  occur. 
They  are  normally  orientated,  are  present  in  varying  abundance,  and  possess  con- 
siderable secondary  growth  in  thickness.  Not  uncommonly  they  form  a  second 
(inner)  ring  of  bundles  (Fig.  178,  A).  Accordinc;  to  Behm's  investigations  the 
medullary  bundles  are  of  secondary  origin  in  Af.  oblongifolium.  Their  development 
appears  to  be  connected  with  the  formation  of  pseudoendogenous  buds,  and  tiiis 
may  possibly  explain  the  fact  that,  according  to  Behm,  in  one  and  the  same  species 
the  medullary  bundles  may  be  present  in  one  branch,  though  absent  in  another  of 
equal  thickness. 

Of  the  more  special  anatomical  features  in  the  structure  of  the  stem  the 
following  are  noteworthy.  Af.  puncMatum  alone  has  numerous  verrucose  promi- 
nences on  the  surface  pf  the  stem,  giving  the  latter  a  punctate  appearance  ;  hence 
the  specific  name.  These  prominences  are  due  to  large  respiratory  cavities,  and 
each  Dears  a  stoma  at  its  apex.  The  formation  of  cork  is  superficial.  In  most 
species  the  cork  develops  in  the  epidermis ;  in  Af .  oblongifolium  (in  the  specimen 
cfescribed  by  Behm  as  M,  heterophytlum,  P6pp.),  in  which  the  epidermal  cells  on  the 
young  branch  are  produced  into  finger-shaped  unicellular  hairs,  it  arises  in  the  sub- 
epidermal layer  of  cells.  In  M.  hrachystachyum  and  M .  oblongifolium  the  primary 
cortex  contains  a  more  or  less  closed  ring  of  stone-cells ;  in  M.  oblongifolium  mere  are 
also  scattered  groups  of  stone-cells.  In  Af .  lineare  stone-cells  are  distributed  through- 
out the  ground-tissue  of  the  axis,  and  are  also  found  in  the  soft  bast.  In  all  the  species 
groups  of  hard  bast  are  present  at  the  outer  limit  of  the  phloem,  but  are  devdoped 
to  a  varying  extent.  The  xylem  in  all  species  of  Myzodendron  is  characterized  by  the 
fact  that  the  vessels  have  relatively  small  lumina,  are  competed  of  short  elements, 
and  exhibit  simple  perforations.  In  the  species  belonging  to  the  section  Eumyzoden- 
dron,  as  already  mentioned,  the  secondary  wood  possesses  two  kinds  of  vessels,  viz.  (a) 
vessels  with  rather  large  lumina  and  provided  with  scalariform  bordered  pits,  and 
(6)  spirally  thickened  vessels  with  somewhat  narrower  lumina  ;  in  the  species  of  the 
section  GymnophyUm,  on  the  other  hand,  we  only  find  vessels  of  the  first  land.     In 
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the  species  of  both  sections  themechanicalelementsof  the  xylem  consist  of  sclerenchy- 
matous  cells  ('  wood-prosenchyma  ')  resembling  rod-cells  ;  they  have  thick  walls  and 
narrow  lumina,  and  bear  simple  pits.  It  has  already  been  stated  above  that»  in 
the  species  of  tiie  section  Gytnnophyton^  these  sclerenchymatous  cells  together  with 
the  pitted  vessels  form  a  closed  woody  ring,  devoid  of  medullary  rajrs.  In  the 
species  of  the  section  Eumyzodendron,  on  the  other  hand,  the  ground-mass  of  the 
wood  in  the  individual  vascular  bundles  consists  of  unUgnified  cells,  the  bundles 
being  separated  from  one  another  by  strips  of  thin-walled  tissue.  In  those  species 
in  ^hich  material  of  sufficiently  thick  branches  has  been  examined  (M .  oblongifolium, 
M^  brachystachyum  and  Af .  quadriflorum,  according  to  Behm,  and  M.  linearifolium, 
according  to  Hooker  and  Chatin)  it  has  been  found  that  the  vessels  and  sometimes 
also  the  wood-prosenchyma  show  a  very  characteristic  distribution  amount  the 
unUgnified  cells  in  a  transverse  section  of  the  branch.     In  M.  oblangifolium  (Fig.  178) 


Fig.  178.    MjModendron  (Mongifoiium^   DC. :    A,  Diagrammatic  representatioii  of  a  transverse  •ection 
throa^  the  axis  ;  B,  a  single  Tascolar  bandle.—Original. 

each  of  the  individual  vascular  bundles  (including  the  medullary  bundles,  when 
they  have  undergone  considerable  growth  in  thickness)  contains  groups  of  scalari- 
form  vessels,  wmch  are  embedded  in  a  small  (quantity  of  thin-walled  tissue  and 
alternate  in  the  radial  direction  with  portions  of  tissue  composed  of  spirally  thickened 
vessels,  a  few  thin-walled  cells,  and  the  mechanical  elements  (wood-prosenchyma). 
In  the  portions  of  tissue  last  mentioned,  the  arrangement  of  the  elements  is  as 
follows  :  the  middle  region  is  occupied  by  a  radial  series  of  the  thin- walled  cells ; 
amongst  these  liie  spirally  thickened  vessels  are  embedded,  whilst  a  bundle  of 
short  prosenchvmatous  cells  lies  on  either  side  of  the  radial  group.  A  similar 
stratification  of  the  secondary  wood  has  also  been  observed  in  the  otner  species  of 
the  section  Eumyxodendron,  mentioned  above,  except  that  the  groups  of  mechanical 
tissue  are  only  developed  at  certain  points,  or  are  entirely  absent.  In  some  species 
(Af .  lineare,  M,  oblangtfolium)  bundles  of  elongated  sclerench3rmatous  cells,  resembling 
haxd  bast,  are  found  on  the  inner  side  of  the  vascular  bundles.    The  pith  as  a  rule 
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consists  of  unlignified  cells  with  thin  walls ;    in  the  investigated  species  of  the 
section  Gymnophyton  it  is  composed  of  prosenchymatous  celk  having  thick  walls. 

For  the  structure  of  the  haustorium  of  Myzodendron  reference  may  be  made  to 
Chatin,  pL  Ixxv. 

2.  On  the  genus  Champereia, 

Recent  authors  refer  the  genus  Champereia  to  the  Opilieae  (which  are  provided 
with  cystoliths»  according  to  EdelhoflE  and  Valeton) ;  and  like  the  Opilieae,  Cham- 
pereia  possesses  typical  cystoliths,  a  point  to  which  attention  was  first  drawn  by  Van 
Tieghem.  These  cystoliths  cannot,  however,  be  regarded  as  decisive  in  determining 
the  systematic  position  of  the  genus.  For  Behm  has  shown  that  transitional  forms 
connect  the  cystoliths  with  the  cystolith-like,  sihcified  protuberances,  which  occur 
both  in  the  Opilieae  and  in  the  typical  Santalaceae. 

The  cystolith-like  stmctures  of  Champereia  may  be  divided  into  three  types. 
The  first  consists  of  true  double  C3rstoliths  (Fig.  179,  A  and  B).  TTiey  were  observed 
by  Behm  in  all  the  material  which  he  examined  ;  he  found  them  to  occur  in  the  bast 
of  the  branch,  and  also  in  the  pith  and  the  tissue  of  the  medulkuy  rays.  Instead  of 
two  there  may  sometimes  be  three  or  four  C3rstoUths  together.  The  double  cystoliths 
lie  in  two  adjacent  cells,  which  are  in  contact  with  one  another  by  their  narrow  sides. 


Fig.  179.  A,  Doable  cystoliths  from  the  bast  of  the  axis  in  Champereia 
GriffithiatMy  Planch.  (Griffith,  n.  4388,  Herb.  Monac.),  calcified ;  B,  the 
same  after  decalcification  with  acetic  acid,  c,  Secondary  metamorphosis 
of  the  doable  cystoliths  of  Champereia  sp.  (Camin7,  1139,  Herb.  Monac), 
see  description  m  text.  D,  Group  of  cells  with  silicibed  cystolith-like  bodies 
from  the  leaf-tissae  of  Champereia  GriffUhiana.^Q^^naX. 


the  latter  being  placed  horizontally  in  the  pith  and  bast,  and  vertically  in  the  medul- 
lary rays.  The  stalks  of  the  two  cystoUths,  which  are  mostly  calcified,  spring  from 
the  common  wall  of  contact.  The  second  type  is  formed  by  cystolith-like  structures, 
which  may  be  shortly  described  as  cystoliths  which  are  sessile,  or  devoid  of  a  stalk, 
and  have  a  reduced  skeleton ;  they  have  been  observed  in  the  primary  cortex  and  in 
tiie  tissue  of  the  leaf,  giving  rise  to  transparent  dots  in  the  latter.  They  form  spherical 
group®  of  2-6  cells,  each  of  which  contains  a  body  resembling  a  cystohth.  These  cells 
exhibit  considerable  local  thickenings  on  the  walls  of  contact,  and  in  each  ceU  a 
crystal  of  carbonate  of  lime,  having  a  rather  irregular  outline  and  almost  fiUing  the 
lumen  of  the  cell,  is  inserted  in  the  thickening  of  the  wall  like  a  tooth  in  the  jaw. 
These  characteristic  groups  of  cells,  or  rather  the  crystals  they  contain,  together 
give  one  the  impression  of  a  large  clustered  crystal,  when  examined  under  a  low 
magnification.  The  third  type  is  formed  by  sihcined  protuberances  having  the  shape 
of  a  cystolitii  (Fig.  179,  D\  the  Uthocysts  being  arranged  in  a  group,  as  in  the  second 
type,  and  the  group  having  a  more  or  less  spherical  shape.  Behm  only  met  with  this 
third  type  in  a  certain  portion  of  his  material,  where  it  occurred  in  the  tissue  of  the 
leaf.  For  the  transitions  between  the  three  types,  observed  by  Behm,  we  may  refer  to 
his  treatise.  An  interesting  metamorphosis  of  the  twin  cystoliths  and  their  Utho- 
cysts (Fig.  179,  C),  however,  must  not  be  omitted  here  ;  all  stages  were  observed  by 
Behm  in  the  bast  of  the  material  collected  by  Cuming  (n.  1 1 29,  Herb.  Monac. ).  This 
secondary  metamorphosis  may  extend  to  bioth  or  only  to  one  of  the  cystoliths  with 
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the  corresponding  lithocysts,  and  is  initiated  by  the  disappearance  of  carbonate  of 
lime  from  the  cystoliths.  At  the  same  time  the  cell-wall  of  the  lithocyst  becomes 
sclerosed.  A  further  sta^e  is  found  in  those  cases  in  which  sclerosis  also  affects  the 
outer  portion  of  the  cystohth,  so  that  one  might  imagine  there  were  two  sclerosed  cells* 
the  one  inserted  in  the  other  (Fig.  179,  C).  Finally,  in  some  cases  sclerosis  is  carried 
so  far  that  the  sclerosed  wall  of  the  lithoc3rst  fuses  with  the  sclerosed  outer  portion 
of  the  body  of  the  cystolith  to  form  a  homogeneous  membrane  ;  in  this  final  stage, 
therefore,  we  obtain  a  stone-cell,  the  lumen  of  which  still  shows  the  approximate 
shape  of  the  original  cystoUth. 

The  following  points  are  noteworthy  in  the  structure  of  the  leaf  and  axis  of 
Champereia.  The  leaf-structure  is  bifaciaL  The  stomata  are  only  present  oa  the 
lower  side  of  the  leaf,  and  possess  several  subsidiary  cells,  placed  parallel  to  the 
pore.  The  vascular  bundles  of  the  smaller  and  larger  veins  of  the  leaf  are  embedded. 
The  xylem  is  composed  of  :  (a)  vessels  with  small  lumina  (diameter  i-  033  mm.), 
simple  perforations,  and  bordered  pitting  in  contact  with  parenchyma ;  (b)  two-  to 
three-seriate  medullary  ra3rs  ;  (c)  wood-prosenchyma  with  rather  thick  walls  and 
bordered  pits ;  and  (a)  a  sniall  amount  of  wood-parenchyma«  A  composite  and 
continuous  ring  of  sclerenchyma  is  found  in  the  pericycle.  The  cork  arises  m  the  epi- 
dermis, and  consists  of  cells  with  thick  walls  and  narrow  lumina. 

3.  On  the  genus  Grubbia. 
The  genus  Grubbia  has,  on  the  one  hand,  been  referred  to  the  Santalaceae  as 
an  anomalous  genus,  on  the  other  hand  it  has  been  associated  with  other  Orders, 
such  as  Hamamelidaceae  and  Bruniaceae,  and  recently  it  has  also  been  regarded  as 
a  separate  Order,  the  Grubbiaceae.  It  is  essentially  distinguished  from  tne  Santa- 
laceae anatomically  by  the  occurrence  of  scalariform  perforations  in  the  vessels,  and 
a  the  absence  of  parallel  subsidiary  cells  in  the  stomatal  apparatus.  Neither  have 
[nfied  groups  of  cells,  nor  terminal  tracheids,  nor  independent  rows  of  tracheids  in 
the  leaf-tissue  been  observed  in  this  genus.  Points  of  resemblance  between  Gmbbia 
and  the  Santalaceae  are  the  small  lumina  of  the  vessels,  the  wood-prosenchyma  with 
bordered  pits,  and  the  superficial  formation  of  the  cork. 

The  following  facts  may  be  added  regardingthe  more  detailed  structure  of  the 
axis  and  leaf.  The  leaf -structure  is  bifaciaL  The  stomata  are  found  only  on  the 
lower  surface  of  the  leaf,  and  are  surrounded  by  a  relatively  large  number  of  irre^- 
larly  arranged  epidermal  cells.  The  wood  consists  of :  (a)  vessels  with  small  lumma 
(disoneter  »  03  mm.)  and  scalariform  perforations  with  numerous  bars  (40  or  more), 
andbol^simpleandborderedpitson  the  walls  in  contactwithparenchymaofthemedul- 
lary  rays ;  (6)  narrow,  unisenate  or  biseriate  medullary  rays ;  (c)  wood-prosench3rma 
mth  bordered  pits ;  and  {d)  a  small  amount  of  wood-parench3rma.  A  composite  and 
continuous  ring  of  sclerenchyma  is  present  at  the  outer  Umit  of  the  bast  in  Grubbia 
stricta,  A.  DC.,  while  in  G.  rosmarinifolia.  Berg  there  are  only  isolated  groups  of  hard 
bast.  According  to  Hieronymus  the  branch  in  the  species  of  the  section  Ophira  is 
characterized  by  a  hypoderm,  which  is  sharply  dinerentiated  from  the  internal 
tissue,  whilst  in  the  species  of  the  section  Strooilocarpus  the  hypoderm  and  cortical 
tissue  merge  into  one  another.  The  cork  arises  subepidermallyand  is  composed  of 
cells  with  rather  thick  walls.  Oxalate  of  lime  is  found  in  the  form  of  clustered  and 
solitary  crystals.  In  the  leaf  of  Grubbia  rosmarinifolia  the  clustered  crystals  occur 
chiefly  in  septate  cells  of  the  palisade-tissue ;  while  in  G.  stricta  idioblasts» 
situated  immediately  beneath  the  epidermis  of  the  leaf,  contain  solitary  or 
more  rarely  clustered  crystals.  The  hairy  covering  consists  of  simple,  unicellular 
trichomes,  which  sometimes  have  verrucose  thickenings. 

Literature :  Chatin,  Anat.  comp.,  PL  parasit,  1856-62,  pL  Ivi-lzxvia  and  ex. — ^Dalton-Hooker, 
AfysadeftdfVH,  Ann.  sc  nat.,  %6r.  3,  t.  v,  1846,  p.  193  et  seq.  and  pl.  5-9,  and  in  Flora  antarct,  toL  ii, 
1844-5,  p.  aS^  Tab.  di-cvii. — Pitra,  Phan.  Paras.,  Bot.  Zeit.  1861,  p.  69.— Solmt-Laubach,  Paras. 


Phan.,  Pringshdm  Jahrb.,  Bd.  vi,  1867-8,  pp.  539-60  and  Tab.  xxxii-xxxiii,  and  abstr.  of  Clarke, 
Lonmthaceae,  Bot  Zeit.  1874,  p.  145  et  seq. — Moller,  Holzanat.,  Denkschr.  Wiener  Akad.  1876, 
p.  39  and  335. — De  Bary,  VergL  Anat.,  1877.— Moller,  Rindenanat.,  i88a,  pp.  ii3-i4< — Bokoroy, 
Dvchs.  P.,  Flora  i88a,  p.  358  et  seq.  and  sep.  copy,  pp.  15-16.— ^lereder,  Holzstr.,  1885,  PP- 
135-6.— Radlkofer,  in  S^tz.-Ba:.  Miincn.  Akad.  1886,  p.  33o.^Hieronyinas,  in  Natiirl.  Pflanzes^hm., 


ilL  Teil,  Abt.  i,  1889,  pp.  190-100,  ao4-ao6  and  aa9. — Van  Tiegfaem,  CAampereia,  Ann.  sc  nat, 
s^.  7,  t.  zrii,  1893,  pp.  355-^.— Honlbeit,  Bois  sec.  dans  les  Ap6tales,  Th^,  Paris,  1893,  pp.  165- 
7a— Van  Tiegfaem,  Nallogia^  Btdl.  Soc  bot  de  France  1894,  p:  61  et  seq.— Behm,  Anat  Charakt 


d.  S.,  Diss.,  Erlangen,  1895,  56  pp.,  sep.  copy  from  Bot.  Centralbl.  1895,  ii.— [Engler  and  Volkens, 
Ostafr.  Sandelholz,  Notizbl.  bot.  Uart.  n.  Mns.  Berlin  1897,  n.  9.] 
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BALANOPHOREAE. 

The  Balanophoreae,  as  is  well  known,  are  root-parasites  devoid  of  chloro- 
phyll ;  they  will  only  be  treated  here  as  far  as  is  compatible  with  the  object  of 
this  book.  For  information  regarding  other  features  the  literature  cited  must 
be  referred  to. 

The  ground-tissue  in  these  fleshy  plants,  which  have  a  yellowish  or  reddish 
colour,  consists  of  large  parenchymatous  cells ;  these  become  smaller  towards 
the  periphery  both  in  the  rhizome  and  in  the  peduncles.  In  the  genera  Balatuh 
phora,  Langsdorffia  and  Thonningia,  this  tissue  contains  a  substance '  first 
observed  by  Goeppert,  who  gave  it  the  name  balanophorin  ;  according  to 
Poleck,  it  is  a  body  having  the  appearance  of  wax,  but  of  the  nature  of  resin, 
and  essentially  distinguished  from  wax  by  its  stickiness  and  higher  melting 
point.  In  the  other  genera  starch  is  found  m  place  of  the  balanophorin.  Other 
special  cell-contents  in  the  ground-tissue  are  tne  clustered  and  solitary  oystals, 
met  with  in  Balanophora  alutacea  by  Goeppert,  and  the  sphaero-crystalline 
clusters  consisting  ot  oxalate  of  lime  and  observed  in  Lophophytum  mirabile, 
Schott  et  Endl.  by  Eichler.  In  certain  species  (Helosis  guianensis.  Rich., 
H,  mexicana^  Liebm.,  Langsdorffia  hypogaea^  Mart.,  LophZphytum  mirabile^ 
Schott  et  Endl.,  RhopahcnemiSy  Scybalium  jatnaicense,  Scnott  et  Endl.)  stone- 
cells,  which  are  either  isolated  or  united  into  groups,  occur  in  the  ground- 
tissue  ;  the  cells  are  sclerosed  on  all  sides,  or  (Langsdorffia  hyi>ogaea)  on  one  side 
only.  In  the  tuberous  rhizome  of  Lophophytum  mirabile  tney  become  secon- 
darily corroded  owing  to  a  process  of  solution,  and  ultimately  b^ome  completely 
dissolved  (Eichler). 

The  epidermis  consists  of  small  cells,  and  contains  no  stomata.  In  Balano- 
phora  involucrata^  Hook,  f .  et  Th.  the  epidermis  includes  cells  of  a  papillose 
nature,  occurring  singly  or  united  into  groups  (Hooker).  Trichomes  are  rare 
{Langsdorffia^  Thonningia)  on  the  vegetative  organs  ;  where  present  they  are 
unicdlular,  have  thin  walls  and  rather  wide  lumina,  and  a  bulbous  basal  enlarge- 
ment. 

The  vascular  bundles  are  alwa}^  collateral ;  the  following  facts  may  be 
mentioned  regarding  their  distribution  n  the  rhizome  and  peduncle.  Owing 
to  the  irregular  course  and  the  branching  of  the  vascular  bundles,  their  arrange- 
ment is  irregular  in  the  tuberous  rhizomes  (Helosis,  Langsdorffia,  Lalhrophyhm, 
Lophophytum,  Rhopalocnemis,  Scybalium)  and  in  the  axis  of  the  inflorescence 
(Cynomorium,  Helosis,  Langsdorffia,  Lophophytum,  Rhopalocnemis,  Sarcophyte, 
Scybalium).  This  irregular  arrangement  is  most  marked  in  5cy&a/if<m/f<ng»/oim«, 
Schott  et  Endl.  and  Lophophytum  mirabile,  Schott  et  Endl.,  in  which  the  number 
of  bundles  in  the  transverse  section  amounts  to  200-300,  whilst  in  the  axis  of 
the  inflorescence  of  Helosis  guianensis  one  can  distinguish  two  more  or  less 
distinct  rings  of  vascular  bundles,  and  in  that  of  Langsdorffia  hypogaea  a  main 
rinc^  with  medullary  and  cortical  bundles.  The  cylindrical  rhizomes  of  Helosis 
and  Langsdorffia  generally  have  only  a  single  rin^  consisting  of  a  few  isolated 
vascular  bun(Ues  ;  at  those  points,  however,  at  which  local  tuberous  thickenings 
occur,  the  r^^ular  arrangement  ceases.  In  the  floral  axis  and  cylindric^ 
rhizomes  of  Helosis  guianensis  the  vascular  bundles  are  provided  with  a  la)Kr 
of  sclerenchyma  at  the  margin  of  the  wood  and  bast.  Further,  in  the  cylindncal 
rhizomes  of  Helosis,  the  pith,  situated  internally  to  the  vascular  ring,  consists 
entirely  (H.  guianensis),  or  at  least  in  its  peripheral  portion  (H.  mexicana),  of 
sclerenchymatous  fibres,  and  the  strips  of  ground- tissue,  lying  between  the 
vascular  bundles,  also  become  sclerosed.    Tne  vessels  of  the  Balanophoreae 


^  The  amount  of  baUnophorm  is  to  coDStderable  that  the  shoots  containing  this  snbstance  are 
used  as  torches  by  the  natires. 
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exhibit  reticulate  or  striate  thickenings  ;  their  perforations  are  simple  in  Hdosis 
(£.  Zimmermann).  It  is  doubtful  whether  Eichler's  statement  (which  b 
repeated  by  Engler)  regarding .  the  occurrence  of  scalariform  perforations  is 
correct.  Tracheae  with  spiral  thickenings,  which  can  be  unrolled,  and  annular 
vessels  are  said  to  be  absent  in  this  Order ;  mechanical  elements  are  not  deve- 
loped in  the  xylem.  The  sieve-tubes  of  Hdosis  have  scalariform  sieve-plates 
at  their  ends  and  on  the  lateral  walls  (E.  Zimmermann). 

The  scale-leaves  of  the  Balanophoreae  consist  of  homogeneous  tissue,  which 
includes  groups  of  stone-cells  in  Langsdorffia  hypogaea  and  Lophophytum  mirabUe. 
The  number  of  the  vascular  bundles  wtuch  pass  into  the  scale-leaves  and  there 
undeii^  further  branching,  is  three  in  Langsdorffia  hypogaea  and  Lophophytum 
mirabtle,  and  one  in  Scyhatium  fungiforme. 

Literature:  Unger,  Kenqtn.  d.  parasit  Pfl.,  Asm,  Wiener  Mas..  Bd.  ii,  1840,  pp.  ia-60. — 
Goeppert,  Bau  d.  B.  Sec,  Verb.  kais.  Leopold.-Karol.  Akad.  d.  Naturt.,  Bd.  zriii,  Suppl.  i,  1841, 
p.  339  et  leq.  and  3  tab.,  and  Rk^palocnemis,  loc  dt.,  Bd.  xxii,  i,  1847,  p.  117  et  seq.  and  Tab. 
xi-xT. — Poleck,  Wacbsabnl.  Best  d.  Bakmcfkora,  Verb.  kais.  Leopold.-KaroUn.  Akad.,  Bd.  zxii,  i, 
1847,  P*  159  ^  seq.^Hooker,  Struct  and  an.  of  B.,  Transact.  Linn.  Soc,  vol.  xzii,  i,  1855-6,  p.  i 
et  seq.  and  pi.  i-xvi. — Weddell,  Cynomorium  coccineum^  etc.,  Arcb.  Mas.  d*bist.  nat.,  vol.  z,  1858- 
4i,  pp.  360-308.— Cbatin,  Anat.  comp.  d.  v^g^t. :  pi.  parasit.,  pp.  93-101  and  105.— Solms-Laabacb, 
Paraait  Pban.,  Pringsbeim  Jabrb.,  Bd.  vi,  1S67-8,  pp.  539-39.— Eicbler,  Lathropkytum,  Bot  Zeit. 
1868,  pp.  514-15,  and  B.,  in  Maitius  Flor.  brasU.,  toI.  iv,  a,  1869,  p.  i  et  se<^.  and  tab.  ii,  ▼!.  Tiii, 
xii  and  xiii — Beccari,  in  Noav.  Giom.  bot,  vol.  i,  i860,  p.  65  et  seq.  and  Tab.  lii.— Solms-Laal>acb, 
Hanstoriam,  Abb.  natorf.  Gesellscb.  Halle,  Bd.  xiii,  1877,  p.  367  et  seq.  and  Tab.  xxv.— De  Bary, 
VergL  Anat,  1877. — E.  Zimmermann,  ffelosis guianensisy  Flora  1886,  pp.  371-86  and  400-3,  Tab. 
tL — Engler,  in  Natiirl.  Pflanzenfiun.,  iii.  Teil,  Abt.  i,  1889,  pp.  344-7.— Peirce,  Stnict.  of  baostoria 
&C.,  Ann.  of  bot,  vol.  Tii,  1^3,  p.  318  et  seq.— [Piiotta  e  Longo,  Stomi  nel  Cyncm^um,¥^Kcc»A, 
dei  Lienci  1899,  pp.  98-100.  J 

EUPHORBIACEAE 

(excl.  Daphniphyllaceae  and  Buxaceae  ')• 

I.  Review  OF  THE  Anatomical  Features.  No  special  anatomical  features 
are  common  to  all  the  Euphorbiaceae.  On  the  other  hand  there  are  numerous 
anatomicad  characters,  which  may  be  of  value  in  enabling  one  to  recognize  a 
plant  as  a  member  of  this  Order,  and  also  for  purposes  of  more  precise  deter- 
mination. 

In  the  structure  of  the  leaf  we  may  specially  note  that  the  stomatal  appara- 
tus is  not  of  uniform  structure.  The  pairs  of  guard-cells  possess  subsidiary  ceUs 
of  the  type  found  in  the  Cruciferae  or  Rubiaceae,  or  they  are  surrounded  by  a 
number  of  ordinary  epidermal  cells.  In  the  structure  of  the  axis  the  foUowmg 
features  may  be  mentioned.  The  cork  in  most  cases  develops  subepidermally, 
rarely  in  a  deeper  cell-layer  of  the  primary  cortex,  or  in  the  epidermis.  The 
pericycle  either  contains  no  sclerenchyma,  or  isolated  bundles  of  bast-fibres, 
sometimes  uniting  to  form  a  ring,  or  a  coniposite  sclerenchymatous  ring,  which 
b  completely  continuous  or  nearly  so.  Groups  of  bast-fibres  are  frequently 
present  in  the  secondary  bast,  but  only  very  rarely  give  rise  to  stratification  of 
the  latter.  The  primary  and  secondary  bast-fibres  are  often  characterized  by 
a  well-marked  stratification  of  their  walls.  The  xylem  consists  of  :  (a)  medul- 
lary rays  which  are  mostly  narrow ;  (h)  vessels,  which  either  (in  most  cases)  have 
simple  perforations  only,  or  both  simple  and  scalariform,  or  (very  rarely)  ex- 
clusively scakiriform  perforations ;  in  contact  with  parenchyma  they  either  bear 
bordered  pits  only,  or  the  latter  are  intermingled  with  simple  pits  of  varying  size ; 
(c)  wood-parenchyma,  which  is  abundant  in  only  a  few  members  of  the  Ohrder  ; 
(i^  finally,  wood-prosench3nna  with  thick  walls  and  narrow  lumina,  or  rather 

•  *  The  Daphnipbyllaceae  and  Buxaceae  wiU  be  treated  separately  in  an  appendix  at  the  end  of 
tbe  Ettf^orblaceae. 
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thin  walls  and  wider  lumina  ;  in  the  former  case  the  wood-prosenchyma  is  some- 
times provided  with  a  gelatinous  layer,  while  in  the  second  case  it  is  septate  ;  in 
the  inajorit]^  of  the  Euj^orbiaceae  the  walls  of  the  wood-prosenchyma  are 
furnished  with  simple  pits,  while  in  a  small  number  of  genera  <of  the 
Tribes  Caletieae,  Phyllantheae,  Hippomaneae  and  Acalj^heae)  they  bear 
bordered  pits. 

Oxalate  of  lime  is  mostly  excreted  in  the  form  of  ordinary  solitary  and 
clustered  crystals ;  in  certain  species  it  is  entirely  absent.  The  following  special 
forms  of  crystals  are  found :  spnaerites  {Acalyfha^  Claoxylon^  Croton^  Crotonopsis^ 
Eremocarpus^  Gdonium) ;  styloids  (Bemardtay  CoUifuaya^  Excoecaria^  Pocky- 
stroma,  PnyUanthus) ;  and  rod-shaped  crystals,  bent  like  a  V  or  W  {PhyUafUh$$s). 
In  certain  Ampereae,  Crotoneae,  Acalypheae  and  HippK>maneae  clustered  and 
solitary  crystals  occur  in  the  epidermis  of  the  leaf,  while  in  many  Euphorbiaceae 
they  are  found  in  special  idioblasts  in  the  mesophyll,  the  latter  sometimes 
^vmg  rise  to  transparent  dots  in  the  leaf.  The  internal  secretory  system 
IS  constituted  as  follows :  I.  laticiferous  cells  (in  CroUm  pro  parte,  some 
Acalypheae,  and  many  Hippomaneae  and  Euphorbieae) ;  II.  laticiferous  vessels 
(in  iievea  and  Manihot  only) ;  III.  rows  of  laticiferous  sacs  (only  in  Micrandra) ; 
IV.  tanniniferous  cells,  sometimes  differing  from  the  surrounding  oells  in  the  size 
of  their  lumina  or  in  their  length,  and  occurring  singly  or  in  rows ;  they  are 
found  principally  in  the  bast,  where  they  appear  as  more  or  less  distinct  idioblasts 
(widely  distributed  in  all  the  Tribes) ;  v.  very  much  elongated  secretory  sacs, 
which  frequently  have  wide  lumina  and  are  mostly  filled  with  brown  contents 
(in  Akhornea  (?),  GivoUa,  MaUotus^  Pausandra,  Poganaphora) ;  they  must  not 
be  confounded  with  the  laticiferous  cells;  VI.  secretory  cells  with  oily  or 
resinous  contents  (Fig.  i8o,  -4-C),  which  show  varied  differentiation,  and  have 
various  shapes,  and  sometimes  give  rise  to  pellucid  dots  in  the  leaf  (in  Ricinus 
and  the  Eucrotoneae,  excepting  some  species  of  Croton  belonging  to  the  section 
Asiraea) ;  VII.  secretory  lacunae,  i.e.  intercellular  secretory  spaces  with  curved 
epithelial  cells  loosely  connected  with  one  another ;  they  usually  give  rise  to 
transparent  dots  in  the  leaf  (in  Cluytia  and  Gdonium) ;  VIII.  mucilage-cavities, 
or  groups  of  mucilaginous  cells  (in  certain  Pbyllantheae).  Of  all  these  secretory 
organs,  only  those  numbered  I-III  have  been  shown  to  produce  a  milky  juice. 

The  tnchomes  may  be  classified  under  clothing  hairs,  external  glands,  and 
stinging  hairs  (including  the  hairs  containing  clustered  crystals).  The  usual 
form  of  the  clothing  hairs  is  the  simple,  unicellular  or  uniseriate  trichome,  whidi 
is  freouently  present.  Special  forms  of  such  trichomes  are  the  tmicellular,  two- 
armed  hairs  of  Argyrothamnia  and  Pausandra,  and  the  branched  hairs  of  species 
of  PhyllafUhus  ana  Mabea.  The  following  types  of  clothing  hairs  (see  Fig.  i8o) 
have  a  more  compUcated  structure  :  stdlate  and  tufted  hairs  (in  the  Ridno- 
carpeae,  Pbyllantheae,  Crotoneae,  Acalypheae  and  Hippomaneae) ;  peltate 
hairs  (in  Aextoxicon  and  certain  Phyllajitheae,  Ootoneae  and  Acalypheae) ; 
simple  shaggy  hairs  (in  certain  Pbyllantheae  and  Acalypheae) ;  and  candelabra- 
hairs  (in  species  of  CroUm,  Fig.  i8o,  K),  Regarding  these  hairs  it  may  be  added 
that  sderenchymatous  cells  belonging  to  the  mesophyll  are  sometimes  associated 
with  the  complicated  trichomes  of  the  species  of  troUm  in  such  a  way  that  they 
appear^to  form  a  component  part  of  the  hair  ;  some  of  the  peltate  hairs  (Fig.  i8o, 
L)  are  provided  with  a  small '  lower  scale.'  Ordinary  glandular  hairs  are  not 
common ;  they  have  been  observed  in  the  tribes  Ricinocarpeae,  PhyUantheae, 
Acalypheae  (here  more  frequent  than  elsewhere)  and  Hippomaneae.  Laree, 
variously  shaped  glands  (Fig.  i8o,  M-O),  provided  with  a  secretory  palisade- 
like epidermis,  are  much  more  widely  distributed ;  they  occur  on  the  petiole^on  ttie 
surface  of  the  leaf,  on  the  leaf-teeth,  or  on  the  stipules  of  many  species,  and  some 
of  them  are  transitory.  The  genera  Cnesmone,  Leptorhachis  and  Tragia,  be- 
longing to  the  Acalypheae,  and  the  genus  Dakchampia  have  very  characteristic 
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stinging  hairs  (Fig.  i8o»  P-Q),  the  essential  part  of  which  is  a  cell  containing 
a  subtdate  a^staJ  of  oxalate  of  lime,  suspended  from  beams  of  cellulose ; 
Jairopha  has  stinging  hairs  showing  the  same  structure  as  those  of  the  nettle. 
Hairs  or  papillae  with  clustered  crystals  (Fig.  i8o»  R-^)*  i.e.  papillose  projections 
of  the  epidermis,  resembling  stellate  haus  or  of  spherical  shape,  and  filled  by  a 
clustered  crystal  of  oxalate  of  lime,  are  found  in  the  genera  Acalypha,  Argyr(h 
thamnia,  Caperania,  Claoxylon,  Fragariopsis  and  Plukenetia^  belonging  to  the 
Acalypheae. 

Anomalous  structural  features  are  found  in  the  axis  of  certain  Euphorbia* 
ceae ;  these  consist  in  the  occurrence  of  :  I.  intraxylary  phloem  (in  Croton  excL 
species  of  the  section  Asiraea,  in  Crotonopsis,  Eremocarpus  and  Jidocroton^  of 
the  Tribe  Crotoneae ;  in  Alchomea^  Conceveiba^  MaUotus  pro  parte  and  PerUy  of 
the  Tribe  Acalypheae ;  in  Dacfytostemon,  Mabea,  Senefddera  and  Sebastiania 
pro  parte,  of  the  Tribe  Hippomaneae) ;  II.  secondary  bundles  of  wood  and 
bast  m  the  parenchymatous  pericycle  in  species  of  DaUckampia  and  Fragariopsis; 
III.  interxylary  phloem  in  DaUckampia ;  IV.  medullary  vascular  bundles  in 
RiHniis. 

Finally,  the  followirig  anatomical  features  are  of  minor  systematic  value : 
gelatinization  of  the  epidermis  of  the  leaf;  papillose  differentiation  of  the 
epidermis  on  the  lower  side  of  the  leaf ;  develofmient  of  hypoderm  on  the  upper 
side  of  the  leaf  ;  cork-warts  on  the  leaf  (Antanoa) ;  sclerenchymatous  fibres  and 
elongated  spiral  tracheids  (Pogonophora)  in  the  mesophyll ;  crystalloids  and 
sphaero-crystals  of  undetermined  nature,  &c. 

2.  Structure  of  the  Leaf.  The  following  description  of  the  structure  of 
the  leaf  and  axis  is  mainly  based  on  the  various  researches  which  have  been 
carried  out  in  Professor  Kadlkofer's  botanical  laboratory  during  the  last  few 
years  S    The  whole  of  the  Uterature  cited  was  also  taken  into  account. 

The  anatomical  features  of  the  leaf  are  very  varied  ;  this  is  to  be  expected 
when  the  great  extent  of  the  Order  is  taken  into  consideration,  and  is  well  shown 
in  the  structure  of  the  integumental  tissue.  The  lateral  walls  of  the  epidermal 
cells  may  be  either  straight  or  undulated.  The  thiclaiess  of  the  outer  wsJls  varies, 
and  is  often  considerable.  In  some  cases  the  iimer  walls  are  strongly  thickened, 
e.g.  in  some  species  of  Croton  (Frombling),  and  also  in  some  Hippomaneae  (species 
of  Adinostemon^  Givotia  and  Senefddera^  according  to  Herbert).    Rothdauscher 


*  In  the  description  of  the  Euphorbiaceae  I  foUow  the  classification  of  MiiUer  Arg.  in  DC. 
Prodr.,  especially  since  the  systematic-anatomical  papers,  referred  to  above,  followed  the  same 
system  of  classification.  It  will  therefore  be  appropriate  to  enumerate  the  ten  Tribes  of  Miiiler's 
system,  and  at  the  same  time  to  give  an  alphabetical  list  of  the  genera  or  species,  which  have  been 
examined  anatomically,  in  each  Tribe :  I.  Caletieae  :  Caletia  h$xandra^  Miill.  Aig.  and  Pseudantkus 
pimeleaideSf^  Spreng.  were  examined  hj  me. — IL  Ricinocarpeae :  Bertya  gummifera,  MiilL  Arg., 
Beyeria  viscosa,  Miill.  Arg.  and  Rtcinocarpus  pinifoHus^  Desf.  were  examined  by  me. — IIL 
Ampereae :  I  examined  Amptrta  spartUides^  Brongn.—IV.  Phyllantheae :  Frdmbling  and  Roth- 
dansciier  examined  species  of  the  genera :  Actephtla^  Amanoa^  Andrachne,  Antidisma^  Aporosa, 
Bacumrea,  Bischoffia,  Brtfnia^  CyclosUmon^  Discocarpus^  Drypctcs^  HemicycHa^  Hieromwut, 
Hymenccardia,  Lachncstylts,  MeUmthesopsis,  PetcUostigma,  Phytlanthtu^  Putranjiva,  Bicheria^ 
Sauropusy  Savia,  Securimga, — V.  Bridelieae :  Bridelia  sHpularis^  Bl.  was  examined  by  me.— VI. 
Crotoneae :  Frdmbling  investigated  spedea  of  the  genera  CroUm,  Crotonopsis,  Eremocarpus^  Tulo^ 
crptcn  and  Micrandra, — VII.  Acalypheae:  Rittershansen  examined  species  of  the  genera  AcamAa, 
Adriana,  AgrosHsiachys,  AlcAcmea,  AUuri/es,  ArgyrtftAamnia,  Bemardioy  Caperonia^  Cephah' 
croion^  ClaoxyloHy  CUidum,  Cnesmctu,  Coccoceroi^  Coelodiscus,  Conceuetboy  Crozophcra,  Dysofsis^ 
Fragariopsis y  Hevea^  HomonoyOj  Johannesiay  Leptorhachis,  Macaranga,  Mallotus,  Mercunalis^ 
Pachystromoy  Pera^  Plukemtia,  Bicinellaf  Bicinus,  Sarcociinium,  SympAyiiia,  Tragia  and  Trewia, 
VIIL  Hippomaneae :  Herbert  investigatei  species  of  the  genera  Acidicroion,  AcHnosfemom,  Adefuh 
cHne,  Adenopiiiisy  Carum^um,  Cka^tocarpuSy  Cluytiay  Codiaeumy  Colliguayay  DactylostemoHy 
Erismantkusy  Excoecaria,  GeloHtum,  GtootiOy  Hippomaniy  Nura,  Tairophay  MabeOy  Manihoi^ 
Maprotmeay  MicrodesmiSy  OstodtSy  Paradenocline,  PausandrOy  PogpnophorOy  Sebastiania,  Senrfelderay 
Sttilingia  and  Trigonosiemon, — IX.  Dalechami^eae :  Daiechampiaiizs  been  examined  by  Ritters- 
hansen.— X.  Various  Enphorbieae  by  several  authors. 
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mentions  a  specially  strong  sclerotica!  differentiation  of  the  outer  wall  of 
the  epidermis  as  occurring  on  the  lower  side  of  the  leaf  in  species  of  Amanoa 
and  Discocarpus.  According  to  the  same  author  marginal  pits  are  found  in 
species  of  Aporosa,  Bischoffia,  Cydostemon,  DrypeUs  and  Hemtcyclia.  Another 
noteworthy  anatomical  feature  of  the  epidermis  is  its  gelatinization,  which  is 
very  extensive  on  the  upper  side  of  the  leaf  in  the  investigated  species  of  the 
Caletieae.  While  the  lower  epidermis  only  includes  isolated  cells  with  muci- 
laginous inner  walls,  the  corresponding  walls  of  the  upper  epidermal  cells  coalesce 
to  form  a  common  mucilaginous  layer.  Amongst  the  rnyllantheae,  Rothdauscher 
met  with  mucilaginous  epidermal  cells  in  certain  species  of  AcUphila^  Andrachne^ 
Antidesnta^  Aforosa,  Hieronyma^  Hymenocardia^  Richeria,  and  Securinega^ 
whilst  Fromblmg  found  them  in  species  of  PetalosHgma  and  PhyUatUhus ;  in 
the  species  examined  by  Rothdauscher,  the  mucilage-cells  are  occasionally  of 
large  size  and  spherical  in  shape  ;  their  lower  ends  penetrate  into  the  mesophyll, 
and  freauently  only  a  small  portion  of  the  wall  reaches  the  surface  of  the  leaf. 
In  the  Crotoneae  and  Hippomaneae  gelatinization  of  the  epidermis  of  the  leaf 
has  not  been  observed,  but  it  occurs  in  the  Acalypheae  (species  of  Acalypha, 
Claoxylon,  Hotnonoya^  Leptorhachis,  Peru  and  Tragia,  according  to  Rittershausen), 
and  in  the  species  of  Bridelia  (Tribe  Bridelieae),  examined  by  me.  The  nature 
of  the  markings  on  the  cuticle  is  also  very  varied ;  of  these  we  need  only  men- 
tion the  occurrence  of  thick  cuticular  crests  in  species  of  Mabea  (Herbert), 
and  of  very  characteristic  markings  on  the  lower  side  of  the  leaf  in  Aleuriies, 
Hevea  zxA  Johannesia  (Rittershausen).  According  to  Herbert,  groups  of 
silicified  epidermal  cells  are  found  in  species  of  Actinostefnon^  Manihot^  Pau- 
Sandra,  Sebastiania  and  Trigonostemon ;  according  to  Rittershausen,  rosettes 
of  silicified  cells  containing  cystoUth-like  bodies  (like  those  of  the  Boragineae, 
but  only  silicified  not  calcified)  occur  in  the  epidermis  of  the  leaf  in  the  species 
of  Bemardia  in  the  immediate  neighbourhood  of  the  trichomes.  Papillose 
development  of  the  epidermis  of  the  leaf  is  also  very  widely  distributed. 
Amongst  the  Phyllantheae  it  has  been  observed  on  the  lower  side  of  the  leaf 
in  Amanoa  oblongifolia,  MiiU.  Arg.,  Securinega  Acidothamnus,  MiiU.  Arg.  and 
S.  obovata,  Miill.  Arg.  by  Rothdauscher,  and  in  numerous  species  of  PhyUanOius, 
and  in  Mdanthesc^sis  fruticosa,  Miill.  Arg.  by  Frombling.  According  to 
Rittershausen,  a  number  of  Acalypheae  show  the  same  feature,  viz. :  Alchornea 
MarUana,  MiiU.  Arg.,  A.  Schomburgkii,  Klotzsch;  Conceveiba  guianensis^ 
Aubl. ;  Hevea  discohr,  Miill.  Arg. ;  Homonoya  riparia.  Lour. ;  Johannesia 
princeps,  Veil,  (only  the  subsidiary  cells  of  the  stomata) ;  Macaranga  gummi- 
flua,  Miill.  Arg.,  M.  Helferi,  Miill.  Arg.,  Af .  iavamca,  MiiU.  Arg.  fi  genuina  (in 
the  neighbourhood  of  the  glandular  hairs),  M.  indica,  Wight,  M.  mimUiflora, 
MiiU.  Arg.,  Af.  poptdifolia,  MiiU.  Arg.,  Af .  tomentosa,  Wight ;  Mallotus  fhri- 
bunduSt  MiiU.  Ar^. ; — in  Macaranga  triloba,  MiiU.  Arg.,  Mallotus  ricinoides, 
MiiU.  Arg.  and  Rtcinus  communis,  L.  the  epidermal  cells  on  the  upper  side  of 
the  leaf  are  subpapiUose.  FinaUy,  the  lower  epidermis  of  the  leaf  is  entirely 
or  partiaUy  papiUose  in  some  Hippomaneae,  according  to  Herbert,  namely : 
Carumbium  populneum,  MiiU.  Arg. ;  Cluytia  daphnoides,  MiiU.  Arg. ;  Mabea 
angustifoUa,  Benth.  a  genuina,  Af .  fistulifera.  Mart. ;  Manihot  coerulescens, 
Miill.  Arg.  13  genuina,  M.  palmata,  MiiU.  Arg.  a  diffusa,  Af .  pilosa,  Pohl,  M. 
tripartita,  MiiU.  Arg.  fi  porrecta,  M.  utilissima,  Pohl ;  Maprounea  guianensis, 
Aubl. ;  StiUingia  discolor.  Champ,  et  Benth.,  S.  nutans,  Vahl  and  S.  sebifera, 
Michx.  In  Euphorbia  buxifoUa,  Lam.  the  upper  epidermis  of  the  leaf  is  papil- 
lose (Warming).  The  shape  of  the  papiUae  varies,  e.g.  capitate  in  Maprounea 
guianensis,  in  other  cases  frequently  long  and  finger-shaped.  Transitions  from 
the  latter  type  of  papiUae  to  simple,  uniceUmar  trichomes  are  sometimes 
found.  Such  transitional  forms  have  been  observed  by  Frombling  in  Phyllan- 
thus  praetervisus,  MiiU.  Arg.  and  by  Herbert  in  Sebastiania  daphnoides,  MiiU. 
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Arg.  a  myfUUoides,  Another  noteworthy  feature  is  the  occurrence  of  h3rpoderm 
4m  the  upper  side  of  the  kaf.  Amongst  the  Phyllantheae  a  single  layer  of 
hypoderm  is  found,  according  to  Rothdauscher,  in  Bischoffia  javanica^  Bl., 
CydosUmon  Cumingii,  Baill.,  Hemicydia  andamanica^  Kurz,  and  locally  also 
in  Hytnenocardia  acidUy  Tul. ;  according  to  Frdmbling,  in  PhyUanthus  indicus, 
MuU.  Arg.,  P.  obovaius,  MiiU.  Arg.  and  J^.  puberusy  MM.  Ar^.,  and  locally  also 
in  certain  other  species  of  PhyUanthus,  Rittershausen  mentions  the  occurrence 
of  a  similar  hypoderm  in  the  following  Acalypheae :  Agrostistachys  indica. 
Mull.  Arg.,  AleuriUs  moluccana^  Willd.,  Packystroma  ilicifolium^  Miill.  Arg. ; 
•amongst  the  Hippomaneae  Herbert  found  a  hypoderm  in  all  the  investigated 
-species  of  Gdonium  and  in  Excoecaria  AgaUocha,  MiiU.  Arg.  The  occurrence 
^f  structures  resembling  cork-warts  can  be  demonstrated  on  the  lower  side  of 
the  leaf  in  Amanoa  oblongifolia,  MiiU.  Arg.  (PhyUantheae).  Other  special 
features  of  the  integumental  tissue,  such  as  secretory  cells  (in  Ricinus)  and 
crystals  (in  representatives  of  the  Ampereae,  Crotoneae,  Acalypheae  and 
Hippomaneae)  wiU  be  fuUy  treated  in  the  sections  dealing  with  those  subjects. 

Concerning  the  stomata,  we  may  first  mention  that  in  most  of  the  Tribes 
(excluding  the  Crotoneae)  they  are  usuaUy  confined  to  the  lower  side  of  the 
leaf,  occurring  more  rarely  on  both  surfaces.  In  the  leaf  of  Euphorbia  buxi- 
foUa,  Lam.,  in  which  the  lower  half  of  the  mesophyU  is  occupied  by  aqueous 
tissue,  the  stomata  are  found  only  on  the  upper  side  of  the  leaf  (Warming). 
In  very  many  Euphorbiaceae  the  stomatal  apparatus  belongs  to  the  Rubiaceous 
type,  the  stomata  being  accompanied  on  either  side  by  one  or  more  sub- 
sidiary cells,  which  are  placed  paraUel  to  the  pore.  In  other  cases,  however, 
the  Cruciferous  type  occurs,  or  the  pairs  of  guard-cells  may  be  surrounded  by 
a  relatively  large  number  of  cells,  exhibiting  no  special  arrangement.  Regard- 
ing the  special  distribution  of  the  Rubiaceous  type,  &c.,  amongst  the  Euphor- 
biaceae, the  foUowing  facts  may  be  mentioned.  In  the  Ampereae  (Amperea) 
the  stomata  are  mosSy  surrounded  by  three  epidermal  cells.  In  the  PhyUan- 
theae (excl.  Euphyllantheae)  examined  by  Rothdauscher,  the  Rubiaceous 
type  preponderates  ;  Andrachne,  Aporosa^  Baccaurea^  Lachnostylis  and  Richeria 
constitute  the  sole  exceptions,  the  Cruciferous  type  being  more  or  less  distinct 
in  these  genera.  In  the  Euphyllantheae  Frombling  found  no  uniform  type 
of  stoma,  for  the  cells  adjacent  to  the  guard-cells  in  this  Tribe  appear  as  sub- 
sidiary cells  either  of  the  Cruciferous  or  Rubiaceous  types^  both  tj^pes  often 
occurring  side  by  side  on  the  same  leaf-surface.  In  the  Acalypheae  and 
Dalechampieae,  according  to  Rittershausen,  the  Rubiaceous  type  is  present 
in  aU  cases,  and  the  same  (exception :  Manihot  caerulescenSy  MiiU.  Arg.  13 
genuifM)  appUes  almost  throughout  the  Hippomaneae,  according  to  Herbert. 
In  the  Euphorbieae  Benecke  mentions  the  occurrence  of  the  Rubiaceous  type 
in  Mercurialis  and  Euphorbia.  It  is  impossible  to  enter  into  details  here 
regarding  the  varied  mode  of  insertion  01  the  guard-cells,  i.e.  whether  th6y 
are  depressed,  not  depressed,  or  elevated.  Only  one  noteworthy  feature  wiU 
be  mentioned,  that  shown  by  the  stomatal  apparatus  in  Caletia  and  Pseudanthus, 
or,  to  be  more  precise,  bv  the  cells  which  adjoin  the  guard-cells  and  penetrate 
beneath  them.  The  walls  of  these  cells,  which  run  at  right  angles  to  the  surface 
of  the  leaf,  and  limit  the  outermost  part  of  the  respiratory  cavity,  appear, 
when  examined  in  a  superficial  section,  to  be  folded  in  a  precisely  similar 
manner  to  the  weU-known  arm-psdisade-cells  (of  Haberlandt)  of  the  type  with 
numerous  arms.  The  object  of  this  arrangement,  which  has  also  been  observed 
in  other  Orders  of  plants,  remains  to  be  determined. 

The  leaf  •structure  may  be  either  centric  or  bifacial;  for  details  reference 
must  be  made  to  the  special  papers  cited.  I  have  met  with  roUed  leaves  having 
two  furrows,  one  on  either  side  of  the  median  vein,  and  showing  a  corresponding 
type  of  structure,  in  the  species  of  Bertya  and  Ricinocarpus  mentioned  above. 
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The  following  special  features  of  the  mesophyll  are  worth  mentioning :  the 
occurrence  of  a  kind  of  arm-palisade-parenchyma  in  Phyllanthus  Roxhurgkiu 
Miill.  Arg. ;  the  peculiar  differentiation  of  the  lowest  cell-layer  of  the  spongy 
tissue  mMicrode^is  caseariaefolia^  Planch. ;  and  the  occurrence  of  sderenchy* 
matous  elements  running  freely  in  the  mesophyll,  of  spiral  tracheids,  and  of 
enlarged  terminal  tracheids.  In  the  species  of  Microdeismis  mentioned  above» 
the  layer  of  cells  referred  to  is  strongly  thickened  on  the  side  facing  the 
interior  of  the  leaf.  Sclerenchymatous  fibres,  running  freely  in  the  leaf,  are 
found  chiefly  in  the  Acalypheae,  viz.  according  to  Rittershausen  in  :  Acalypha 
diversi folia,  Miill.  Arg.  a  jxypoyaensis ;  Alchomea  ilicifolia,  Miill.  Arj^.,  A^ 
laUfdiUy  Sw.,  A.  Martiana,  Miill.  Arg.  (according  to  loc.  cit.,  p.  38),  A.  Schom^ 
burgkii,  Klotzsch;  Bemardia  aiciUaris^  Miill.  Arg.  p  genuina,  B.  cdastrinea^ 
MiiU.  A^.,  B.  gamhosuy  Miill.  Arg.,  B.  scabra,  Miill.  Arg. ;  Conceveiba  guianensisp 
Aubl.,  C.  triganocarpa,  Miill.  Arg. ;  MaUotus  Lawii,  Mtill.  Are. ;  Pera  aniso^ 
tricha,  Miill.  Arg.,  P.  coccinea,  Miul.  Arg.,  P.  disUchophyliay  BailL,  P.  keterodoxa^ 
Miill.  Arg. ;  Sarcoclinium  longifolium^  Wight ; — also  according  to  the  same 
author  amongst  the  Dalechampieae  in  Dalechampia  affinis^  Mtill.  Arg.,  Z>. 
hrasUiensis^  Lam.,  D.  capensis^  Spreng.  f .,  D,  caperonioides,  Miill.  Arg.,  D,  ficp- 
folia^  Lam.,  D.  Leandri,  Baill.,  D.  magnoliaefolia,  Miill.  Ai^.,  Z).  scandens, 
Miill.  Arg.  J3  fallax,  D.  semiiriloba,  Tausch,  and  D.  iriphylla,  Miill.  Arg.  The 
same  kind  of  sclerenchymatous  fibres,  frequently  showing  well-marked  strati* 
fication  of  their  walls,  have  also  been  observed  by  Herbert  in  the  following 
Hippomaneae :  Actinostemon  concolor,  Miill.  Arg. ;  Chaetocarpus  castaneae- 
carpuSy  Thw.,  C.  Pohlii^  Miill.  Arg. ;  Erismanihus  obliquus,  MiiU.  Arg. ;  Pau^ 
Sandra  Morisiana,  Radlk. ;  Sebastiania  brasUiensis,  Miill.  Arg.,  5.  muUiramea, 
MiilL  Arg. ;  Trigonostemon  laurifolius^  Baill. ; — ^and  finally  Rothdauscher  met 
with  them  in  Aciephila  latifolia,  Benth.  (Phyllantheae).  Here  we  may 
mention  the  sclerenchymatous  cells  (rod-cells  and  sclerenchymatous  fibres), 
which  occur  in  connexion  with  the  trichomes  in  many  Crotoneae ;  they 
will  be  dealt  with  more  fully  in  the  description  of  the  hairs.  The  spirsJ 
tracheids  mentioned  above  occur  only  in  the  spongy  tissue  of  Pogonophora 
SchamburgkiatM,  Miers  ;  they  have  a  tubular  shape,  are  provided  with  a  very 
delicate  spiral  band,  and  are  about  40/L1  in  breadth.  Herbert  has  shown  that 
enlarged  terminal  tracheids  occur  in  species  of  the  genera  Givotia,  Mabea^ 
Sebastiania  and  StiUingia  (of  the  Hippomaneae).  The  special  crystal-idio^ 
blasts  of  the  mesophyll  will  be  described  in  the  section  dealing  with  the  crystalr 
line  elements. 

In  the  structure  of  the  veins  we  may  first  point  out  that  the  vascular 
bundles  may  or  may  not  be  accompanied  by  sclerenchymatous  tissue,. 
In  some  species  of  Euphorbia  (£.  bahiensis,  Boiss.  and  E.  buxifolia.  Lam.) 
the  bundles  are  surrounded  by  a  parenchymatous  sheath  of  large,  wide  cell$. 
(Warming).  The  smaller  veins  are  either  embedded  or  vertically  trans- 
current.  In  the  following  members  of  the  Order  the  latter  is  the  case; 
amongst  the  Phyllantheae  the  genera  Amanoa,  Discocarpus,  Hymenocardia^ 
Lachnostylis,  Richeria  and  Savia,  and  some  of  the  species  of  Aporosa^ 
Hemicydia  and  Securinega;  amongst  the  Crotoneae  some  of  the  species  of 
CroUm ;  amongst  the  Acal3^heae  AUhornea^  Conceveiba,  Macaranga,  MaUotus^ 
Trewia,  and  Bemardia  celastrinea,  Miill.  Arg.,  and  Hevea  (here  vertic^y  trans- 
current  on  the  upper  side  only) ;  amongst  the  Hippomaneae  Hippomane  and 
species  of  Manihot  and  StiUingia, 

Oxalate  of  lime  is  generally  excreted  in  the  form  of  clustered  and  soUtary 
crystals.  Both  forms  may  occur  side  by  side  in  the  same  plant ;  in  other 
cases  there  are  only  clustered  crystals,  or  (extremely  rarely,  in  Pachystroma^ 
only  solitary  crystals,  or  oxalate  of  lime  may  be  entirely  absent.  The  following 
special  forms  of  crystals  of  oxalate  of  lime  have  been  observed  in  this  Order  ; 
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sphaerites,  small  rod-shaped  crystals,  often  bent  like  a  V  or  W,  and  styloids. 
Amongst  the  Crotoneae  Frombling  met  with  sphaerites  of  oxalate  of  bme  in 
the  mesophyll  in  Crotonopsis,  Eremocarfus^  Croton  capitatuSj  MiiU.  Arg.  and 
C.  manatUhogynus,  Michx. ;  of  the  Acatypheae  Acalypha  and  Claoxylon  like- 
wise possesses  sphaerites,  which  lie  in  hemispherical,  projecting  epidermal  cells 
of  the  axis  and  leaf  (Rittershausen) ;  lastly,  they  are  also  f omid  m  ^e  pith  of 
Gdonium^  according  to  Herbert.  The  small  rod-shaped  crystals,  whidi  are  bent 
like  a  V  or  W,  and  recall  the  analogous  forms  of  crystals  fomid  in  the  Papilio- 
naceae,  have  only  been  observed  in  the  mesophyll  of  some  species  of  PhyUanOtus, 
Typically  differentiated  styloids  are  fomid  in  the  bast  in  species  of  PhyUanOtus^ 
in  the  leaf  and  axis  in  Pachysiroma,  and  in  the  bast  of  Bernardia ;  styloids, 
showing  less  typical  differentiation,  occur  in  the  bast  in  CoUiguaya  and  Excoe- 
carta.  The  terminal  cells  of  the  stinging-hairs  of  Cnesmom^  Dalechampia^ 
Lettorhachis  and  Tragia  contain  crystals  resembling  styloids ;  further  details 
will  be  given  below.  The  ordinary  crystalline  elements  of  oxalate  of  Ihne, 
especially  the  clustered  crystals,  more  rarely  the  solitary  crystds,  are  con- 
tamed  in  special  idioblasts,  in  certain  members  of  the  Order ;  these  idioblasts 
are  distinguished  either  by  their  large  or  small  size,  sometimes  also  by  their 
shape.  Very  frequently  they  are  found  in  the  epidermis  of  the  leaf,  either 
singly  or  arranged  in  small  groups,  and  they  are  often  characterized  by  their 
small  size  and  their  rounded  outline  in  surf  ace- view. 

Amongst  the  Ampereae  I  met  with  roundish  ciystal-idioblasts  in  both  the 
upper  and  lower  epidermis  of  Amperea  spartioides,  Brongn. ;  the  clustered  crystals, 
which  they  contain,  are  embedded  in  a  thickening  of  the  inner  wall.  Amongst 
the  Crotoneae  clustered  crystals  in  the  epidermis  of  the  leaf  have  only  been  observed 
in  JulocroUm  triqueter^  MulL  Arg.  On  the  other  hand  they  are  present  in  many 
Acalypheae  and  Hippomaneae.  Amongst  the  Acalypheae  Asrostistachys,  Aleuriies, 
Cleidion,  CoelodiscuSt  Conceveiba  pro  parte,  Homonoya  and  Trewia  possess  idio- 
blasts, which  contain  clustered  ciystals,  but  otherwise  differ  little  from  the  rest  of 
the  epidermal  cells;  in  Acalypha  pro  parte,  Alchamsa,  Claoxylon,  Dalechampia 
and  Mallotus  the  epidermal  cells  contaimng  the  clustered  crystal  are  of  consiaer- 
able  size,  and  consequently  penetrate  into  me  mesophyll ;  the  idioblasts  of  Argyto- 
ihamnia  and  Caperonia,  which  also  contain  clustered  crystals,  are  distinguished 
by  having  a  smaller,  roundish  lumen,  and  by  being  arranged  in  small  groups.  In  some 
other  Acalypheae,  the  idioblasts,  containing  clustered  crystals,  project  uke  papillae 
or  hairs,  but  these  will  be  dealt  with  in  the  description  of  the  hairy  covering. 
Amongst  the  Acalypheae  solitary  crystals  in  the  epidermis  of  the  leaf  have  hitherto 
only  been  observed  in  Cnesmone  javanica,  Bl.  and  in  Dalechampia  scandens,  Miill. 
Arg.  0  fallax.  Amongst  the  Hippomaneae  small  idioblasts,  contaimng  clustered 
crystals,  have  been  shown  to  occur  in  the  epidermis  of  the  leaf  in  species  of  Hippo- 
mane,  Manihot,  Ostodes  and  Pausandra.  Herbert,  who  investigated  this  Tribe, 
was  not  able  in  all  cases  to  determine  with  certainty  whether  the  large  crystal- 
idioblasts,  which  occur  in  other  Hippomaneae,  belong  exclusively  to  the  palisade- 
tissue  or  are  epidermal  cells  depressed  to  the  level  of  the  palisade  ;  these  idioblasts 
either  contain  clustered  crystals  {Acidocroton,  Jatropha  pro  parte,  Givotia)  or 
solitary  oystals  {Erismanthus,  Microdesmis,  Pogonophora,  StiUingia  pro  parte), 
the  latter  being  frequently  inserted  in  a  thickening  of  the  inner  wall. 

Large  crystal-idioblasts,  which  for  the  most  part  have  a  suberized  wall, 
and  are  occupied  by  clustered  or  soUtary  crystals,  are  equally  common  in  the 
mesophyll,  and  sometimes  give  rise  to  transparent  dots  in  the  leaf  *. 

The  mesophyll  in  all  the  investigated  Crotoneae  (Frombling)  contains  large 
crystal-idioblasts  with  suberized  ¥ralls ;   in  the  majority  of  the  Crotoneae  large 


^  TranspArent  dots  in  the  leaf  in  the  Enphorbiaceae  are  also  caused  by  secretory  cells  and 
lacunae  (see  below),  and,  in  certain  species  of  Excoecaria  and  Euphorbia,  by  special  features  of  the 
mesophyll,  viz.  respiratory  cavities  on  the  upper  side  of  the  leaf,  and  the  meshes  in  the  network  ot 
veins  (Radlkofer). 
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clustered  crystals  are  fonnd  in  these  elements,  while  in  Croionopsis,  Eremocarpus, 
Croton  capitatus.  Mull.  Arg.  and  C.  monanthogynust  Michx.  the  latter  contain  the 
sphaerites  mentioned  above.  In  the  Acalypheae  also,  as  far  as  can  be  gathered 
from  Rittershausen's  statements,  this  feature  is  not  rare,  being  found  for  example 
in  Ricinella,  in  which  Radlkofer  first  pointed  out  the  pellucid  dots  caused  by  the 
clustered  crjrstals.  According  to  my  own  observation  I  may  add  that  large  sacs, 
fiUed  with  solitary  crvstals,  are  present  in  the  palisade-parenchyma  of  Bridelia 
sHpulariSt  BL  (Tribe  Bridelieae). 

A  third  special  feature  presented  by  the  crystalline  elements  in  the  leaf 
is  the  occurrence  of  small  clustered  crystals  in  chambered  cells  of  the  palisade- 
tissue  ;  this  feature  is  recorded  by  Rittershausen  in  species  of  Alchornea, 
Cephaiocroton  and  Hevea. 

Having  dealt  with  the  oxalate  of  lime  we  may  add  a  few  words  on  the 
occurrence  of  crystalloids,  crystals  of  abietinic  acid,  sphaerites  in  alcohol 
material  of  Euphorbias,  and  fatty  bodies.  Crystalloids  have  been  observed 
by  Fry  in  the  stem  of  Euphorbia  splendenSy  where  they  occur  in  the  inner  cell- 
layers  of  the  primary  cortex,  and  also  in  the  leaf  (mainly  in  the  mesophyll 
above  the  vascular  bundles  of  the  veins) ;  beautiful  crystalloids  are  also  found 
in  the  latex  of  Jatropha  (see  p.  747).  Pax  mentions  the  occurrence  of  crystals 
having  the  shape  of  a  whetstone  and  consisting  of  abietinic  acid  in  the  cortical 
tissue  of  Euphorbia  splendens,  Sphaerites  are  met  with  in  alcohol  material 
in  the  tissues  of  the  (Jactus-like  Euphorbias,  e.g.  E,  Caput  Medusae,  and  have 
been  investigated  by  various  authors  (Leitgeb,  Kodier,  Schaarschmidt,  Hansen 
and  Belzung).  To  judge  from  a  microchemical  examination  carried  out  by 
Hansen,  they  consist  of  calcium  phosphate,  but  according  to  a  macrochemicaJ 
investigation  bv  Belzung,  they  are  composed  partly  of  calcium  malophos- 
phate,  and  partly  of  calcium  malate.  Fatty  bodies  are  present  in  the  mesophyll 
m  many  members  of  the  Order. 

The  secretory  elements  of  theEuphorbiaceae  require  a  detailed  description, 
especially  as  some  of  them  were  not  quite  correctly  *  interpreted  by  Pax  (in 
Engler,  feot.  Jahrb.  1884,  and  Natiirl.  Pflanzenfam.).  The  following  types 
of  secretory  elements  are  foimd  in  the  Euphorbiaceae,  and  will  be  descnbed 
in  order  :  I.  Laticiferous  cells  ;  II.  Laticiferous  vessels  ;  III.  Rows  of  latici- 
ferous  sacs  ;  IV.  Tannin-sacs  and  rows  of  tannin-cells  ('  g^liederte  Milchsaft- 
rohren  '  and  *  gegliederte  Milchsaf  tschlauche  *  of  Pax) ;  V.  Elongated  secretory 
sacs  wth  wide  lumina,  and  usually  with  brown  contents  ;  VI.  Secretory  cells  ; 
VII.  Secretory  lacunae  ;  VIII.  Mucilj^e-lacunae. 

I.  The  laticiferous  cells  are  confined  to  the  tribes  Crotoneae,  Acalypheae, 
Hippomaneae  and  Euphorbieae.  Amongst  the  Crotoneae  they  are  only  foimd 
in  some  of  the  species  of  Croton  *  (Frombling) ;  in  the  tribe  Acalypheae  only 


*  It  wonld  be  out  of  place  here  to  enter  into  a  detailed  critidtm  of  Pax*8  statements ;  two  points 
onlT  may  be  shortly  referred  to.  The  elements  described  by  Pax  as  laticiferous  vessels  (*  gegliederte 
Milchrohren *)  or  articulated  sacs  ('gegliederte  Schlaache^)  do  not  correspond  to  what  are  called 
laticiferous  vesseb  ('  gegliederte  Milcnrohren ')  in  the  plant-anatomy  of  the  present  day,  but  are  only 
rows  of  cells  with  distinct  transverse  walls  and  special  contents  (mostly  brown  and  tanniniferous) ;  more- 
over the  laticiferous  nature  of  these  contents  in  the  living  plant  has  not  yet  been  proved  either  by  Pax 
or  by  other  observers.  In  the  second  place  the  following  statement  on  p.  5  in  the  Natiirl.  Pflanzen- 
familien  is  only  partially  correct :  '  hauBg  werden  die  Querwande  resorbiert  und  die  Milchrohren 
nehmem  in  hohem  Grade  das  Aussehen  ungegliederter  Schlanche  an,  so  bei  den  Jatropheae,  Manihoteac 
und  Crotoneae.*  This  is  shown  by  the  fact  that  laticiferous  veuels  are  only  known  in  Hevta  and 
Manihotj  while  Jatropha ^  Croton^  &c.,  possess  true  laticiferous  celb. — Similarly  in  view  of  the  wide 
distribution  and  general  use  of  Moller's  book  on  the  anatomy  of  the  cortex  it  seems  advisable  to  refer 
to  the  partly  incorrect  terminology  of  the  secretory  organs  in  the  Euphorbiaceae  employed  in  this 
book  also.  The  laticiferous  cells  are  termed  laticiferous  canals  in  the  bast  of  Andira  brasiltensti 
(  ^JohanneHa  princeps)^  secretory  sacs  in  the  cortex  oi Jatropha  Curcas,  and  laticiferous  sacs  in  the 
hast  of  Baloghia  lucida  ( «  Codiaeum  lucidum), 

'  Namely  Croton  adenophyllus^  Spreng.,  C.  agrarius,  MUll.  Aig.,  C.  argyraHtkemus^  Michx., 
C.   Cafucaray  Benth.,  C.  Cascarilla^  Benn.,  C.  altidifolius ^  Baill.,  C.  chrysocladus,  Mtill.  Aig*, 
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in  the  genera  AleuriieSy  Johannesia,  Macaranga  and  Pachysifoma  (but  according 
to  my  own  observations  not  in  Alchornea  and  MaUotus^  where  they  are  statea 
to  occur  by  Rittershausen) ;  in  the  Tribe  Hippomaneae  in  the  genera  Actino- 
stemon,  AdenocUne^  AdenopeUis^  Codiaeum,  Couiguaya.Dactylostemon,  Excoecaria, 
Hippomane,  Hura^  JcUropha,  Mabea^  Maprounea,  Ostodes^  Paradenocline, 
Sebasiiania,  Senefeldera,  StiUingia  and  Trigonostemon  (Herbert).  In  the  Tribe 
Euphorbieae  the  distribution  of  the  laticiferous  cells  has  been  Uttle  investi- 
gated, and  hitherto  these  elements  have  only  been  demonstrated  in  Euphorbia^ 
in  Mercundlis  and  Ricinus  (Hanstein),  and  PoinseUia  (Pirotta  and  MarcatiU). 
Regarding  their  course  of  development,  Hanstein  and  Chauveaud  have  shown 
that  they  are  differentiated  at  a  very  early  stage  in  the  plane  of  the  cotyledonary 
node,  their  initial  cells  bein§  situated  in  the  outermost  cell-layer  of  the  centraJ 
cylinder ;  the  initial  cells  either  compose  the  whole  of  this  layer,  or  they  are 
arranged  in  it  in  the  form  of  foinr  arcs  ;  in  Croton  a  second  ring  of  initial  cells 
is  found  in  the  middle  of  the  primary  cortex.  The  course  of  the  laticiferous 
tubes  in  the  mature  plant  is  as  follows  :  in  the  axis  they  occm*  in  the  pith  ^ 
bast,  and  primary  cortex,  whilst  in  the  leaf  they  are  found  in  the  veins  and 
sometimes'  also  free  in  the  mesophyll.  The  laticiferous  tubes,  which  run 
freely  in  the  mesophyll,  sometimes  exhibit  a  very  striking  relation  to  the  assimila- 
tory  system  (Haberlandt),  and  not  uncommonly  extend  as  far  as  the  epidermis 
of  the  leaf.  The  wall  of  the  laticiferous  tubes  is  sometimes  (e.g.  in  the  fleshy 
Euphorbias)  exceptionally  thick,  and  is  often  provided  with  large  pits.  The 
thick  transverse  walls,  observed  by  De  Bary  and  Dippel  in  the  older  latici- 
ferous tubes  of  Euphorbia  Lathyris^  appear  to  be  secondary  formations.  The 
contents  are  generally  milky  in  the  living  plant ;  in  herbarium-material  they 
have  a  brown  or  grey  colour.  Dietz  has  shown  that  a  number  of  crystal- 
lizable  organic  substances  are  present  in  the  coagulated  latex  of  the  Euphorbias  ; 
the  latex  also  frequently  contains  tannin.  Treub  found  nuclei  in  the  latici- 
ferous tubes  of  the  Euphorbias.  The  following  special  substances  are  found 
in  the  contents  of  the  laticiferous  tubes  :  clustered  crystals  of  oxalate  of  Ume 
(in  Hura  and  Mabea,  according  to  Herbert) ;  crystalloids  having  the  form  of 
tetragonal  flakes  witix  rounded  comers  (in  Jairopha,  according  to  Tr^cul  and 
Herbert) ;  finally,  rod-  or  bone-shaped  starch-grains  (in  Euphorbia  splendens 
and  other  species,  and  also  in  Hura  crepitans^  Miill.  Arg.). 


C  tiliaio-glamUilosus,  Ortega,  C,  comosust  MUU.  Arg.,  C,  CortesiofmSf  H.  B.  K.,  C,  discolor^  Willd., 
C  txubtrans,  Miill.  Arg.,  CJUwens,  Miill.  Arg.,  C.  frwnis,  Miill.  Arg.,  C.fruticuhsus,  Miill.  Arg., 
C.  n^aalipes,  Baill.,  C.  humih's,  L,.,  C.  incer/us,  Mull.  Arg.,  C.  KhtMschii,  Miill.  Arg.,  C.  lachn^- 
cUuiuSy  Mart ,  C.  linearifolius,  MiilL  Arg^  C.  linearis^  Tacq.,  C.  lobahts,  MUU.  Arg.,  C.  Lumiiamts, 
MAIL  Aig.,  C  morifolius^  Miill.  Arg.,  C.  onganif alius,  Mull.  Aig.,  C.  pallidus.  Mull.  Arg.,  C.  pana- 
mensis,  MaiL  Arg.,  C  paraimU,  Mtill.  Arg.,  C.  paulinus,  MiUl.  Arg.,  C.  pedicellaius,  H.  B.  K., 
C.  J^kliamts,  Mml.  Arg.,  C.  fmUgiodoms,  Baill.,  C  pungens,  MiilL  Aig.,  C.  rhamnifolius,  Miill. 
Arg.,  C.  SagraeanuSf  MUU.  Arg.,  C.  sclerocafyx.  Mull.  Arg.,  C  semivestitus^  Mull.  Arg.,  C  SoIimoH, 
Cham,  et  Schlecht.,  C,  stipulaceus,  H.  B.  K.,  C.  subacutus,  MUU.  Arg.,  C.  subvillosus,  MUU.  Arg., 
C  tridiHlahis,  Mart.,  C.  Urttcurana,  Baill,  C  Vauthierioftus^  BailL,  C.  vtpretorum^  MUU.  Aig., 
C.  WUsmU^  Griieb.,  C.  xalapensis,  H.  B.  K. 

^  The  latidferoas  cells  aze  never  found  solely  in  the  pith.  Rittershausen*8  statements  regarding 
their  oocnrring  exdnsively  in  the  pith  in  Alchornea^  AUurites  and  MallUus  require  correction,  as 
shown  by  the  foUowing  data  :  firstly,  in  Alchorma  (according  to  my  own  examination  of  A,  cordaia, 
MdU.  Arg.)  latidferoos  tubes  are  not  present — elongated  secretory  sacs  may  possibly  be  present  in 
some  of  the  species  examined  by  Rittershausen,  and,  if  so,  were  incorrectly  interpreted  by  him ; 
secoodly,  the  laticiferous  cells  of  AUurites  {A,  moiuccatut,  Willd.)  occur  not  only  in  the  pith,  but 
also  in  the  bast  and  primary  cortex ;  and  thirdly,  the  laticiferous  cells,  mentioned  b^  Rittmhaosen 
as  occnrring  in  the  pith  of  Mailo/us,  are  really  secretory  sacs  (see  under  V)  accordmg  to  my  own 
examination  of  M,  orecphilus,  MiUl.  Arg. 

'  According  to  Rittershausen,  amongst  the  Acaljpheae  in  Pachy stroma  only;  according  to 
Fiombling,  in  aunost  all  species  of  Croton ;  according  to  Herbert,  (jnite  generally  in  the  Hippomaneae; 
according  to  MarcatiU  and  Pirotta,  in  Euphorbia  and  Poinsettta  (cf.  also  Haberlandt,  Groom  and 
Scott,  11.  cc). 
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II.  The  latidferous  vessels  are  only  found  in  two  genera,  viz.  Hevea  (well- 
known  caoutchouc-plants)  and  Manihot,  where  they  were  first  observed  by 
Scott,  Calvert  and  Boodle.    They  occur  chiefly  in  the  bast  of  the  vascuki 


Fig.  180  (a).  A,  Crateriform  secretory  cell  of  Croton  monanthogynus^  Michz.  b.  Pyriform  secretory  cell 
of  Julocrotan  fuscasctms^  Baill.  c,  Secretory  cell  in  the  leaf  of  Croion  efnemophilu^  MQll.  Arj^.  d-p,  Stellate 
or  tufted  hairs  with  secretory  cells  at  their  base :  D,  Croitm  subacuiiu^  MOU.  Ar^. ;  B-p,  C  ^tU^jriodoruty^BttxW, 
G-L,  Various  trichomes:  G,  C*.  exuUrans^  MolL  Arg.;  H,  C.  agoensis^  BailL  :  i,  JidoaroHm  futcuctm^  BailL  ; 
K,  CrotoH  discolor^  W. ;  l^  C.  florHmndus.  Sprens^.  M,  Patelliform  j^land  of  C.  glandulasusy  MQlI.  Arr.,  secttoo. 
N,  Glandular  margin  of  the  leaf  of  C.  re/rachuJw!iS\,  Arg.  in  section,  o,  Morulose  gland  of  C.  diiah-^iaudu- 
losus^  Ort.  p-Qi  Stinging  hairs  of  Tragta  cUseuUs,  MQll.  Arg.  s-s,  Hairs  containing  clustered  crystau,  frooi 
FfuAene/ia.'-A-u,  Q-n  and  M-o  after  Pr5nibling,  b-f,  i-k  and  P-Q  Original,  L  alter  .,Bacha^uin,  R-5  after 
Ritterahausen. 

bundles  in  the  axis  and  leaf ;  but  they  have  also  been  met  with  in  the  primary 
cortex  in  Hevea  (Rittershausen),  and  at  the  margin  of  the  pith  and  in  the 
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primary  cortex  in  Manihoi.  In  the  living  plant  their  contents  are  milky  in 
ilevea,  of  the  nature  of  a  watery  sap  in  Manihot.  Nudei  have  been 
demonstrated  in  the  latidf erous  tubes  of  Manihot. 


Fia  i8o  {b). 


III.  The  rows  of  laticiferoua.  sacs  are  confined  to  the  fi'enus  Micrandra 
(Frdmbling).  The  cells  forming  tibese  rows  have  rather  wide  lumina,  show 
various  degrees  of  elongation,  and  in  herbarium-material  are  filled  with  granular 
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contents  having  a  grey  colour.  In  the  axis,  they  are  present  in  the  pith,  bast, 
and  primary  cortex,  while  in  the  leaf  they  run  independently  of  the  veins, 
being  free  in  the  mesophyll,  where  they  form  long  chains  of  cells.  The  expres- 
sion '  rows  of  laticiferous  sacs '  is  justified  by  the  fact  that  the  species  of 
Micrandra  are  described  as  trees  with  latex,  and  that  other  secretory  organs 
are  not  present. 

IV.  Elements  very  widely  distributed  in  almost  all  the  Tribes  are  cells 
filled  with  brown,  tanniniferous  contents  (in  herbarium  material) ;  these 
elements  are  often  distinguished  from  the  adjoining  cells  by  the  size  of  their 
lumina,  or  by  their  ^[reater  elongation,  and  either  occur  smgly  or  united  in 
groups ;  they  are  chiefly  found  in  the  bast,  but  are  also  present  in  the  pith 
and  primary  cortex  of  the  branch.  Pax  terms  these  elements  articulated  sacs 
(geghederte  Schlauche),  articulated  laticiferous  sacs  (gegUederte  Milchsaft* 
schlauche),  or  even  (inadmissibly)  articulated  laticiferous  tubes  (gegUederte 
Milchsaftrdhren),  and  ascribes  great  systematic  importance  to  them  for  the 
subdivision  of  the  Euphorbiaceae  according  to  his  scheme  of  classification. 
According  to  more  recent  observers,  and  my  own  views  also.  Pax  has  certainly 
gone  too  far  in  this  respect.  The  elements  m  question  are  frequently  connected 
with  ordinary  tanniniferous  cells  by  transitioned  forms,  so  that  it  is  often  difficult 
to  decide  whether  the  tanniniferous  cells  of  a  given  plant  should  be  regarded 
as  Pax's  elements  or  not.  The  contents  of  these  elements,  at  any  rate  in 
herbarium-material,  give  no  more  assistance  than  does  their  shape  towards 
making  a  clear  dia^osis;  moreover  not  a  single  case  has  hitherto  been 
recorded  in  which  the  contents  have  proved  to  be  characteristic  and  of  the 
nature  of  latex,  in  the  Uving  plant. 

V.  The  fifth  kind  of  secretory  organ  is  formed  by  elongated  sacs,  which 
mostly  have  wide  lumina,  and  are  generally  filled  with  brown  contents  in 
herbarium-material.  They  are  often  very  long,  and  are  then  easily  confounded 
with  laticiferous  cells,  unless  their  development  is  investigated,  especially  as 
the  laticiferous  cells  often  possess  similar  brown  contents.  In  order  that  such 
mistakes  may  be  avoided,  it  maybe  noted  that  the  secretory  sacs  usually  occur 
solely  in  the  pith,  while  this  is  never  the  case  with  the  laticiferous  ceUs,  and 
that  they  generally  have  a  larger  diameter  (reaching  95/*)  than  the  latter. 
In  some  cases  {MaUotus  orcophuus,  Miill.  Arg.)  the  secretory  sacs  in  a  trans- 
verse  section  of  the  branch  are  surrounded  by  a  ring  of  cells,  having  small 
lumina  and  resembling  an  epitheUum.  They  occur  in  the  pith,  and  sometimes 
also  in  the  bast,  pericycle,  and  primary  cortex.  They  have  been  observed  in 
species  of  MaUotus  and  Alchornea  (Tribe  Acalypheae),  and  species  of  GivoHa, 
Pausandra  and  Pogonophora  (Tribe  Hippomaneae,  according  to  Herbert). 

VI.  Secretory  cells,  viz.  idioblasts  with  oily  or  resinous  contents,  are  only 
known  to  occur  in  Ricinus^  and  in  the  genera  Croton^  JidocroUm^  CroUmopsts 
and  Eremocarpus  of  the  Crotoneae,  that  is  to  say  in  all  the  Eucrotoneae  (with 
the  exertion  of  a  few  species  of  Crototiy  belonging  to  the  section  Asiraea). 
In  the  Eucrotoneae  they  frequently  give  rise  to  transparent  dots  in  the  leaf. 
The  secretory  cells  of  Ricinus  communis^  L.  are  large  cells  present  in  the  epider- 
mis on  both  sides  of  the  leaf,  and  penetrating  somewhat  into  the  mesophyll, 
whilst  only  a  small  portion  of  the  wall  of  these  cells  reaches  the  surface  of  the 
leaf ;  they  are  more  commonly  met  with  on  the  under  side  of  the  lamina,  where 
they  usually  have  an  elongated  shape ;  they  contain  a  secretion,  which  is 
yellowish-brown  in  the  dried  plant,  but  bright  and  strongly  refractive  in  the 
living  plant.  The  following  statements  may  be  made  regarding  the  secretory 
cells  of  the  Eucrotoneae.  They  are  absent  in  only  a  few  species  of  CroUm 
belonging  to  the  section  Astraea  (C.  comosus^  Miill.  Arg.,  C.  Klotxschii^  Hiill. 
Arg.,  C.  lobaius^  Miill.  Arg.  and  C.  paulinus^  Miill.  Arg.) ;  a  further  peculiarity 
of  these  species  is  the  absence  of  the  intraxylary  soft  bast  characteristic  of  the 
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Eucrotoneae,  and  for  these  reasons  they  should  probably  be  excluded  from 
the  latter  Tribe.  In  herbarium-material  the  secretory  cells  of  the  Eucrotoneae 
have  bright-yellow  translucent,  oily  contents  readily  soluble  in  alcohol  and 
ether ;  their  walls  are  suberized ;  in  many  cases  they  emit  an  aromatic 
scent,  which  is  usually  agreeable,  and  is  recognizable  even  in  herbarium- 
material.  They  are  found  both  in  the  leaf  and  axis.  In  the  axis,  they  occur 
in  the  epidermis,  pith  and  primary  cortex,  and  also  in  the  bast ;  in  tixe  first 
three  tissues  they  are  mostly  spherical  in  shape,  while  the  secretory  cells  in  the 
phloem  are  elongated  and  tubtdar.  In  the  leaf,  they  are  found  in  the  epidermis 
and  mesophyll.  In  the  latter  tissue  they  have  a  spherical  or  long  oval  shape, 
according  as  they  belong  to  the  spongy  or  palisade-tissue.  The  epidermal 
secretory  cells  vary  greatly  in  shape,  and  according  to  Frdmbling  the  following 
forms  may  be  distinguished :  (i)  secretory  cells,  situated  on  a  level  with  the 
epidermis,  and  only  distinguished  from  the  rest  of  the  epidermal  cells  by  their 
spherical  shape  and  their  contents ;  (2)  secretory  cells  projecting  above  the 
epidermis  as  papillae,  but  again  possessing  a  completely  spherical  shape ; 
(3)  papillose  secretory  cells,  projecting  more  strongly,  and  either  crateriform 
(Fig.  180,  A)  or  pyriform  (Fig.  180,  B) ;  (4)  depressed  secretory  cells,  lying  on 
a  lower  level  than  the  remaining  epidermal  cells  ;  only  a  small  portion  of  the 
wall  of  these  elements  reaches  the  surface  of  the  leaf,  and  thus  limits  part  of 
the  pit-like  depression  situated  above  the  secretory  cell ;  the  latter  has  a 
spherical  or  long  tubular  shape  and  penetrates  into  tne  mesophyll  (Fig.  180,  C). 
Regarding  the  distribution  of  the  secretory  cells  in  the  tissues  of  the  leaf,  the 
following  points  remain  to  be  mentioned.  The  secretory  cells  are  found  in  the 
epidemus  of  the  leaf  ^  in  all  species.  They  are  never  restricted  to  the  upper 
^idermis,  for  when  present  there  they  are  also  found  in  the  lower  epidermis. 
They  are  of  rare  occurrence  in  the  mesophyll  (Croton  amabilis^  Miill.  Arg., 
C.  compressuSf  Lam.,  C.  corylifolius^  Lam.,  C.  graUssimuSy  Burch.,  C.  hemiar- 
gyreus^  Miill.  Arg.,  C.  Mubango^  MiUl.  Arg.  and  C.  reUculaius^  MiiU.  Arg.,  and 
also  JulocroUm  fuscescenSy  Baill.).  A  specially  notewc^hy  feature  is  the 
presence  of  secretory  cells  in  the  epidemus  of  the  pedestals  of  the  stellate  and 
tufted  hairs  (Fig.  180,  D-F),  It  is  mipossible  to  establish  a  definite  rule  regard- 
ing the  distribution  of  the  various  forms  of  epidermal  secretory  cells,  since 
different  types  are  frequently  present  side  by  side  in  the  same  plant.  According 
to  Frombling,  however,  tubukr  secretory  cells  traversing  the  entire  thickness 
of  the  leaf,  and  those  of  crateriform  shape,  appear  to  be  characteristic  of  definite 
groups  of  species  ;  this  is  seen  to  be  the  case  if  the  list  of  species '  enumerated 
for  this  purpose  in  the  foot-note  below  be  compared  with  the  classification 
given  by  Miiller  Arg.  It  may  be  added  that  the  crateriform  secretory  cells 
are  in  most  cases  (exception  Croton  askoites^  Miill.  Arg.)  found  only  on  the 


1  Frombling*8  sUtement  (on  p.  49  of  his  treatise)  that  in  Croton  reticuiatus  secretory  cells  occur 
only  in  the  spongy  tissue  is  a  mistake,  which  may  be  corrected  here. 

*  The  following  species  possess  crateriform  secretory  cells :  Croton  agoensis,  BailL,  C.  amabilis, 
MulL  Arg.,  C.  astroites,  Miill.  Arg.,  C,  botulinus,  Vahl,  C.  buxifolius,  Mull.  Arg.,  Ccapitatus, 
MiiU.  Arg.,  C.  CatinganuSy  Miill.  Arg.,  C.  ceanothifolius,  Baill.,  C  cneorifolius^  Miill.  Arg.,  C.  com- 
frossusy  Lam.,  C.  Corchoropsis,  BailL,  C.  Jhribundus,  Spreng.,  C.  Gaudichaudi^  Baill.,  C,  gratissi- 
wmty  Burch.,  C,  hemiargyreus,  Miill.  Arg.,  C.  longinervius^  Miill.  Arg.,  C.  maritimus,  Walt,  C 
muans,  Miill.  Arg.,  C.  migrans,  Casar.,  C.  Mubango,  Miill.  Arg.,  C.  PaUmostigma,  Klotzsch, 
C.  teneUus,  Miill.  Are.,  C.  vtrbenaefolius,  Miill.  Arg.,  C.  Widgrenianus,  Mull.  Arg. ;  Julocroton 
argonteus^  Fr.  Didridis., /.  fuscescens,  Baill.,  /.  stQmlaris,  Miill.  Arg.,  /.  triqueter,  Miill.  Arg. ; 
Eftmocarpus  setigerus,  ^enth.  Elongated  secretory  cells,  which  traverse  a  portion,  or  often  the 
whole  of  the  mesophyll,  have  been  observed  in  Croton  BontAamtanm,  Miill.  Ar^.,  C.  Beiulaster, 
Miill.  Arg.,  C,  cerino-dentatus,  Miill.  Ar^.,  C  dickotomus,  Miill.  Arg.,  C.  ertmaphilus,  Miill.  Ai^., 
C.  giutinosus,  Miill.  Arg.,  C  growiaifohus,  Miill.  Arg.,  C.  Hjalmarsonii,  Griseb.,  C.  lucidus,  L., 
C.  Lundianus,  Miill.  Are.,  C,  matouremist  Miill.  Arg.,  C.  muscicapa,  Miill.  Arg.,  C.  oxyphyllus, 
Mtai.  Arg.,  C  scUroeeJjtXf  MillU  Arg.,  C.  sincorensis,  Mart.,  6'.  timandroidis,  Miill.  Aig.,  C. 
wgultcsuSy  Mdll.  Arg. 
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lower  side  of  the  leaf,  and  only  in  species  the  leaves  of  which  bear  a  dense 
hairy  covering.  Regarding  the  general  distribution  of  the  forms  of  secretory 
cells  described  above  amongst  the  genera  of  the  Eucrotoneae,  the  following 
statements  may  be  taken  from  Frombling's  work.  In  Croton  all  the  different 
types  ocoir,  viz.  secretory  cdls  in  the  mesophyll  (in  a  few  of  the  species,  see 
above),  and  the  various  forms  of  secretory  cells  found  in  the  epidermis ;  in 
Julocroton  there  are  secretory  cells  in  the  mesophyll  {Julocroton  fuscescens^ 
Baill.),  and  those  of  crateriform  shape  in  the  epidermis ;  in  Crotonopsis  the 
second  and  fourth  tj^pes  of  epidermal  secretory  cells  are  present ;  finally  in 
Eremocarpus,  crateriform  secretory  cells  only. 

VIL  The  secretory  lacunae,  observed  by  Herbert  in  almost  all  species 
of  the  two  genera  Cluytia  and  Gelonium  (exception :  Cluytia  alaUrnoides^ 
Miill.  Arg.)  belonging  to  the  Hippomaneae,  are  unique;  they  frequently 
give  rise  to  well-marked  transparent  dots  in  the  leaf,  and  their  structure 
recalls  that  of  the  intercellular  secretory  receptacles  of  Derris,  Lonchocarpus 
and  other  Leguminosae.  The  spongy  tissue  of  the  two  genera  mentioned 
above  contains  rather  large  intercellular  spaces,  filled  with  a  colourless, 
or  ydlow,  or  brown  secretion,  and  surrounded  by  secretory  cells,  which  for 
the  most  part  have  a  serpentine  form.  Closed  intercellular  secretory  spaces, 
provided  with  an  epithelium,  have  not  been  observed. 

VIII.  Mucilage-lacunae,  or  rather  groups  of  cells  with  mucilaginous  walls^ 
were  first  met  with  by  Vesque  in  the  primary  cortex  of  Bischoffia  javanica^ 
and  subsequently  by  Rothdauscher  in  other  Phyllantheae  also  (viz.  species  of 
AfUidestna,  Baccaurea,  Hieronyma^  Hymenocardia  and  Securinega),  and  by 
Rittershausen  in  Adriana  (Acals^heae). 

Having  described  the  secretory  organs,  we  may  now  deal  with  the  tri- 
chomes,  which  may  be  divided  into  three  groups :  I.  Clothing  hairs;  II.  External 
glands  ;  III.  Stinging  hairs  (including  the  hairs  containing  clustered  crystals). 

I.  The  clothing  hairs  include  a  large  number  of  forms.  In  the  simplest 
case  they  are  unbranched  unicellular  or  uniseriate  structures.  A  type  of 
clothing  hairs  found  by  Rothdauscher  in  the  Phyllantheae  consisted  of  simple 
and  unicdHular  or  septate  hairs,  the  latter  being  divided  by  a  few  walls ; 
according  to  my  own  investigation  Bridelia  sHptdaris,  Bl.  (Tribe  BrideUeae) 
possesses  unisenate  trichomes ;  the  Crotoneae,  according  to  Frombling,  have 
unicellular  hairs,  but  (excepting  species  of  Croton  belonging  to  the  section 
Astraea)  these  hairs  never  occur  alone,  but  are  alwaj^  accompanied  by  other 
more  compHcated  trichomes  (stellate  and  tufted  hairs) ;  according  to  Ritters- 
hausen both  forms  of  hairs  are  widely  distributed  in  the  Acalypheae,  whilst 
unicellular  trichomes  are  present  in  Dalechampia  (Tribe  DaJechampieae) ; 
finally  Herbert  also  mentions  simple  unicellular,  or  rarely  uniseriate  trichomes 
as  occurring  in  the  Hippomaneae.  The  following  special  forms  of  the  simple 
clothing  luurs  are  noteworthy :  (a)  unicellular  two-armed  trichomes,  which 
have  thick  or  thin  walls,  and  have  narrow  lumina  in  the  former,  and  wider 
lumina  in  the  latter  case  ;  they  occur  in  the  genus  Argyrothamnia  (Acalypheae), 
and  in  the  genus  Pawsawiira  (Hippomaneae) ;  (b)  the  trichomes  of  SarcocWnfUW, 
which  are  quite  short,  and  have  rather  wide  lumina  and  thick  walls,  and  the 
trichomes  of  Coelodiscus,  which  are  likewise  very  short  and  have  thick  walls, 
and  are  mostly  bent  Uke  a  hook  at  the  apex ;  lastly  (c)  the  branched  multi- 
cellular trichomes  found  in  PhyllatUhus  rettculatus,  Miill.  Arg.,  and  in  the  genus 
Mabea  (Hippomaneae).  The  trichomes  of  PhyUatUhus  reticulaius  are  dichoto- 
mously  branched,  the  axis  and  branches  consisting  of  a  row  of  thin-walled  cells. 
The  branched  hairs  of  the  species  of  Mabea  sie  shaped  like  antlers  ;  the  main 
axis  and  its  branches  are  formed  by  a  row  of  cells,  which  have  thick  walls  and 
narrow  lumina,  the  terminal  cells  of  the  branches  being  provided  with  narrow 
lateral  protrusions,  an  indication  of  branches  of  the  second  order.   The  following 
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types  of  clothing  hairs  exhibiting  a  more  complicated  structure  are  found  in' 
um  Order  :  (a)  tufted  and  stellate  hairs  with  transitions  to  peltate  hairs  (the 
former  in  the  Ricinocarpeae,  Phyllantheae,  Crotoneae,  Acalj^heae  and  Hippo- 
maneae»  the  latter  in  certain  representatives  of  the  Phyllantheae,  Crotoneae, 
Acalypheae  and  in  the  doubtfm  genus  Aextoxicotiy  which  is  referred  to  the 
Euphorbiaceae  by  Bentham  and  Hooker) ;  (h)  simple  shaggy  hairs,  i.e.  bi«  or 
multiseriate  trichomes  (in  representatives  of  the  Phyllantheae  and  Acal3^heae) ; 
and  (c)  candelabra-hairs  with  a  multiseriate  main  axis  (in  Croton,  Fig.  180,  K). 
We  maj^  add  that  the  stellate,  tufted  and  peltate  hairs  are  often  seated  on 
multiseriate  stalks  of  varying  length. 

In  the  following  paragraphs  the  more  compHcated  trichomes  will  be  described 
in  detail  under  the  individual  Tribes.  Amongst  the  Ricinocarpeae,  I  have  observed 
tufted  hairs  in  Ricinocarpus,  Beyeria  and  Bertyay  where  they  nil  the  furrows  of  the 
rolled  leaves.  The  ray-cells  in  this  case  are  either  sunk  in  the  epidermis  of  the 
leaf  or  are  seated  on  a  short,  multiseriate  stalk.  SteUate  hairs  are  also  mentioned 
by  systematists  as  occurring  in  the  genus  Beyeriopsis^  which  belongs  to  the  same 
Tribe. 

In  the  Phyllantheae,  clothing  hairs  of  complicated  structure  are  not  com- 
mon. According  to  Rothdauscher,  Andrachne  aspera,  Spreng.  possesses  uniseriate 
trichomes  with  a  short,  almost  spherical,  though  apparently  not  secretory,  terminal 
cell,  and,  accompanying  these,  similarly  constructed  shaggy  hairs,  which  are  bi- 
seriate  at  the  base,  but  either  b^ome  uniseriate  above,  and  terminate  in  a  spherical 
cell,  or  fork  into  two  uniseriate  branches,  each  of  these  having  a  spherical 
terminal  ceU.  Peltate  hairs  occur  in  the  genus  Hieronyma  ;  the  shield  is  composed 
of  a  large  number  (up  to  36)  of  thick-walled  ray-cells,  which  bend  downwards  near 
the  centre  of  the  shield,  and  thus  form  the  stalk,  the  latter  being  sunk  in  the  epi- 
dermis ;  the  peltate  hairs  of  the  genus  Hymenocardia  (which  is  lucewise  described 
as  scaly)  are  bladder-like  and  glandular,  and  will  be  described  in  greater  detail 
amongst  the  external  glands.  Stellate  or  tufted  hairs  appear  to  be  very  rare 
among  the  Phyllantheae ;  the  only  record  I  am  aware  of  is  a  statement  made  by 
MuUer  Arg.  in  DC.  Prodr.  on  the  rare  occurrence  of  stellate  hadrs  in  the  genus 
Baccaurea. 

In  the  Crotoneae,  the  third  Tribe  to  be  considered,  the  forms  of  the  trichomes 
are  very  varied.  T3rpical  simple  hairs  are  extremely  rare  in  this  Tribe,  as  remarked 
above,  and  where  they  occur,  they  mostly  appear  as  rudimentary  forms  of  more 
complicated  trichomes  (Fig.  180,  C),  Frombling,  whose  description  I  follow  here, 
divides  the  trichomes  having  a  more  compHcated  structure  into  two  groups : 
(a)  hairs  with  a  distinctly  developed  central  cell ;  and  (6)  hairs  without  a  central 
cell,  or  those  in  which  a  central  cell,  though  originally  present,  is  not  recognizable 
in  the  mature  condition.  In  those  hairs,  which  have  a  distinctly  developed  central 
cell,  the  latter  is  either  not  specially  prominent,  or  forms  a  '  central  ray '  of  vari- 
able length  and  structure.  The  hairs  with  a  central  cell  belong;  either  to  the 
peltate  or  stellate  t3q>e ;  amongst  the  latter  Frdmbling  only  includes  those  tri- 
chomes in  which  the  rays  run  in  a  flat  or  funnel-shaped  plane,  and  are  only  connected 
with  one  another  basally.  Numerous  transitions  are  to  be  found  between  the 
stellate  and  peltate  hairs.  The  stalk  of  the  trichomes  in  question  is  short  or  of  some 
little  length,  and  consists  of  several  rows  of  cells  ;  not  uncommonly  the  component 
cells  are  suberized  at  a  certain  level  throughout  the  whole  thickness  of  the  stalk. 
According  to  O.  Bachmann  and  Radlkofer  the  occurrence  of  a  small  lower  scale 
is  specially  characteristic  of  the  peltate  hairs  (Fig.  180,  L)  and  of  the  forms  of 
stellate,  hsurs  most  nearly  related  to  them  ;  below  the  actual  shield  in  these  cases 
one  finds  a  second  central  layer  of  smaller  ceUs,  which  are  mostly  provided  with 
large  pits.  The  composite  trichomes  with  no  central  cell  are  divided  oy  Fr6mbHng 
into :  (a)  tufted  hairs,  in  which  the  ray-cells  are  directed  upwards,  and  are  usually 
sunk  in  the  epidermis,  or  are  attached  to  a  more  or  less  elevated  portion  of  the 
latter,  i.e.  to  a  kind  of  pedestal ;  (h)  stalked  star-shaped  hairs,  in  which  the  ray- 
cells  are  borne  on  a  stalK  (usually  rather  long),  and  extend  irregularly  in  sdl  direc- 
tions ;  finally,  (c)  candelabra-hairs  (Fig.  180,  K)^  consisting  of  a  cylindrical,  multi- 
seriate  main  axis,  some  of  the  superficial  ceUs  of  the  latter  being  produced  into 
rays,,  which  are  often  arranged  in  tiers. .  Between  these  three  forms  of  trichomes 
transitions  are  found.     Their  stalks  often  possess  suberized  ceU-areas  like  those: 

SOLEKEDER  3  ^ 
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in  the  stalks  of  the  peltate  and  stellate  hairs.  Epidermal  secretory  cdls  are  fre- 
auently  ^  present  in  the  pedestals  of  the  tufted,  star-shaped  and  candelabra-hairs 
(Fig«  i8o»  D-F),  In  many  species  of  the  Crotoneae  parench3rmatous  or  pros* 
enchymatons  sclerenchyma-cells  are  associated  with  all  the  forms  of  trichomes 
mentioned  above  as  occurring  in  this  Tribe»  with  the  exception  of  the  candelabra- 
hairs  ;  these  sclerenchymatous  cells  belong  to  the  mesophyll,  but  are  so  intimately 
connected  with  the  hairs  that  they  may  be  regarded  as  an  integral  part  of  the 
latter.  In  sessile  hairs  the  sclerenchyma-cells  immediate^  adjoin  the  Dase  of  the 
hair»  whilst  in  the  stalked  hairs  they  traverse  the  stalk*  The  precise  nature  of  the 
8clerench)rma-cdls  varies  according  to  the  species.  In  the  simplest  case  they  are 
8h|;htly  sclerosed  cells  of  the  palisiade-tissue  (e.g.  in  Croton  exuberans,  MiklL  Arg. 
(Fig.  1 80,  G),  or  C.  chamaedryfolius^  Griseb.).  In  other  cases  (e.g.  C.  cuneatus, 
Klotzsch)  they  are  of  the  same  nature,  but  are  more  stron^y  sclerosed.  In  C. 
antisiphyliHcus,  MulL  Ar^;.,  for  example,  the  sclerenchyma-cdls  penetrate  further 
into  the  mesophyll  than  m  the  cases  mentioned  above ;  at  some  points  they  even 
traverse  nearly  the  entire  thickness  of  the  spongy  tissue,  thus  coming  into  contact 
with  the  epidermis  on  the  other  side.  Not  uncommonly  the  groups  of  scleren- 
chymatous fibres,  connected  with  two  trichomes,  situated  opposite  one  another 
on  the  upper  and  lower  side  of  the  leaf  respectivdy,  have  their  ends  dovetailed, 
so  that  they  unite  to  form  a  sclerenchymatous  column,  traversing  the  entire  thick- 
ness of  the  leaf  perpendicularly  (Fig.  180,  /).  It  remains  to  mention  the  case, 
illustrated  for  example  by  C.  agomsis^  Baill.  (Fig.  180,  /f),  in  which  the  sclerenchy- 
matous fibres,  connected  with  the  trichome,  terminate  in  the  mesophyll  like  roots. 
Regarding  the  distribution  of  the  sclerenchyma-ceUs  in  question,  amongst  the 
Crotoneae  it  may  be  stated  that  they  have  been  observed  only  in  Croton  SLndJuUh- 
croton ;  for  further  details  the  reader  is  referred  to  the  foot-note '  and  to  I^m- 
bling's  statements.  To  conclude  the  subject  of  the  trichomes  of  complicated  type 
found  in  the  Crotoneae,  it  remains  to  mention  that  they  occur  in  all  the  genera  of 
this  Tribe  except  Micrandra,  but  that  peltate  hairs  have  been  met  with  in  Croton 
and  Crotonopsis  only,  and  candelabra-hairs  in  Croton  only. 

In  the  Acalypheae,  according  to  Rittershausen,  tufted,  stellate  and  p^tate 
hairs  are  present,  as  well  as  shaggy  hairs.  The  tufted  hairs  are  the  most  widely 
distributed  {Acalypha,  Alchomea^  Ar^yrothamnia^  Bemardia,  Cephalocroton,  Coe- 
lodiscust  Conceveiba,  Croxophora^  Mallotus  and  Pera),  They  generally  consist  of 
a  large  number  of  unicellular  trichomes,  which  are  sunk  side  by  side  in  the  epider- 
mis.   In  some  cases  (Crozophora^  Mailotus)  they  possess  multiseriate  stalks  of  varying 


^  Croton  agrttfiusj  Miill.  Arg.,  C.  CcLScarilla,  Benn.,  C.  celtidifoUuSt  Bail!.,  C,  chrysocUuius, 
MOIL  Arg.,  C.  cUiato-glandtUosus,  Ortega,  C.  Coriesianus,  H.  K  K.,  C.  discohr,  Willd.,  C.  Jlavens, 
MiUL  Arg.,  C.  Frionis,  Miill.  Arg.,  C.fruHculosus^  Miill.  A^.,  Cgracilipes,  Baill.,  C  Mumi/is,  L., 
C.  incertus,  Miill.  Arg.,  C  lacknocladusy  Mart.,  C.  linearis,  Jacq.,  C,  tttorif alius,  Miill.  Arg.,  C.  ori* 
ganifolius,  Miill.  Arg.,  Cpallidus,  Miill.  Ar^.,  C  panmmensis,  MOll.  Arg.,  Cpataemis,  MiilL  A^., 
C,  Pohlumus,  Miill.  Arg.,  C.  puUgiodorus,  Baill.,  C.  puttgens,  MiilL  Kxg^  C.  rhamnifolius,  Miul. 
Arg.,  C.  SagraeanuSf  Mull.  Arg.,  C.  stmivesHtus,  Miill.  Arg.,  C  Soliman,  Cham,  et  Schlechu, 
C.  stijmlacius,  H.  R  K.,  C.  subacuius,  MOll.  Aig.,  C.  subvillosus,  Miill.  Arg.,  C.  Urucurana,  Baill., 
C  Vautkiiranus,  Baill.,  C.  vepretorum,  Miill.  Arg.,  C,  xcUapensis,  H.  B.  K.  All  these  species  have 
latidferoas  cells  also  (see  p.  746,  footnote  a). 

'  In  the  following  enumeration  of  the  species  exhibiting  a  distinct  connexion  of  sclerenchyma 
with  the  trichomes,  the  words  *  column,*  <  root-like'  and  *  palisade-cells,'  which  are  added  in  brackets, 
indicate  a  columnar  connexion  of  the  sclerenchyma  of  two  opposite  trichomes,  a  root-like  branching 
of  the  sclerenchyma  in  the  mesophyll,  or  a  palisade-like  difierentiation  of  the  sclerenchyma  as  the 
case  may  be.  It  may  be  addend  that  various  modes  of  differentiation  of  the  sderrachyma  often 
occur  side  by  side  in  the  same  spedes.  The  species  having  sclerench^a  connected  with  tfadr 
trichomes  are  as  follows :  Croton  agoatsis,  Baill.  (root-like^  C  antistphyliHcus,  Miill.  Arg.,  X7. 
argyranthemus,  Michx.,  C.  asperrimus,  Benth.  (palisade-cells;,  C  astroites,  MiilL  Arg.  (columns). 
C.  Benthamianus,  MiilL  Arg.,  C,  betulintis,  Vahl  (root-like),  C  BillUrgiiums,  MiilL  Arg.,  C,  cofi- 
talus,  MiilL  Are.  (colunms),  C,  caryophylluSy  Benth.,  C  Catinganus,  MiilL  Arg.,  C  cau£uus,  Miill. 
Aig.,  C,  ceanwiifoUus,  BailL,  C  chaetocalyx,  Miill.  Arg.,  C  cmorifolius,  Miill.  A^.,  C.  compressus. 
Lam.  (colunms),  C.  Corchoropsis,  BailL  (root-like),  C,  cumatus,  Klotzsch,  Cfioribundus,  Spreng. 
(columns),  C  glandulosus,  MiilL  Arg.  (palisade-ctlls),  C.  graiissimus,  Burch.  (palisade-eellB),  C. 
langinervius,  Miill.  Arg.  (root-like),  C.  maritimus^  Walt.,  C  micans,  MiilL  Arg.,  C,  migrans, 
Casar.,  C.  monanihogynus,  Michx.  (columns),  C.  Afudan§o,  Miill.  Arg.  (palisade-ceUs),  C.  Palauo- 
sHgma,  Klotzsch,  C.  pediallaius,  H.  B.  K.,  C  tenelms,  MiilL  Arg. ;  Julocroton  argtnteus.  Ft. 
TA^Tif^,  J.fusctscms,  BailL,/.  siipularis,  MiilL  Arg.,y.  triqueter.  Mull.  Arg.  (columns  in  all  four 
species). 
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length.  In  some  species  of  Alchornea  the  tufted  hairs  graduate  into  stellate  hairs 
by  the  spreading  out  of  the  ray-cells  in  a  plane  parallel  to  the  epidermis.  In  the 
stellate  hairs  of  Aleurites  the  ray-cells  have  thin  walls  and  wide  lumina,  and  are 
concrescent  for  half  their  length.  Peltate  hairs  are  described  by  Baillon  as  occurring 
in  Croxophora  (on  the  ovary  only)^  and  by  O.  Bachmann  in  species  of  Homonoya 
and  Pera,  The  peltate  hairs  of  Homonoya  have  a  four-cellai  basal  plate,  and 
a  shield  of  narrow  thin-walled  ray-cells,  which  are  united  so  as  to  form  a  cup ;  the 
peltate  hairs  of  Pera  are  characterized  by  the  presence  of  a  small  lower  scale. 
Shaggy  hairs  graduating  into  spines  have  been  met  with  in  Caperonia,  The  follow- 
ing types  of  hairs  require  further  investigation :  the  stellate  hairy  covering  found 
in  the  genera  Adriana^  Epiprinus^  Manniophyton^  Neoboutonia^  SymphyUia  and 
Sunibavta,  and  the  scales  of  Crotono^ne,  Leucocroton  and  Pseudocroton  (see  MuUer 
Arg.  in  DC.  Prodr.,  and  Bentham  and  Hooker,  Gen.  plant.). 

In  the  Hippomaneae,  as  in  the  PhyllantJieae,  the  trichomes  of  the  tjrpe  with 
which  we  are  dealing  are  not  common.  Herbert  records  stellate  hairs  with  a  multi- 
seriate  stalk  and  many  rajrs  in  only  one  species  each  of  GivoHa  and  Trigonostemon^ 
whilst  a  stellate  hairy  covering  is  mentioned  by  systematists  as  occurring  in  the 
genera  Endospermum,  Paracroton  and  Ricinodendron  as  welL  O.  Bachmann's 
statement  that  peltate  hairs  occur  in  Pausandra  is  incorrect.  The  trichomes 
which  Herbert  met  with  in  Jatropha  urens,  L.,  must  be  clawed  as  shaggy  hairs. 
They  consist  of  (a)  a  multiseriate,  colunmar  pedestal,  which  becomes  shghtly  nar- 
rower upwards,  and  apparently  encloses  an  intercellular  canal,  and  (6)  a  rod-shaped 
terminal  cell  with  thin  walls. — In  connexion  with  the  Phvlkmtheae  it  may  be  men- 
tioned that  the  peltate  hairs  of  the  anomalous  genus  Aextoxicum  possess  a  small 
lower  scale. 

II.  Ordinary  glandular  hairs  are  not  very  common  amongst  the  Euphor- 
biaceae.  In  the  Ricinocarpeae  small  glandular  hairs  are  found  in  nertya 
gummifera^  Miill.  Arg.  and  Beyeria  viscosa^  MiiU.  Arg. ;  they  are  composed 
of  a  short,  unicellular  stalk  and  a  spherical  imicellular  head,  and  in  both  cases 
give  rise  to  a  considerable  deposit  of  secretion  on  the  surface  of  the  leaf ;  besides 
these,  club-shaped  glands,  consisting  of  a  row  of  cells,  also  occur  in  the  furrows  on 
the  leaves  of  Bertya  gummifera.  Amongst  the  Phyllantheae,  only  glandular, 
vesicular  scales,  simk  in  sniall  pits  in  the  epidermis,  have  been  recorded  (in 
Hymenocardia).  The  shield  is  composed  of  radially  arranged  cdls,  and  the 
secretion  collects  beneath  the  cuticle.  In  the  Crotoneae  glandular  hairs  may  be 
said  to  be  present  only  in  so  far  as  one  may  thus  describe  the  epidermal  secretory 
cells  projecting  like  papillae  and  mentioned  above.  Amongst  the  Acalypheae 
glandular  hairs  are  represented  in  somewhat  greater  abundance.  External 
glands  of  varying  size,  and  having  a  uni-  or  biseriate  stalk  of  varied  length, 
and  a  spherical  or  oval  head  of  few  or  many  cells,  have  been  shown  to  occur 
in  speaes  of  Acalypha^  Cephalocroton,  Cnesmone,  RicineUa  and  Tragia.  In 
Caperonia  there  are  long-stalked  glandular  shaggy  hairs,  which  are  visible 
to  the  naked  eye ;  the  ellipsoidal  head  encloses  clustered  crystals,  and  is 
sheathed  by  a  secretory  epidermis  composed  of  a  few  elongated  prismatic 
cells.  The  genera  Coccoceras^  Cododiscus^  Macaranga  and  MaUotus  have  large 
spherical  external  glands,  wluch'  are  simk  in  the  sirrface  of  the  leaf,  and  have 
the  structinre  of  the  well-known  Kamala,  derived  from  MaUotus  phUippinensis^ 
i.e.  they  exhibit  abimdant  formation  of  secretion  beneath  the  cuticle.  Amongst 
the  Hippomaneae,  ^andular  hairs  have  only  been  observed  in  Addocroton 
addioiaes^  Griseb.  They  are  small  structures  sunk  in  the  smrface  of  the  leaf, 
and  consist  of  a  stalk-cdl  and  a  head,  the  latter  being  divided  by  vertical  walls 
arranged  crosswise ;  the  four  cells  of  the  head  project  slightly  as  papillae. 

Glandular  organs  of  a  different  type  are  much  conunoner  among  the 
Euphorbiaceae  than  the  glandular  hairs  described  above,  namely  rather  large 
external  glands  (nectaries),  which  are  visible  to  the  naked  eye,  and  have  dreaay 
occupied  the  attention  of  systematists  (Baillon,  Miiller  Arg.,  Bentham  and 
Hooker  *).    Firstly  they  occur  at  the  base  of  the  petiole,  where  two  or  more  of 

^  See  also  Delpino,  Mem.  Accad.  Bologna,  1888,  p.  30  et  seq. 
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them  are  situated.  Not  uncommonly,  however,  they  replace  the  stipules,  or  in 
certain  species  they  surmount  tbeni,  the  stiptdes  in  this  case  being  laciniate 
and  filamentous  (e.g.  in  CroUm  cUiato-glandulosus,  Orteg.  or  Jairopha  muUi- 
fiduj  L.).  In  other  cases  thev  are  found  at  the  base  of  the  lamina,  sometimes 
occurring  on  a  special  lobe  of  the  latter.  Occasionally  they  are  shifted  higher 
up  on  the  lamina,  two  or  more  of  them  being  present  on  the  lower  side  of  the 
leaf ;  they  are  rarely  met  with  on  the  upper  side,  but  frequently  occur  on 
the  leaf-teeth.  For  details  of  their  distribution  reference  must  be  made  to 
the  monograph  of  Miiller  Arg. 

The  anatomical  structure  of  these  large  glands  has  hitherto  been  Httle  investi- 
gated ;  the  chief  work  is  that  of  Frdmbling  on  the  Crotoneae.  This  author  classifies 
the  glands  as  patelliform  and  moruloee.  The  shape  of  the  patelliform  glands 
{Cfoton,  Fig.  1 80,  M)  recalls  that  of  the  perithedum  of  the  Discomycetes ;  the 
glands  may  be  either  stalked  or  sessile.  The  epidermis  of  the  lower  arched  portion 
has  sclerenchymatous  walls,  and  the  superficial  cells  of  the  somewhat  raised  margin 
of  the  upper  disc-shaped  portion  have  a  similar  structure.  The  discoid,  depressed 
surface  of  the  gland  is  formed  by  an  epidermis,  differentiated  Uke  a  palisade,  and 
having  a  subcuticular  deposit  of  secretion  ;  beneath  this  is  a  second  layer  of  palisade- 
cells  with  thicker  walls,  followed  b^  spongy  tissue  with  cells  containing  clustered 
cr3rstals,  and  surrounding  the  termination  of  a  vein.  The  pateUiform  glands  on 
the  upper  side  of  the  leaf  of  Micrandra  bracteosa,  Benth.  have  an  analogous  structure, 
but  do  not  project  as  hairs.  The  glandular  margin  of  the  leaf  in  Croton  refractus, 
MuU.  Arg.  (Fig.  180,  N)  may  be  regarded  as  a  transition  to  the  morulose  glands ; 
in  C.  fefr<utus  the  margin  of  the  leaf  is  composed  solely  of  a  prominent  arched  group 
of  emdermal  ceUs,  elongated  like  a  paUsade.  In  other  cases,  where  the  curvature 
of  the  surface  of  the  ^and  is  greater*  spongy  tissue,  or  even  the  termination  of 
a  vascular  bundle,  enters  into  the  composition  of  the  glandular  body,  which  thus 
becomes  club-shaped  ;  in  this  way  we  obtain  morulose  glands  (Fig.  180,  0),  which 
are  either  s^nle  or  possess  a  multiseriate  stalk  traversed  by  a  vascular  bundle. 
The  secretion  of  these  glands  is  often  considerable  and  lasting ;  in  some  cases 
however  the  glands  are  only  functional  during  the  early  stages  of  the  organs  on 
which  they  occur. 

Morini  examined  the  nectaries  of  Ricinus  communis,  L.,  Crozophora  Hnctoria,  I^ 
and  HomcUanthi4s  populifolia,  Reinw. ;  a  secretory  pahsade-Uke  epidermis  is  found 
in  these  species  also. 

III.  Stinging  hairs  have  been  observed  in  the  genera  Cnesmone,  Lepto- 
fhachis  and  Tragia  (Acaljqjheae),  in  Dalechampia  and  in  Jatroi>ha.  According  to 
Rittershausen  the  stingir^g;  hairs  in  these  three  genera  of  tne  Acalj^heae  and  . 
in  DalechanMa  have  a  very  characteristic  type  of  structure,  first  noticed  by 
Criiger  in  Tragia,  and  subsequently  by  Kom  and  Stahl.  In  their  simplest 
form  (Fig.  180,  P)  they  consist  of  a  simple  unicellular  hair,  which  frequently 
exhibits  a  ventricose  basal  enlargement,  whilst  the  upper  pointed  portion 
contains  a  subulate  crystal  of  oxalate  of  lime  attached  to  the  wall  of  the  hair 
by  strands  of  cellulose  ;  the  upper  end  of  the.  cr3^tal  is  sharply  pointed,  and 
the  lower  end  is  somewhat  enlarged,  while  the  very  base  is  provided  with  two 
or  three  small  roimded  teeth.  These  simple  stinging  hairs  are  accompanied 
by  others  of  more  complicated  structure  (Fig.  180,  Q)  and  consisting  of  two 
parts,  viz.  (a)  a  fairly  long  pedestal,  composed  of  five  contiguous  cells,  of  which 
one  hes  in  the  middle,  and  differs  from  the  four  peripheral  cells  in  having  thin 
walls  and  possibly  containing  a  secretion ;  and  {b)  a  terminal  cell,  having  its 
basal  wall  pitted,  and  its  enture  length  occupied  by  a  cr3^tal  showing  the  same 
structure  and  the  same  mode  of  attachment  as  m  the  simple  stinging  hairs. 
The  stinging  hairs  of  Jatropha  urenSy  Miill.  Arg.,  &c.,  agree  in  structure  with 
the  well-known  hairs  in  the  nettle.  They  are  unicdlukr,  conical  trichomes, 
about  4  mm.  in  length,  and  are  surrounded  basally  by  a  multicellular  pedestal, 
the  upper  part  of  which  is  differentiated  like  a  cupule.  At  the  apex  of  the 
hair  there  is  a  head,  which  is  seated  obliquely  on  the  end  of  the  trichome ; 
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the  head  droi^  off  readily  owing  to  the  presence  of  a  thin  area  on  the  concave 
side,  and  a  thickened  area  on  the  convex  side  of  the  wall  just  below  the  head. 

As  structures  allied  to  the  stinging  hairs  we  may  now  describe  the  hairs 
containiM  clustered  crystals  (which  were  observed  by  Rittershausen  in  Pluke* 
mtia  and  Fragariopsis)  and  similar  trichomes,  which  no  doubt  constitute 
a  protection  against  herbivorous  animals.  The  hairs  containing  clustered 
cr^tals  (Fi§.  180,  R-S)  are  epidermal  cells,  which  are  differentiated  as  papillae 
or  short  hairs,  and  contain  a  clustered  crystal  of  oxalate  of  lime ;  the  latter 
fills  the  lumen  of  the  hair,  its  few  (3-6)  pointed  spines  being  all  directed  out- 
wards, and  enclosed  by  the  extremely  thin  outer  wall  in  such  a  way  that  the 
entire  structure  assumes  the  appearance  of  a  stellate  hair ;  beneath  tiie  cell 
containing  the  clustered  crystal  there  is  usually  a  narrow  cell,  which  penetrates 
to  a  considerable  depth  in  the  mesophyU ;  this  cell  possibly  contains  an 
irritant  substance.  Transitions  to  such  hairs,  containing  clustered  crystals, 
occur  in  other  Acalj^heae.  Caperonia  and  Argyrothamnta  possess  epidermal 
cells  containing  clustered  crystals,  and  having  thin  outer  wsJls,  wWch  pro- 
ject somewhat  externally ;  in  Acalypha  and  Claoxylon  epidermal  cells,  which 
project  as  hemispherical  structures,  and  are  filled  with  a  sphaerite  of  oxalate 
of  hme,  have  been  observed  in  the  leaf  and  axis. 

3.  Structure  of  the  Axis.  The  structural  features  of  the  axis  are  not 
very  imiform,  as  is  to  be  expected  in  so  large  an  Order. 

The  vascular  bimdles  generally  have  a  simple,  collateral  structure.  The 
following  genera  possess  intraxylary  phloem :  amongst  the  Eucrotoneae,  the 
genera  Croton^  Crotonopsis^  Eretnocarpus  and  Julocroton,  with  the  exception 
of  a  few  species  of  Croton^  which  belong  to  the  section  Astraea^  and  are  peculiar 
in  other  respects  also  (C.  comosus^  Miill.  Arg.,  C.  Klotxsckii^  MtiU.  Arg.,  C.  lobatusy 
Mull.  Arg.  and  C.  Patdinus^  Miill.  Arg.) ;  amongst  the  Acalypheae,  the  genera ' 
Alchornea^  Conceveiha^  Peru  and  MaUotus  integrifolius^  Miill.  Arg.  (but  not 
other  species  of  MaUotus) ;  and  amongst  the  Hippomaneae,  the  genera  DadyUh 
sUmon^  Mabea^  Senefdderay  as  well  as  some  of  the  species  of  Sebastiania '. 

Some  of  the  Euphorbiaceous  lianes  exhibit  normal  structure  even  in  thick 
stems  (species  of  Briddia^  Croton^  Dalechampia,  Omphalea^  Pkyllanihus  and 
TragiUy  according  to  Criiger  and  H.  Schenck).  Anomalous  structure  is  only 
known  in  Dalechampia  and  FragariopsiSy  where  it  was  discovered  by  H.  Schenck. 
In  both  genera  {Dalechampia  ficifolia.  Lam.  in  branches  1-5  cm.  thick,  Fragari- 
opsis  mofUana,  Taub.  and  F.  scandens^  St.  Hil.)  the  anomaly  consists  in  the 
appearance  of  secondary  strands  of  wood  and  bast  in  the  pericycle,  whilst  in 
Dalechampia  there  is  the  additional  anomaly  of  the  development  of  interxylary 
phloem.  The  latter  has  been  demonstrated  not  only  in  D.  fidfolia^  but  also 
in  D,  Leandrij  Baill.,  D.  pentaphylla.  Lam.  and  D.  triphyUa^  Lam.  It  is  enclosed 
in  bands  of  thin-walled  parenchyma,  which  are  concentrically  arranged,  and 
is  given  off  by  the  cambium  internally.  It  may  be  added  that  medullary 
vascular  bundles  have  been  met  with  in  Ricinus  (Sachs,  Dutailly). 

The  following  points  may  be  mentioned  regarding  the  structure  of  the 
\70od.  The  medullary  rays  are  in  most  cases  narrow ;  broader  rays  are  found 
in  species  of  Aporosa,  Dalechampia  and  Phyllanthus,  The  mode  of  arrange- 
ment of  the  vessels  and  the  size  of  their  lumina  vary  (maximum  diameter  in 
Phyllanihus  reliculaius^  Miill.  Ar^.  =  *2  nmi.,  in  Hemtcyclia  sepiaria^  Wight  et 
Am.  *  •014  mm.).  The  perforations  of  the  vessels  may  be  either  exclusively 
simple,  or  both  simple  and  scalariform,  or  scalariform  only,  in  one  and  the 
same  species.    The  bordered  pits  on  the  walls  of  the  vessels  are  sometimes 


^  Pax's  statement  regarding  the  occurrence  of  internal  soft  bast  in  all  the  species  of  Mm/Uius  and 
in  Aleuriies  is  incorrect. 

*  See  Herbert,  loc.  cit.  p.  49. 
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of  considerable  size  (diameter  of  border  => -004  mm.  in  Croton  pedicellaius, 
H.  B.  K.>  and  '007  nmi.  in  JcUropha  divaricaia,  Sw.).  Scalariform  bordered 
pits  are  occasionally  (Phyllanthus)  present  on  the  common  wall  of  two  con- 
tiguous vessels.  In  contact  with  parenchyma  of  the  medullary  raj^  the  walls  of 
the  vessels  either  bear  bordered  pits  only,  or  bordered  accompanied  by  simple 
pits,  the  latter  being  sometimes  of  large  size.  The  foUowing  paragraphs  give 
a  synopsis  of  the  d^tribution  of  the  perforations,  and  of  the  structure  of  the 
ve^el-wall  in  contact  with  parenchyma  in  the  individual  genera. 

Perforations :  I.  Simple  perforations  only  are  present  in  :  Caletieae  :  Caletia, — 
Ridnocarpeae :  Beyeria^  Ricinocarpus, — Ampereae :  Amperea, — Phyllantheae  : 
Actephila  pro  parte,  Amanoap  Andrachne,  Antidesma  pro  parte,  Breyniat  Disco* 
carpus,  Hymenocardia  pro  parte,  Lachnostylis,  Melanthesapsis^  PekUosHgma,  Phyl* 
lanihus,  Sauropus  pro  parte,  Savia,  Securinega  pro  parte. — Crotoneae. — ^Acalypheae  : 
Acalypha,  Adriana^  Ateurites,  Argyrothamnia,  Bemardia,  Caperonia^  Cephalocroton^ 
Claoxylon,  Cleidion,  Coccocsras,  Coelodiscus,  Conceveiba,  Crozophora,  Hatmmaya, 
Johannesia,  Macaranga^  Pera,  Pluhenetia,  Ricinella,  Ricinus,  Symphyllia,  Tragia^ 
Trewia, — Hippomaneae :  almost  all  genera,  except  those  given  in  II  and  III. — 
Dalechampieae :  Dalechampia. — Euphorbieae  :  Euphorbia,  Pedilanthus. — Gen. 
anomaL  :  Lophopyxis. — II.  Scalariiorm  perforations  only  in :  Phyllantheae : 
Actephila  pro  parte,  Aporosa  pro  parte,  Baccaurea,  Cyclosiemon  pro  parte,  Hemi" 
cyclta,  Putranftva, — Hippomaneae :  Microdesmis  ;  Aextoxicum. — III.  Both  scalari- 
form and  simple  perforations  have  been  observed  in :  Phyllantheae  :  Actephila  pro 
parte,  Antidesma  pro  parte,  Aporosa  pro  parte,  Bischofjia,  Cyclostemon  pro  parte, 
Drypetes,  Hieranyma,  Hytnenocardia  pro  parte,  Richeria,  Sauropus  propaLrte,  Savia 
pro  parte. — Acalypheae:  AgrosHstachys,  Alchomea,  Cnesmone,  Hevea,  Leptorhachis, 
MalJotus^  MercurtaliSp  Pachystroma,  Sarcoclinium. — Hippomaneae:  Adenocline, 
Bennetia,  Hura,  Manihot^  Ostodes^  Paradenocline,  Pausandra,  Pogonophora. 

Pitting  of  the  vessel-wall  in  contact  with  parenchyma:  I.  Bordered  pits 
only :  Caletieae  i  Caletia, — Ampereae :  Amperea. — Phyllantheae  :  in  most  cases, 
excepting  those  genera  quoted  under  II. — Crotoneae  (see  II). — Acalypheae :  Agro- 
stistachys,  Argyrothamnia,  Caperonia,  Crozophora,  Mercurialis  (according  to  Ritters- 
hausen,  p.  102),  Sarcoclinium, — Hippomaneae :  Acidocroton,  Actinostemon,  Adeno- 
peltis,  Bennetia,  CoUiguaya,  Excoecarioy  Gelonium,  Givotia,  Hippomane,  Mabea  pro 

f>arte,  Microdesmis,  Pausandra,  Sebastiania,  Senefeldera,  StUlinna,  Trigonostemon. — 
I.  Simple  pits  often  of  large  size,  sometimes  accompanied  t^y  lx>rder<Mi  pits  and  by 
transitional  forms  between  both  kinds  of  pits:  Kidnocarpeae :  Ridnocarpus. — 
Phyllantheae :  Antidesma,  Aporosa,  Baccaurea,  Bischoffia,  Hieronyma,  Hymeno- 
cardia, Richeria,  Securinega, — jBridelieae  :  Brideiia, — Crotoneae :  sometimes  small 
(never  large)  simple  pits. — Acalypheae :  Acalypha,  Adriana,  Alchomea,  Aleurites 
(according  to  Rittershausen,  p.  46),  Bemardia,  Ceihalocroton,  Claoxylon,  Cleidion, 
Cnesmone,  Coccoceras,  Coelodiscus,  Conceveiba,  Hevea,  Homonoya,  Johannesia^ 
Leptorhachis,  Macaranga,  MaUotus,  Pachystroma,  Pera,  Plukenetia,  Ricinella^ 
Ricinus,  Symphyllia,  Tragia,  Trewia, — Hippomaneae :  Carumbium,  Chaetocarpus, 
Cluytia,  Codiaeum,  Dactylostemon,  Erismantnus,  Hura,  Jatropha,  Mabea  pro  psirte, 
Manihot,  Maprounea,  Ostodes^  Pogonophora, — Dalechampieae :    Dalechampia. 

The  wood-parenchyma  is  generally  scantily  developed.    It  is  found  in 

S -eater  quantity  amongst  the  Phyllantheae  in  species  of  Amanoa,  Aporosa, 
accaurea,  Cyclostemon^  Drypetes,  Hemicycliuy  Lacnnostylis,  Richeria,  Sauropus 
and  Savia ;  also  in  Ricinus  (Acalypheae) ;  and  in  Adenocline,  Givotia^  Hip- 
pomane^Paradenodine  and  Pogonophora  (Hippomaneae).  The  wood-prosenchyma 
may  have  either  thick  or  thin  walk ;  in  the  former  case  it  is  sometimes  provided 
with  a  gelatinous  layer,  while  in  the  latter  case  it  is  occasionally  septate.  The 
pits  of  the  prosenchyma  are  generally  simple.  Wood-prosenchyma  with 
bordered  pits  has  only  been  demonstrated  in  certain  genera  of  the  Tribes 
Caletieae,  Phyllantheae  and  Hippomaneae. 

Septation  of  the  wood-prosenchyma  has  been  observed  in:  Phyllantheae: 
Actephila,  Andrachne^  Antidesma,  Bischoffia,  Discocarpus,  Hieronyma^  Hymeno- 
cardia, Sauropus. — BrideUeae  :   Brideiia, — Acalypheae  :   Acalypha, 
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*  The  following  genera  have  wood-piosench3ana  with  simple  pits :  Ridnocarpeae ; 
Beyeriay  Ricinocarfius  (very  small  bordered  pits  as  well). — Phyllantheae :  AcUphila^ 
Atnanoa,  Andracine  pro  parte,  AnHdesmat  Baccaurea,  Bischoffia^  Breynia,  Disco* 
carpus^  DrypeUs^  Henncyclia^  Hymenocardia,  Lachnostylis^  Melanthesopsis^  Petalo* 
stigma,  Phyuanthus,  Richeria^  Sauropus,  Savia,  Securinega. — Bridelieae  :  Bridelia, — 
Crotoneae. — Acalypheae  :  Acalypha^  Adriana^  AgrosHsiachys^  Alchomea,  AleuriteSf 
Argyroihamnia,  B$mafdia,  Caperonia,  Cephalocroton,  Claoxylon,  Coccoceras,  Coelodis- 
cus,  Cfozophora^  Hevea^  Hamonoya^  Johannesia,  Leptorhachis^  Macaranga^  McUlotus^ 
Packysiroma^  Ptra,  Plukenetia,  Ricinella,  Ricinus^  Sarcoclinium^  Symphyllia,  Tragia. 
— ^Hippomaneae :  Acidocrotonr  AcHnostemonr  Carumbium,  Chaetocarpus  pro  parte, 
Erismanthus,  Excoecaria,  GivoHa^  Hippomane^  Hura,  Mabea,  Paradenodine^  Pogono^ 
phora^  Sebastiania,  Senefeldera^  Triganostemon. — Dalechampieae :  Dalechampta, — 
Euphorbieae :  Euphorbia,  Pedtlanthus. — Gen.  anomaL  :  Lophopyxis. 

Wood-prosenchyma  with  bordered  pits  is  present  in  the  following  genera : 
Caletieae:  Caletia. — Phyllantheae:  Ifieronyma,  most  species  of  Andrachne, 
Aporosa  sphaerocarpa^  MvlL  Aig. — Hippomaneae:  Adenodine,  Adenopdtis,  Ben- 
netia,  Chaetocarpus  pro  parte,  Codiaeumf  CoUigtuiya,  Cluytia  (indistinct),  Dactylo- 
siemon^  Gdonium,  fatrophap  Manihot  (narrow  borders),  Kfaprounea,  Microdesmis,. 
Ostodesp  Pausandra,  SttUingia, — Acalypheae:  Conceveiba  (according  to  Ritters* 
hansen,  p.  6y), 

The  following  genera  have  wood-prosenchyma  with  both  simple  and  bordered 
pits:  Ampereae  :  Amperea, — Phyllantheae:  Cydostemon, — Acalypheae:  CMdionp 
Cmsmoney  Mercurialise  Trewia. 

Those  structural  features  in  the  cortex  which  are  common  to  the  Order 
were  mentioned  in  the  general  diagnosis.  The  development  of  cork  takes  place 
in  the  outermost  cell-layer  of  the  primary  cortex  in  a  large  nimiber  of  genera 
belonging  to  the  Tribes  Ricinocarpeae,  PhyUantheae,  Bridelieae,  Crotoneae, 
Acalypheae,  Hippomaneae  and  Djdechampjieae  (see  the  special  papers).  In 
ActephUa  the  corlc  develops  in  the  epidermis ;  while  in  BaccaureUf,  Andrachne 
Rocmerianay  Miill.  Arg.  (but  not  the  other  species  of  Andrachne)  and  Amperea 
spartiaideSp  Bron^.  the  cork  is  produced  at  a  considerable  depth  in  the  primary 
cortex.  The  varied  structure  of  the  cork-cells  can  only  be  referred  to ;  the 
cells  may  be  flat  or  provided  with  wide  lumina,  they  may  have  thick  or  thin 
walls,  and  may  be  sderosed  on  one  side  or  on  all  sides.  The  outer  portion  of 
the  primary  cortex  is  frequently  coUenchymatous,  and  often  contams  stone- 
cells  (e.g.  in  special  abundajice  in  Aporosa  and  Hemicydia) ;  according  to  Pax 
the  stone-cells  in  Hyaenanche  and  Richeria  are  distinguished  by  bemg  strongly 
elongated  in  the  vertical  direction.  Other  points  requiring  special  mention 
are :  (a)  the  occurrence  of  an  apparently  phellodermal  rin^  of  stone-cells  in 
Johannesia ;  (b)  the  presence  of  a  ring  of  stone-cells  in  the  mnermost  part  of 
the  primary  cortex  and  in  contact  with  the  primary  hard  bast  in  Pogonophora ; 
and  (c)  the  pecuUar  cortical  collenchyma  found  in  species  of  Pera  having 
its  sniall  intercellular  spaces  filled  with  a  peculiar,  doubly  refractive 
substance  (Rittershausen).  In  most  cases  the  pericycle  is  formed  by  isolated 
groups  of  bast-fibres,  which  in  yoimg  branches  frequently  unite  to  form  a  ring, 
or  by  a  continuous  and  composite  sclerenchymatous  ring.  In  Hura  there 
is  a  broad  parench}rmatous  pericycle  with  abundant  tannin,  situated  on  the 
inner  side  of  the  sclerenchyma-ring.  The  bast-fibres  of  the  pericycle  are  in 
many  cases  distinguished  oy  an  exceptionally  well-marked  stratification  of 
their  walls,  which  are  either  white  or  yellow.  In  some  cases  (in  Amperea 
spartioidesp  Brongn.  and  probably  also  in  a  nimiber  of  the  herbaceous  Euphorr 
biaceae)  the  sclerench3rmatous  pericycle  is  entirely  wanting. 

A  composite  and  completely  or  nearly  completely  continuous  ring  of  scleren- 
chyma  is  stated  to  occur  m :  Fhyllantheae :  Amanoa,  Aporosa  pro  parte,  Cydo* 
stemon,  Drypetes,  Hemicydia^  Hieronyma  pro  parte. — Acalypheae:  Alchomea  pro 
parte,  Cletaion,  Conceveiba^  Hevea,  Momonoya^  Macaranga  pro  parte,  Perap  Syrn- 
phyllia. — Hippomaneae :   Actinostemon  pro  parte,  Chaetocarpus  pro  parte,  Cluytia 
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(slightly  intemipted),  Dactylostemon,  Gelonium,  Maprounea,  Microdesmis^  Sebas- 
tiania  pro  parte  and  Senefeldera  (in  Gelonium  and  Senefeldera  the  ring  of  scleren- 
chyma  is  composed  of  stone-cells,  and  at  its  outer  mar^  the  ^ups  of  primary 
bast-fibres  are  situated). — An  interrupted  and  composite  nng  of  sclerenchyma  occurs 
in:  Phyllantheae :  Actefhila,  Aporosa  pro  parte,  Discocarpus,  Hytnenocardia, 
Hieronyma  pro  parte,  Lachnostylis. 

It  has  already  been  pointed  out  on  p.  739  that  typical  stratification  of 
the  bast  into  hard  and  soft  bast  appears  to  be  of  rare  occurrence  (Briddia 
sHfularis^  BL).  In  many  members  of  the  Order,  belonging  to  the  various 
Tribes  one  finds  small  groups  of  bast-fibres  or  isolated  bast-fibres,  the  latter 
sometimes  exhibiting  a  reticulate  arrangement  in  transverse  section.  The 
I^ust-fibres  found  in  the  secondary  bast  resemble  those  of  the  pericycle  in  fre- 
quently possessing  well-marked  stratification  of  their  walls.  Two  specially 
noteworthy  features  may  be  mentioned  :  the  bast  in  Securinega  Acidothamnus^ 
Miill.  Arg.  sho^vs  sclerosis  of  the  parenchyma  lying  between  the  groups  of 
secondary  bast-fibres,  so  that  a  composite  and  continuous  sclerenchymatous 
ring  is  formed ;  and  the  bast  in  the  species  of  Ricinella  (according  to  Radlkofer's 
verbid  statements)  is  distinguished  by  the  fact  that  the  innermost,  annular 
portion  has  a  characteristic  reddish-brown  or  brown  colour  owin^  to  the  pre- 
sence of  a  secretion.  The  crystals  found  in  the  bast  (mostly  solitary  or  clus- 
tered crystals)  are  contained  m  chambered  fibres. 

The  cells  of  the  pith  may  or  may  not  be  lignified.  Stone-cells  are  not 
unconmionly  present  in  the  pith.  In  tluytia  alaternoides^  Miill.  Arg.,  the  cells 
of  the  pith  are  specially  characterized  by  the  curious  fact  that  their  transverse 
walls  are  provided  with  large,  circular  or  elliptical  perforations  at  the  points 
of  jimction  with  the  vertical  walls. 

Regarding  the  features  presented  by  the  crystals  and  secretory  organs  in 
the  axis,  see  above,  pp.  744  and  746  et  seq. 

DAPHNIPHYLLACEAE, 

At  this  point  we  may  briefly  deal  with  the  anatomical  features  of  the  genus 
Daphniphyllum,  which  was  raised  to  the  rank  of  a  separate  Order  by  MuUer  Arg. 
on  account  of  its  small  embryo,  but  is  included  amount  the  Phyllanuieae  by  Ben- 
tham  and  Hooker.  I  have  examined  the  leai  and  axis  of  D,  laurinum,  BailL,  and 
the  leaf  of  D,  glaucescens,  BL  There  are  no  special  anatomical  characters  separating 
the  genus  Daphniphyllum  from  the  Euphorbiaceae.  The  characteristic  features 
in  the  structure  of  the  axis,  viz.  the  scalariform  perforations  of  the  vessels,  and  the 
bordered  pitting  of  the  wood-prosenchyma,  are  also  found  in  the  Euphorbiaceae ; 
the  same  applies  to  the  special  structural  features  of  the  leaf,  viz.  the  presence  of 
subsidiary  cells  placed  parallel  to  the  pore  of  the  guard-cells,  and  the  occurrence 
of  small  cells,  containing  clustered  crystals,  in  both  the  upper  and  lower  epidermis. 
Trichomes  and  secretory  elements  are  not  present.  The  septation  of  the  pith  (with- 
out sclerosis)  in  the  two  species  mentioned  above  is  specially  noteworthy. 

The  following  statements  may  be  added  regarding  the  structure  of  the  axis 
and  leaf.  The  wood  possesses  narrow,  uni-  to  triseriate  medullary  rays,  the  cells  of 
which  are  somewhat  elongated  in  the  vertical  direction.  The  vessels  of  the  wood 
have  small  lumina  (diameter  reaching  036  mm.),  perforations  with  very  numer- 
ous bars,  and  bordered  pitting  (especially  scalariform  bordered  pits)  in  contact  with 
parenchyma  of  the  medullary  rays.  The  wood-parenchyma  is  only  scantily  de- 
veloped. Isolated  groups  of  sclerenchymatous  fibres  are  present  at  fiie  outer  limit 
of  the  bast.  Clustered  crystals  occur  in  the  bast  and  in  uie  primary  cortex.  The 
leaves  of  the  two  species  mentioned  above  have  bifacial  structure.  The  stomata 
are  found  only  on  the  lower  side  of  the  leaf.  The  vascular  bundles  of  the  veins  are 
accompanied  by  sclerenchyma.  In  D.  glaucescens'^Aie  epidermis  on  the  lower  side 
of  the  leaf  shows  papillose  differentiation. 
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.  The  folloiving  statements  are  based  on  my  own  examination  of  the  axis  and 
leaf  in  Simmondsia  califomica^  Nutt.  (described  as  Brocchia  glauca  in  my  '  Holz- 
struktur  '),  Sarcococca  pruniformis^  lindL,  Buxtis  sempewirens^  L.  and  Pachysandra 
procumbens,  Michx. 

As  characters  common  to  the  whole  group,  we  may  point  out  that  the  wood- 
prosenchyma  invariably  bears  bordered  pits,  tne  vessels  always  have  bordered  pits 
on  the  walls  in  contact  with  parenchyma,  the  stomata  are  never  provided  with 
parallel  subsidiary  cdls,  and  external  glands  are  absent.  The  perforations  of  the 
vessels  are  usually  scalariform  only,  but  are  simple  in  Simmonasia.  The  place  of 
origin  of  the  cork  varies ;  in  Buxus  it  is  subepidermal,  whilst  in  Simmonasia  the 
cork  arises  in  the  parench3rmatous  pericycle,  immediately  internal  to  the  pericydic 
groups  of  sclerenchymatous  fibres.  Oxalate  of  lime  is  excreted  in  the  form  of 
clustered  crystals,  ordinary  or  styloid-like  solitary  cr3rstals,  or  as  crystal-sand. 
Internal  secretory  organs  are  only  present  in  the  form  of  secretory  cells  (Pachy- 
sandra^ Simmondsia)^  and  never  show  typical  differentiation.  The  following  features 
require  special  mention :  the  anomalous  structure  of  the  axis  in  the  monot3rpic  genus 
Simtnanasia  (appearance  of  successive  rings  of  growth),  and  the  cortical  vascular 
bundles  in  Buxus  sempervirens* 

Regarding  the  structure  of  the  leaf  in  the  species  mentioned  above,  the  following 
facts  may  be  added.  The  leaf  is  bifacial  in  Buxus^  Pachysandra  and  Sarcococca^ 
whilst  in  Simmondsia  the  entire  mesophyll  consists  of  palisade-tissue.  The  species 
exhibiting  bifacial  structure  have  stomata  only  on  the  lower  side  of  the  lead ;  in 
Simmondsia,  on  the  other  hand,  they  are  equally  distributed  on  both  surfaces.  The 
stomata  of  Simmondsia  are  somewhat  depressed,  and  have  no  subsidiary  cells. 
In  the  remaining  genera  the  guard-cells  are  surrounded  by  a  rosette  of  more  or  less 
distinct  subsidiary  cells.  Buxus  sempervirens  is  distinguished  by  the  speciaUy 
strong  development  of  crests  on  the  guard-cells.  The  emdermis  in  the  leaf  of 
Simmondsia  shows  some  noteworthy  c^u^u^ters :  its  cells  nave  a  small  polygonal 
outline  in  surface-view,  whilst  in  a  transverse  section  of  the  leaf  they  have  the 
shape  of  palisade-cells,  but  with  a  conical  tapering  of  the  cell-lumen  towards  the 
upper  side,  and  a  thick  outer  walL  Sclerenchyma  may  (Buxus,  Simmondsia)  or  may 
not  (Pachysandra)  accompany  the  vascular  bijndles  of  the  veins.  In  the  leaves  of 
Buxus,  Pachysandra  and  Sarcococca  I  found  no  oxalate  of  Ume,  while  in  Simmondsia 
I  observed  tnat  it  occurred  abundantly  in  the  peripheral  portions  of  the  leaf  in  the 
form  of  clustered  crystals,  and  in  the  middle  region  in  the  form  of  solitary  crystals, 
some  of  which  were  differentiated  like  styloids.  In  the  dried  leaf  of  Simmondsia  the 
palisade-parenchyma  contains  relatively  large  cells,  filled  with  a  yellowish  secretion, 
which  at  once  acquires  a  brown  colour  with  £au  de  Javelle,  owing  to  the  presence 
of  tannin.  Trichomes  have  been  observed  on  the  leaves  of  Pachysandra  and  Sim- 
mondsia* The  hairs  of  Pachysandra  are  simple,  have  pointed  ends,  and  consist 
of  from  two  to  three  cells ;  those  of  Simmondsia  are  likewise  uniseriate,  but  are 
composed  of  a  larger  number  of  cells,  which  have  thick  walls,  and  mostly  exhibit 
a  certain  amount  of  articulation,  whilst  the  last  one  or  two  cells  are  relatively  short 
and  have  thin  walls  (glandular  ?). 

In  the  structure  of  the  axis  the  anomaly  presented  by  Simmondsia  calif  ornica 
first  requires  a  somewhat  detailed  description.  Even  branches  from  herbarium 
material  show  successive  rings  of  growth ;  these  are  arranged  concentricaUy,  and 
are  separated  from  one  another  by  narrow  rings  of  Ugnified  parenchyma  (con- 
junctive tissue).  The  soft  bast  in  the  individual  vascular  rings  does  not  form  a 
continuous  annular  zone,  but  consists  of  isolated  groups  arranged  in  concentric 
series,  with  parenchymatous  conjunctive  tissue  penetrating  between  the  groups. 
The  secondary  rinses  of  bundles  arise  in  the  parench3rmatous  portion  of  the  peri- 
cycle, internal  to  the  pericydic  groups  of  sclerenchymatous  fibres. 

A  transverse  section  of  the  wood  in  the  Buxaceae  shows  narrow  medullary 
rays,  one  or  two,  rarely  three  cells  in  breadth.  The  vessels  are  generally  isolated, 
and  their  diameter  is  not  great  (015-03  mm.).  The  bordered  pits  on  the  vessels 
are  small  in  Buxus  and  Simmondsia,  but  relatively  larse  in  Pachysandra  and 
Sarcococca,  Bordered  pits  are  also  found  on  those  walls  of  the  vessels  which 
are  in  contact  with  tissue  of  the  meduUary  rays.  The  scalariform  perforations 
have  rather  numerous  bars  (30  or  more)  in  Pachysandra,  Sarcococca,  and  in  Buxus 
subcolumnaris.  Mull.  Arg.,  which  belongs  to  the  section  Tricera ;    the  bars  are 
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less  numerous  (not  exceeding  15)  in  the  investigated  species  of  Buxus  belonging 
to  the  section  Eubuxtis  {B.  balearica^  WHld.^  B.  japomca^  MuU.  Arg.,  B,  semper- 
virensy  L.  and  B.  Wallichiana^  BailL) ;  Simmandsia  has  simple  perforations  only. 
The  size  of  the  bordered  pits  on  the  wood-prosenchyma  agrees  with  that  of  the  pits 
on  the  ve^els.  Spiral  thickening  is  found  on  the  walls  of  the  vessels  in  Simmonasia 
and  on  the  walls  of  the  wood-prosenchyma  in  Pachysandra.  The  wood-paren- 
chyma is  in  most  cases  scantily  developed,  oeing  somewhat  more  abundant  in  Buxus 
only.— Turning  now  to  the  structure  of  the  cortex^  we  must  first  refer  to  the  cor- 
tical vascular  bundles  of  Buxus  sempervirens,  which  were  mentioned  above.  Whether 
they  are  present  in  other  species  of  this  genus  remains  to  be  determined.  They  are 
found  singly  in  the  four  comers  of  the  branches,  and  according  to  J.  £.  Weiss  each 
bundle  is  a  leaf-trace,  which  ends  blindly  in  the  primary  cortex.  In  Pachysandwa 
procumbens  the  primary  cortex  includes  groups  of  sderenchymatous  cells,  which 
are  either  sclerosed  on  all  sides  or  on  one  side  only  ;  the  sclerenchyma-cells  of  the 
latter  type  enclose  soUtary  crystals  of  oxalate  of  lune.  In  Simmondsia,  Sarcococca 
and  Pachysandra  the  bast  is  Umited  towards  the  primary  cortex  by  groups  of 
sclerenchymatous  fibres,  but  these  are  not  present  in  Buxus  sempervirens,  I  have 
also  observed  isolated  sclerenchymatous  fibres  in  the  secondary  bast  in  Sarcococca. 
The  mode  of  development  of  the  cork  has  already  been  mentioned  above.  Secretory 
elements  have  been  met  with  in  the  primary  cortex  of  Pachysandra  procumbens 
(herbarium-material),  where  they  occur  in  the  form  of  secretory  cells  arranged  in 
longitudinal  rows.  Oxalate  of  lime  is  found  in  the  axis  of  Simmondsia  in  the  form  of 
clustered  crystals;  in  Pachysandra  the  pith  and  primary  cortex  contain  crystal-sand, 
and  the  primary  cortex  has  soUtary  crystals  as  well ;  m  Buxus  sempervirens  soUtary 
crystals  and  small  crystalline  granules  are  found  in  the  bast,  occurring  side  by  side 
in  the  same  ceUs  ;  in  Sarcococca  pruniformis  oxalate  of  Hme  is  not  present. 

Literal  are  :  Criiger,  in  Bot  Zeit.  1855,  p.  618  et  seq.  and  Tab.  viii. — Baillon,  £t  g^o.  du  groope 
des  Euph.,  Paris,  1858,  pp.  330-40.— Hanstein,  Milchsaftgef.  etc,  Berlin,  1864,  pp.  ai,  76  elcand 
Tab.  x.^Dippel,  MilcbiaftgeC,  RoUerdam,  1865.— Trtol,  Lacticiieres  etc.  dans  les  Euph.  etc., 
Compt.  rend.,  t.  Ix,  1865,  p.  13^9  et  seq.,  also  Adansonia  vii,  pp.  159-64. — A.  Weiss,  Pflanzenhaare, 
1867,  p.  464.— DaWd,  Milchz.  d.  Eoph.  etc.,  fireslau,  1872,  pp.  18-38. — Vesque,  in  Ann.  sc  nat, 
s^.  6,  t.  ii,  1875,  p.  130.— J.  Moller,  Holzanat,  Denkschr.  Wicaer  Akad.  1876,  pp.  93-4  and  380. — 
Reinke,  Sekretionsorg.,  Pringsheim  Jahrb.,  Bd.  x,  1876,  pp.  164-7. — ^  ^^t  VeigL  Anat.,  1877, 
especially  p.  205  and  45a  et  seq.~*Schmalbau8en,  Milcbsaftbeh.,  M^m.  Acad.  iaip.  de  sc  de  St. 
Petcrsbourg,  s^r.  7,  t  xxiv,  n.  a,  1877,  pp.  4-17  and  Tab.  i-ii. — ^Dutailly,  Apparit.  tard.  d*^lement8 
noav.  dans  les  tiges  etc,  Jliese,  Paris,  1879,  P-  5^  ^^  ^*  ^^  pl**ii>: — Zachsrias,  in  Bot..ZeiL  1^79, 
p.  625. — [E.  Schmidt,  Et.  comp.  des  ^corces  etc.  de  qn.  Enphorbes  exot  etc,  Paris,  1880,  68  pp. 
and  6  pLj — Trenb,  in  Arch,  ntoland.,  t.  xv,  1880. — Schaarschmidti  Spharokr.  der  Euph.  etc, 
Magyar  novenyt  Lapok  1881,  p.  134,  Hungarian;  abstr.  in  Bot.  Centralbf.  1882,  i,  p.  46,  and  Just 

1882,  i,  p.  412.— Dietz,  Milchsaft,  insbes.  d.  Enph.,  M.  Tad.  Akad.  £rtekez^sek  a  Term.  tad. 
kor^bol.  xii,  i88a,  k.  8  sz.,  23  pp.,  2  Tab.,  Hungarian;  abttr.  in  Bot  CentralbL  1883,  iv,  p.  132 
et  se<^. — ^Moller,  Rindenanat.,  1882,  pp.  295-303. — Petersen,  BicoU.  Gefassb.,  Engler,  Bot.  Jahrb., 
Bd.  ill,  1882,  p.  380.— SchuUerus,  Milchs.  von  Euphorbia  Lathvris,  Abh.  bot  Ver.  Prov.  Branden- 
burg, Bd.  xxvi,  1882,  p.  27.— Haberlandt,  Phys.  Anat.  d.  MUchr.,  Sitz.-Ber.  Wiener  Akad.,  Bd. 
Ixxxvii,  Abt  1, 1883,  pp.  51-69  and  2  Tab.— J.  E.  Weiss,  Markst.  Gefassbiindelsyst,  Bot.  Centralbl. 

1883,  iii,  P-4II  and  Tab.  i.— Scott,  Latidf.  tissue  of  Mamhot  GUuimni^  Laticif.  tissue  of  Htvea 
Sprucetma^  The  quarterly  Joum.  of  microsc  sc,  vol.  xxiv,  1884,  pp.  103-206.— Pax,  Anat.  d.  Euph. 
etc,  Engler,  Bot.  Jahrb.,  Bd.  v,  1884,  pp.  384-421  and  Tab.  vi-vli. — Dingier,  Flachsproste,  i. 
/V//i/r7if/kt»,Miiacfacn,  1885,  p.  29  et  seq.— Mentovich,  Mark, Klausenburg,  1885,  Hungarian;  abttr. 
in  Just  1885,  i,  p.  787.-->Scott,  Articul.  laticif.  vessels  in  Hevta^  Joum.  Linn.  Soc,  vol.  xxi,  1885,  pp. 
.S66-573.— Solcreder,  Holzstr.,  i88§,  pp.  236-41. --0.  Bachmann,  Schildh.,_Flora  1886,  sep.  co^y, 

,Brennhaan 


PP*  5-13  <^<^  Tab.  vii.— Haberlandt,  Brennhaare,  Sitz.-Ber.  Wiener  Akad.,  Bd.  xdii,  Abt  i,  188 
p.  123  et  seq.  and  Tab. — Morini,  Nett  estrannz.,  Mem.  Accad.  Bologna  1886,  pp.  343, 346  and  347, 
tav.  i-ii.— Pirotta  e  Marcatili,  Vasi  latidferi  ed  il  sist  assimil.,  Annuario  R.  1st  bot  di  Roma  1886, 
n.  2  ;  abstr.  in  Just  1886,  1,  p.  922  and  Bot.  Centralbl.  1886,  ii,  pp.  212-13. — Radlkofer,  Druchs. 
Punkte  auf  Blattem,  Sit£..Ber.  Miinch.  Akad.  1886,  pp.  330-8.— Volkens,  A^ypt-arab.  Wuste,  1887, 
p.  143. — Calvert  and  Boodle,  Laticif.  tissue  in  the  pith  of  Manikoi  etc.,  Ann.  of  bot.,  vol.  i,  1887,  pp. 
55-62  and  pi.  V. — Stahl,  PH.  a.  Schnecken,  Jena,  1880,  p.  70. — Hansen,  Sphaerokr.,  Arb.  WUrzburger 
Inst.,  Bd.  iii,  1888,  p.  93  et  seq.— Groom,  Laticif.  tubes,  Ann.  of  bot,  vol.  iii,  1889,  pp.  161-j  and 
pi.  xi.— Kohl,  Kalks.  u.  Kiesels.,  1889,  p.  164 ;  here  dted  Johow,  in  Sitz.-Ber.  neiderrhem.  Geselladi. 
f.  Natur.  u.  Hdlkunde,  4.  Juni  1888.— Ldtgeb,  Spharite,  Mitt,  bot  Inst.  Graz,  Heft  a,  1888.— Rots, 
Test.  asf.  e  periderma,  Nuov.  Gion.  bot.,  voL  xxi,  i8i^,  pp.  236-7.— Scott,  Latidf.  tibsue  in  the 
leaf,  Ann.  of  bot,  vol.  iii,  1880,  pp.  445-6. — Lalanne,  I^uiltn  persist.  Act.  Soc  Linn.  Bordeaux, 
s^r.  5,  t  iv,  1890,  p.  57  and  pi.  iii.— Pax,  in  Natiirl.  Pflanzenfam.,  iiL  Teil,  Abt  5^  1890^  pp.  3-5 
et  seq. — Rodier,  Spherocristanx,  M^m.  Soc  sc  phys.  et  nat  de  Bordeaux  1890.— Chauveand,  App. 
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lact  des  Enph.  etc.,  Ann.  sc  nat.,  s^r.  7,  t  xiv,  1891,  p.  35  and  ia8  et  seq.  and  pi.  1-6. — Fry, 
Aggreg.  of  proteid  in  the  cells  oi  Euphorbia  spUwkns,  Ann.  of  bot,  vol.  v,  i8<>iy  pp.  415-18  and 
pi.  xxiv.— Benecke,  Nebenz.  d.  SpaltoRn.,  Bot.  Zeit  i8^a,  pp.  589-91  and  Tab.  viiil — Ritt^rshausen, 
Anat.-syst  Unten.  von  Bl.  n.  Axe  d.  Acal3rpheen,  Diss.,  Erlangen,  189a,  133  pp.  and  i  Tab. — 
Belzimg,  Sph^rocristanx  des  Enph.  cactif.,  Jonrn.  de  bot.  t.  vii,  1893,  p.  331  and  a6f  et  secj. — 
H.  Schenck,  Anat  d.  Lianen,  1893,  pp.  143-7  and  Tab.  viiL — Engler,  Icacineae»  Sitz.-Ber.  Berliner 
Akad.  1893,  pp.  365-6  and  Tab.  (Z^^W^artj).— Herbst,  Markstr.,  Bot  CentralbL  1894,  i,  pp.  3a8-9. 
— Frombling,  Anat.-8yst.  Unters.  von  BL  u.  Axe  d.  Crotoneen  u.  Enphyllantheen,  Diss.,  Mtinchen, 

1896,  76  pp.  and  a  Tab. ;  sep.  copy  from  Bot.  Centralbl.  1896. — Kothdanscher,  Anat.-syst.  Unters. 
Ton  61.  n.  Axe  der  Phyllantheen  etc.  Diss.,  Miinchen,  1896,  89  pp. ;  sep.  copy  from  Bot.  Centralbl. 
1896.— -Wittlin,  Kalkoxalattasch.,  Bot.  Centralbl.  1896,  iii,  p.  68.— Warming,  Fenilles  de  V Euphorbia 
bmxi/olia^  Danske  Vid.  Selsk.  Oveisigt  1896;  abstr.  in  Bot  Centralbl.  1897,  U>  P-  379.— Herbert, 
Anat.  Unters.  v.  Bl.  n.  Axe  d.  Hippomaneen,  Diss.,  Miinchen,  1897, 63  pp.— Reiche,  Chilen.  Holzpfl., 
Tahrb.  t  wiss.  Bot,  Bd.  xxx,  1897,  p.  90. — Kuhia,  Phelloderm,  Bot.  Centralbl.  1897,  iii,  p.  190.^ 
Moller,  Lignum  Aloes,  Pharm.  Post  1897.— Warming,  Halofyt  Stnd.,  K.  Danske  Vid.  Selsk.  Skr. 

1897,  pp.  190,  aai  and  33a. — [Chauveand,  Caract  anat.  des  EupJiorbia  F^us  etc,  Jonrn.  de  bot. 
1897,  p.  534. — Ponlsen,  loc.  clt.] 

BALANOPSEAE. 

There  axe  scarcely  any  statements  *  in  the  literature  regarding  the  anatomy 
of  this  small  Order,  which  consists  of  the  single  genus  Balanops,  and  is  regarded 
as  a  Tribe  of  the  Cupuliferae  by  Baillon.  Tne  following  remarks  are  based  on 
my  own  examination  of  fragments  of  certain  of  Balansa's  type-specimens 
kindly  sent  to  me  by  Prof.  Urban  (axis  and  leaf  of  Balanops  Batansae^  Baill. 
and  J?,  microstfchya^  BaUl.,  and  leaf  of  B,  Pancheri,  Baill.  and  B.  Vieillardi, 
Baill.).  The  following  features  are  characteristic  of  the  genus :  vessels  with 
extremely  small  lumina,  and  scalariform  perforations  having  ntmierous  bars  ; 
a  composite  and  continuous  ring  of  sclerenchyma  at  the  outer  margin  of  the 
bast ;  superficial  development  of  cork ;  excretion  of  oxalate  of  lime  in  the 
form  of  clustered  and  soUtary  crystals ;   and  the  absence  of  trichomes. 

The  smooth  leathery  leaves  have  bifacial  structure.  The  epidermis  of  the 
leaf  is  distinguished  by  having  a  considerably  thickened  outer  wall  and  by 
the  polygonal  outline  of  its  cells  in  surface-view.  In  two  of  the  investigated 
species,  viz.  B.  Balansae  and  B.  microstachya,  a  single  layer  of  hjrpoderm  is 
present  beneath  the  upper  epidermis.  The  stomata  occur  only  on  the  lower 
side  of  the  leaf ;  their  guard-ceUs  are  provided  with  stronglv  developed  cuti- 
cular  ridges,  and  are  surrounded  by  several  epidermal  cells.  The  vascular 
bundles  of  the  veins  are  embedded,  and  are  surrounded  by  a  ring  of  scleren- 
ch3ana.  Enlarged  terminal  tracheides  are  sometimes  found  at  the  ends  of 
the  vascular  bundles.  In  B.  Pancheri  and  B.  Vieillardi  clustered  crystals  are 
rather  abimdant  in  the  mesophyll. 

According  to  Petit,  the  basal  portion  of  the  petiole  mB.  Vieillardi  contains 
three  arc-shaped  vascular  bundles ;  these  become  closed  higher  up  to  form 
three  rings,  but  finally  open  out  again. 

The  wood  in  the  genus  Balanops  consists  of  :  (a)  vessels  which  have  very 
small,  roimded  lumina  (only  attaining  a  diameter  of  -021  mm.),  and  are  mostly 
isolated ;  (6)  wood-prosenchyma  with  thick  walls  and  narrow  lumina ;  and 
(c)  very  narrow  medullary  rays.  The  vessels,  as  stated  above,  have  scalariform 
perforations  with  numerous  bars  in  all  cases.  In  contact  with  parenchyma 
of  the  medullary  rays,  the  walls  of  the  vessels  bear  rounded  or  slit-shaped 
pits,  which  may  be  described  as  unbordered.  In  B,  tnicrostachya  the  wood- 
prosenchyma  1^  simple  pits,  but  in  B.  Balansae  the  pits  may  be  recognized 
as  distinctly  bordered  when  seen  in  section.  The  cells  of  the  medullary  raj^ 
are  often  considerably  elongated  in  the  vertical  direction  ;  they  are  sometimes 
low,  but  never  show  considerable  radial  elongation. 

*  Petit,  Petiole,  Actcs  Soc.  Linn,  de  Bordeaux,  t.  xliii,  1889,  p.  18  and  pi.  i. 
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Regarding  the  structure  of  the  cortex,  the  following  statements  may  be 
made.  The  cork  arises  subepidermally  (B,  microstachya)^  and  consists  of 
narrow,  tabular  cells  with  rather  thick  walls.  In  B.  microstachya  a  ring  of 
stone-cells  is  found  adjoining  the  cork-cambium ;  this  ring  is  perhaps  of  the 
nature  of  a  phelloderm.  In  B,  Balansae  nimierous  slightly  sclerosed  cells 
occur  in  the  primary  cortical  parench3rma.  The  outer  limit  of  the  bast  is 
formed  by  a  composite  and  continuous  sclerench3rmatous  ring,  which  also 
includes  crystal-cells  (with  solitary  crystals).  In  the  bast  we  occasionally  find 
sohtary  crystals,  or  structures  resembling  clustered  crystals.  True  chambered 
fibres  containing  sohtary  or  clustered  crystals  are  not  present  in  the  bast ; 
secondary  bast-fibres  are  also  absent,  at  least  in  such  material  of  the  branch 
as  has  been  investigated. 


URTICACEAE. 

The  most  satisfactory  method  of  dealing  with  the  anatomical  features  of 
this  Order  wfll  be  to  descnbe  them  under  different  groups,  viz. :  '  i.  Uhnaceae  ' 
(to  include  the  Tribes  Ulmeae  and  Celtideae) ;  '  2.  Cannabineae '  (the  Tribe 
Cannabineae) ;  '  3.  Moraceae '  (the  Tribes  Moreae,  Arctocarpeae  and  Cono- 
cephaleae) ;  and  *  4.  Urticeae '  (the  Tribe  Urticeae).  The  Tnbe  Thelj^oneae 
will  be  considered  in  an  appendix  to  these  groups,  since  it  differs  anatomically 
from  the  rest  of  the  Urticaceae  in  possessing  bundles  of  raphide^ 

At  thispoint  we  may  give  a  brief  review  of  the  most  important  anatomical 
features.  Ilie  occurrence  of  silicified  or  calcified  cell-walls,  and  of  similarly 
constituted  cystoliths  or  cystoUtb-like  structures  is  very  general.  In  some 
cases  the  cystohths  occiu*  independently  of  the  tricbomes,  this  type  being  found 
chiefly  in  epidermal  cells  (independent  cystoliths) ;  in  other  cases  they  are 
met  with  in  the  hairs  (hair-cystoliths).  Independent  cystohths  have  in  the 
first  place  been  found  in  certain  Ulmaceae  and  Moraceae,  but  attain  their 
widest  distribution  in  the  Urticeae.  A  second  anatomical  feature,  viz.  the 
occurrence  of  laticiferous  cells,  is  confined  to  Cannabis  and  representatives 
of  the  Moraceae.  The  following  important  anatomical  characters  are  common 
to  all  Urticaceae :  the  superficial  development  of  the  cork  in  most  cases ; 
the  considerable  length  of  the  bast-fibres  * ;  the  simple  perforations  of  the  vessels ; 
the  usually  simple  pits  on  the  wood-prosenchjmMi ;  the  lack  of  a  uniform  type 
of  stoma ;  the  excretion  of  oxalate  of  lime  in  the  form  of  ordinary  sohtary 
and  clustered  crystals  (except  in  Thelygonum,  see  above).  The  hairy  covering 
consists  of  simple,  mostly  unicellular  clothing  hairs,  and  glandular  hairs  of 
varied  structure.  Special  forms  of  hairs  are  :  the  bracket-hairs,  occurring  in 
some  genera ;  the  two-armed  climbing  hairs  of  Humulus  ;  the  stinging  hairs 
of  certain  Urticeae ;  and  the  pearl-glands.  In  addition  to  laticiferous  tubes 
and  external  glands,  the  secretory  system  consists  of  resin-cells  and  mucilage- 
receptacles  (mucilaginous  cells  and  mucilage-canals). 

I.  Ulmaceae. 

The  Ulmaceae  agree  with  the  rest  of  the  Urticaceae  in  certain  features  pre- 
sented by  the  structure  of  the  axis  (viz.  the  superficial  development  of  cork, 
the  almost  exclusively  simple  perforations  in  the  vessels,  and  the  nearly  imiversal 
occurrence  of  simple  pits  on  the  wood-prosenchyma) ;  also  in  the  frequent  occur- 
rence of  calcification  and  silicification,  and  more  especially  of  cystohth-like 


'  These  long  bast-fibres  are  multinucleate  in  Uriica  dioica  and  Cannabis  sativa  (Trenb  and 
Kallen). 
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structures.  The  latter  are  either  independent  c5^toliths,  or  hair-cystoliths,  or 
cystotyles.  As  a  point  of  distinction  from  the  Cannabineae  ana  Moraceae, 
the  al^nce  of  laticiferous  cells  in  the  Ulmaceae  deserves  notice.  ITie  only 
internal  secretory  elements  which  have  been  observed  are  mucilage-cells  (in 
the  bast  of  species  of  UlmuSj  and  in  the  mesophyll  of  species  of  Cdtis,  Giron^ 
niera  and  Pnyllosfylon)^  if  we  exclude  the  geiatinization  of  the  epidermis  of 
the  leaf  found  in  many  species.  The  type  of  stoma  is  not  uniform  ;  similarly 
the  pericycle  shows  varied  differentiation.  Oxalate  of  lime  occurs  in  the  form 
of  clustered  and  solitary  crj^tals,  the  latter  sometimes  resembh'ng  styloids  in 
shape  as  in  the  neighbourhood  of  the  primary  hard  bast  of  CeUis,  TTie  hairy 
covering  consists  of  clothing  and  gkmdular  hairs»  both  of  which  show  Uttle 
diversity  of  form,  the  clothmg  hairs  being  mostly  uniceUular.  Other  special 
features  in  the  structure  of  the  leaf  are  :  papillose  differentiation  of  the  lower 
epidermis  (species  of  CeUis) ;  and  development  of  hjrpoderm  on  the  upper  side 
of  the  leaf  (species  of  Aphananthe^  Celtis^  Gironniera,  HolopieUa^  Parasponia, 
Trema). 

The  leaf-structure  of  the  Ulmaceae  has  been  investigated  especially  by 
Priemer  ^  The  following  statements  may  be  cited  regarding  the  integu- 
mentary tissue  of  the  leaf.  The  lateral  margins  of  the  epidermal  cells  are  either 
straight  or  undulated.  Certain  species  of  Ulmus  and  CeUis  are  distinguished 
by  the  development  of  strong  cuticular  ridges,  especially  on  the  lower  side  of 
the  leaf.  Papillae  are  found  on  the  lower  side  of  the  leaf  in  certain  species 
of  CeUis*.  All  the  investigated  species  of  Ulmus^  Phyllosfylon,  Planera^ 
Zelkova  incl.  Hemiptelea^  AmpehcerUf  CeUis^  Parasponia^  Gironniera^  Chaetactne, 
and  some  of  the  species  of  Trema  exhibit  geiatinization  of  the  epidermis  of 
the  leaf.  Another  feature  is  the  '  two-layered  epidermis  *  found  in  species  of 
Aphananthey  CeUis^  Gironniera^  Holoptelea^  Trema  and  Parasponia  \  the  lower 
layer  of  cells  usuallv  differing  from  the  upper.  The  stomata  are  generally 
present  only  on  the  lower  side  of  the  leaf,  but  in  Trema  aspera^  Bl.  and  some 
species  of  CeUis  they  also  occur  on  the  upper  side.  The  guard-cells  usually 
lie  on  a  level  with  the  epidermis,  but  in  the  species  with  a  papillose  epidermis, 
and  in  Hemiptelea  Daviaiiy  PI.  they  are  depressed,  while  in  Trema  amboinensis, 
Bl.  and  other  species  they  are  elevated.  With  regard  to  the  subsidiary  ceUs, 
Priemer  makes  the  following  rather  vague  statement :  *  The  stomata  are 
invariably  enclosed  by  accessory  subsidiary  cells ' ;  in  Ulmus  campestris^  L. 
I  found  the  stomata  surrounded  irregtdarly  by  a  number  of  ordinary  epidermal 
cells,  while  in  CeUis  te^andra^  Roxb.  one  of  the  neighbouring  cells  on  either 
side  of  the  pore  is  placed  parallel  to  the  latter.  The  leaf*8tructure  is  mostly 
bifacial,  but  is  subcentric  in  some  species  of  CeUis.  The  palisade-tissue  consists 
of  one  or  more  layers,  the  number  being  sometimes  constant  for  certain  species, 
or  even  genera.  In  some  species  of  Cdtis  the  lateral  walls  of  the  palisade-cells 
are  finely  undulated.  The  spongy  tissue  either  contains  large  lacunae  {Planera^ 
UhnuSy  Zdkova)  or  is  dense.  In  certain  species  of  CeltiSy  Gironniera  and 
PhyUostylon  %  mucilage-cells  occur  in  the  mesophyll  *.    The  vascular  bimdles 


'  Priemer*!  work  dealt  with  the  foUowing  genera  :  ( 1 )  Ulmeae :  Ulmus ^  HohpteUa^  PhyUostylon^ 
Plamra\  (3)  Celtideae:  Zelkova  incl.  HtmipUlea^  Ampelocera,  Celiis^  Trema,  Parasponia^  Apha- 
nanthe^  Gironniera,  Chaetacme  and  CelHdopsis  {Meriensia  pubescens,  Kth.,  incorrectly  named 
MerUnsia  cUrifolia  or  Celiidopsis  citrifolia  by  Priemer).  Priemer's  nomenelatnre  of  the  species  is 
on  the  whole  retained  here,  although  in  his  work  the  same  species  sometimes  figures  under  several 
synonyms ;  I  have  only  corrected  the  numerous  misprints. 

'  See  Priemer,  loc  dt,  p.  463. 

'  See  Priemer,  loc.  dt.,  p.  424,  foot-note  i. 

*  CeUis  aculeata,  Sw.,  C.  dithotoma,  Ruiz,  CJamaieonsis^  PL,  C.  laiifilia,  Pl.»  C.  mauritiana, 
PL,  C,  panieuhia,  PI.,  C.  rigescens,  PL  ;  Gironnura  celtidifolia.  Gaud. ;  PhyUostylon  brasiliensis, 
Capan.,  P.  rhamnoides,  Taub. 

*  I  do  not  know  what  Priemer  means  by  the  'free  sclerenchymatous  elements '  of  some  spedes 
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of  the  veins  are  either  accompanied  by  sclerenchyma  only  {Ulmus^  Planer a^ 
Zdkova,  CeUis  pro  parte,  Gironniera^  Aphananihe  pro  parte)  or  by  a  sheath  of 
large  parenchjmtiatous  cells  devoid  of  chlorophyU  {Hemiptdea^  Pkyllostylon, 
CeUis  pro  parte,  Trema,  Parasponia^  Aphananihe  pro  parte);  in  ottier  cases 
neither  sderenchjmia  nor  a  parenchjmMitous  sheath  is  present  {CeUis  cinna- 
momea,  lindl.,  Ampelocera,  Aphananihe  philippinensis,  PL).  Vertically  trans- 
current  veins  are  found  in  the  genera  Giranniera,  Hemiptelea,  Parasponia^  Planer a^ 
Trema,  Ulmus,  Zdkova,  CeUis  pro  parte,  and  PhyUostylon  rhamnoides,  Taub. 

Oxalate  of  Ume  is  present  in  the  form  of  ordinary  solitary  and  clustered 
crystals.  Both  forms  of  crystals  are  found  in  the  leaf  in  the  genera  Apha^ 
nanihe,  CeUis^  Gironniera^  Hohptelea  \  PhyUostylon  and  Ulmus^  the  clustered 
crystals  occurring  in  the  mesophyll,  the  soUtary  crs^tals  accompanying  the 
vascular  bundles  of  the  veins.  Solitary  crystals  alone  have  been  observed  in 
the  leaf  in  Ampelocera  (only  in  the  petiole)  and  Zelkova^  clustered  crystals 
alone  in  Hemiptelea^  ParasponiOy  Planera  and  Trema^  while  in  Ampdocera 
neither  clustered  nor  soUtary  crystals  are  present. 

The  hairy  covering  consists  of  clothing  and  glandular  hairs.  The  former 
have  pointed  apices,  and  are  mostly  unicellular,  or  as  an  exception  (C.  Krauss- 
ianay  Bemh.)  bicellular.  The  walls  of  the  hairs  are  mostly  thick,  and  are 
frequently  calcified  or  silicified ;  the  outer  surface  is  sometimes  (species  of 
Aphananihe^  CeUis,  Gironniera,  Trema)  furnished  with  calcified  warts,  and  not 
uncommonly  a  crystoUth-like  body  springs  from  the  lateral  wall.  Specisil  forms  of 
trichomes  are  :  the  long  and  narrow  clothing  hairs  of  Cdtis  boliviensis,  PI., 
C.  Tala,  Gill,  and  Zdkova  cretica,  Spach  ;  the  trichomes  of  Ampelocera  Ruiziiy 
Klotzsch,  which  have  thin  walls,  and  are  broadest  at  the  middle,  not  at  the 
base  ;  and  the  hairs  of  certain  species  of  Trema  (such  as  T.  amboinensis,  BL), 
which  likewise  have  thin  walls,  sometimes  contain  cystoUths,  and  form  a  felt- 
like covering  on  the  lower  side  of  the  leaf.  Glandular  hairs  are  present  in  all 
the  genera  examined  by  Priemer.  They  generally  have  a  unicdlular  or  uni- 
seriate  stalk  of  variable  length,  and  a  head  composed  of  one  or  several  cells. 

The  shape  of  the  glandular  hairs  varies  even  within  the  limits  of  a  genus.  In 
the  simplest  case  (speaes  of  CdUs  and  Trema)  the  glandular  hairs  consist  of  a  row 
of  cells  with  a  more  or  less  distinct  demarcation  of  the  terminal  cell.  In  other 
species  of  Trema  the  hairs  are  composed  of  a  double  row  of  cells.  Ulmus^  Planera^ 
PhyUostylon,  Aphananihe  and  Hemiptdea  have  club-shaped  glandular  hairs  con- 
sisting of  about  three  cells  lying  in  a  row,  the  terminal  ceU  bein^  occasionally 
somewhat  swollen.  In  A  mpelocera  there  are  glandular  hairs  with  a  umcellular  stalk, 
and  a  club-shaped  head  divided  bv  horizontal  and  vertical  walls ;  in  Gironniera 
there  are  hammer-shaped  external  glands  with  a  uniceUular  stalk,  and  a  head 
divided  by  vertical  walls  onlv,  whilst  in  certain  species  of  Celtis  the  glandular  hairs 
are  derived  from'uniseriate  hairs  by  enlargement  of  the  distal  cells  which  further 
undergo  vertical  divisions. 

In  some  cases  the  marginal  teeth  of  the  young  leaves  also  produce  a  secretion, 
e.g.  in  Ulmus  campestris,  according  to  Reinke.  These  teeth  include  the  termination 
of  a  vein  ;  mucilage  is  found  in  the  ep»idermis  and  the  subjacent  tissue,  and  a  few 
stomata  occur  above  the  end  of  the  vein 

Silidfication  and  calcification  are  conmion  phenomena,  as  stated  above. 


of  Celiis,  described  on  p.  438  ;  possibly  tbe  enlarged  tenninal  tracbeides  are  referred  to.  In  tbe  two 
species  whicb  I  had  at  my  disposal  for  checking  this  observation  (6*.  pamcuicUat  PI.  and  C  Mrandra^ 
Roxb.)  I  foond  nothing  to  which  such  a  term  would  be  applicable. 

^  In  the  general  part  of  Priemer*s  work  PhyUostylon  is  not  incladed  amongst  the  genera  enume- 
rated as  having  both  solitary  and  clustered  crystals  in  the  leaf ;  in  place  of  this  genus,  however, 
HcmipteUa  is  quoted,  involving  a  contradiction  of  the  statements  in  the  special  portion  of  the  same 
treatise.  In  the  general  part  Holoptdea  is  given  amongst  the  genera  which  have  clustered  crystals 
only,  while,  acconling  to  the  special  part,  solitary  crystals  are  present  in  the  petiole  of  HoiopteUa, 
Such  contradictions  are  unfortunately  not  uncommon  hi  Priemer*s  work. 
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In  some  cases  the  silicification,  besides  affecting  the  walls  of  the  hairs,  frequently 
extends  to  the  outer  walls  of  the  epidermal  ceUs  and  the  adjacent  lateral  waUs. 
In  other  cases  the  sUicified  parts  are  protuberances  of  the  cell- wall,  the  shape 
of  which  may  graduate  into  that  of  cystoliths.  These  protuberances  occur 
not  only  in  the  integumental  tissue,  but  also  in  the  mesophyll.  The  silicifica- 
tion is  specially  strong  in  Ceftis,  Chaetacme,  Hemiptelea,  Holoptelea  and 
Trema.  In  many  cases  calcification  accompanies  the  silicification.  The 
calcification  of  the  walls  of  the  hairs  has  alreaay  b^n  mentioned  above.  We 
may  follow  Priemer  in  dividing  the  calcified  cj^tolith-like  structures  into 
cystotyles  and  cj^toliths.  According  to  Priemer  the  cj^totyles  comprise 
all  encrusted  structures  which  have  no  stalk  and  no  stratification,  while 
the  cystoliths  are  those  which  are  provided  with  a  stalk,  or  are  stratified, 
or  exhibit  both  these  features.  The  cystolith-like  structures  are  almost  always 
confined  to  the  integumentary  tissue;  they  are  restricted  to  the  mesophyll  in 
Celiidopsis  only.  Cystoliths  have  been  observed  in  the  genera  Ampelocera^ 
CeltiSy  ChaetacmCj  Hemipielea^  Holoptelea^  Parasponia^  PhyUostylon  and  Trema, 
and  cystotyles  in  all  the  investigated  genera.  The  cj^toliths  are  either  inde- 
pendent, or  occur  in  the  hairs.  The  independent  cystoliths  are  found  in  epidermal 
cells,  which  are  enlarged  towards  the  mesophyll,  only  a  small  portion  of  the 
wall  of  the  cell  in  most  cases  reaching  the  siurf ace  of  the  leaf ;  it  is  to  this  por- 
tion of  the  wall  that  the  stalk  of  the  cystolith  is  attached.  Cystohths  of  the 
second  type,  viz.  hair-cj^toliths,  occiu"  in  the  trichomes.  The  hthocj^ts  con- 
taining the  independent  cj^toliths  usually  lie  with  their  outer  wall  on  a  level 
with  the  epidermis,  and  rarely  {CeUis  brasiUensis,  PI.)  occur  in  a  superficial  depres- 
sion. The  independent  cystoliths  are  as  a  rule  botryoidal,  cylindrical,  or 
spherical  in  shape,  all  these  different  forms  being  found  in  the  genus  Celtis. 
Among  rarer  torms  are  reniform  or  arc-shaped  cystoliths  {Celtis  pubescens, 
H.B.K.,  &c.),  or  mushroom-like  cystoliths  (Chaetacme  aristata^  PL).  The 
cystoliths  in  the  hairs  are  pear-shaped,  and  are  seated  on  the  lateral  wall, 
near  the  base  of  the  hair.  The  occmrence  of  <^toliths  in  mucilaginous  epi- 
dermal cells  is  specially  noteworthy  (species  of  Chaetacme  and  Trema). 

In  dealing  with  the  systematic  value  of  these  structures  Priemer  distinguishes 
the  following  t3rpes  of  cystoliths,  emplo3ring  the  terms  introduced  by  Mez  in  his 
study  of  the  cvstoliths  of  the  Cordiaceae :  I.  Independent  cystoliths,  i.e.  such  as 
occur  independently  of  the  hairs  ;  at  tiie  most  the  outer  wall  of  the  lithocyst  ter- 
minates in  a  small  point.  A  mpelocera  (containing  very  little  lime  and  only  occurring 
in  the  upper  epidermis  of  the  leaf) ;  Celtis  (except  t,  Kraussiana,  Bernh. ;  some 
of  the  species  also  have  types  II  and  III) ;  Chaetacme  (mushroom-shaped,  mostly 
in  mucilaginous  epidermal  cells,  and  only  on  the  upper  side) ;  Holoptelea  (only  in 
the  lower  epidermis) ;  PhyUostylon  (accompanying  tjrpe  II) ;  Trema  (in  mucilaginous 
epidermal  cells  in  a  few  of  the  species ;  accompanied  by  type  II,  and  in  some  of 
the  species  by  III  also) ;  Celtidopsis  (only  in  the  mesophyll).  II.  Hair-cystoliths  : 
Celtis  pro  parte  (accompanied  by  type  I) ;  PhyUostylon  (accompanied  by  I) ;  Trema 
(accompanied  by  I,  and  in  some  of  the  species  also  by  III),  ill.  Spherical  cysto- 
liths, i.e.  hair-cystoliths,  surrounded  by  epidermal  ceUs  containing  cystotyles,  the 
whole  group  forming  small  false  scales :  C^tis  Kraussiana,  Bernh.  and  other  species 
of  Celtis  (the  latter  also  having  types  I  and  II) ;  Hemiptelea  ;  Parasponia  (accom- 
panied by  II) ;  Trema  (accompamed  by  I  and  II).  Iv.  Smaller  cystoliths,  often 
poor  in  carbonate  of  lime  and  rich  in  silica,  and  seated  in  groups  of  2-5  in  the  comers 
of  adjacent  epidermal  cells :  in  all  the  genera  and  of  no  special  systematic  value. 

According  to  Priemer  the  base  of  the  petiole  contains  either  an  arc-shaped 
vascular  bundle  {Celtis^  Trema,  Zelkova,  Holoptelea,  Aphanantke),  or  a  ring  of 
wood  and  bast  (Ulmus,  Planera,  PhyUostylon,  Hemiptdea,  Chaetacme),  or  three 
vascular  bimdles  (Gironniera),  According  to  Petit,  three  vascular  bundles 
enter  the  petiole  in  species  of  CeUis,  Ulmus  and  Planera, 

The  structure  of  the  axis  has  been  specially  examined  by  me  with  reference 
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to  the  nature  of  the  wood  in  Vlmus  campestris^  L.,  HolopteUa  integrifolia^  Pl.^ 
Planera  aquatica^  Gmel.,  Cdiis  occtdenialts,  L.  and  Aphananihe  aspera^  PL,  and 
by  M^er  with  reference  to  the  cortex  in  species  of  Ulmus  and  CelHs.  In  Ulmus 
the  medullary  rays  of  the  wood  reach  a  breadth  of  seven  cells  even  in  material 
from  branches,  the  cells  being  much  elongated  radially,  and  exclusively  in  that 
direction  ;  in  the  remaining  genera  the  medullary  rays  are  narrower,  reaching 
a  breadth  of  three  cells,  and  some  of  the  cells  are  elongated  in  the  vertical, 
some  in  the  radial  direction.  The  vessels  vary  as  to  the  size  of  their  lumina 
and  the  mode  of  their  arrangement.  In  Hohpuiea,  the  vessels,  which  are  mostly 
isolated,  more  rarely  arranged  in  radial  series  of  2-3,  attain  a  diameter  of 
•09  mm. ;  in  Planera  the  majority  of  the  vessels  form  radial  rows,  and  their 
diameter  only  reaches  -04  nmi. ;  in  Ulmus  the  diameter  of  the  vessels 
in  the  spring- wood  reaches  -15  mm.,  and  they  are  isolated,  while  the  vessels 
of  the  autumn-wood  have  smaller  lumina  and  form  tangential  groups.  On 
the  common  walls  between  contiguous  vessels  rather  large  bordered  pits  occur 
(diameter  of  border  in  Ulmus  as  much  as  -009  nmi.,  in  other  cases  -004  mm.). 
In  contact  with  parenchyma  of  the  medullary  ra^,  the  walls  of  the  vessels  are 
also  mostly  provided  with  distinct  bordered  pits.  Spiral  thickening  of  the 
vessel-wall  has  been  observed  in  Ulmus  campestris  (according  to  He^elbarth 
in  U,  pedunculata  also),  and  in  Aphananihe  aspera.  The  perforations  of  the 
vessels  are  simple,  and  round  or  elliptical.  Scalariform  perforations  with  1-6 
bars  have  only  been  met  with  in  Planera  aquatica^  where  they  occur  in  the 
neighbourhood  of  the  primary  wood,  elongated  elliptical  perforations  being 
2dso  present.  The  wood-parenchjona  is  sometimes  {Cutis.  Holoptelea)  developed 
in  considerable  quantity.  In  Planera  the  wood-prosenchyma  is  provided  with 
pits  having  a  small  border  (similar  to  those  of  Betula),  but  m  other  cases  it  bears 
simple  pits.  The  wood-fibres  frequently  have  relatively  wide  lumina  and  rather 
thick  walls.  In  some  cases  (species  of  CeUis,  Holoptelea  and  Ulmus)  the  size 
of  the  lumen  is  diminished  by  the  presence  of  a  gelatinous  layer.  It  remains 
to  mention  that  in  the  heart- wood  and  pith  of  certain  species  of  Ulmus  and 
Celtis  it  has  been  demonstrated  that  carbonate  of  lime  forms  a  component  part 
of  the  cell-contents  (Molisch  and  Priemer). 

The  outermost  cell-layer  of  the  cortex  is  sometimes  {CeUis.  Ulmus)  silici- 
fied.  According  to  M611er,  the  development  of  cork  takes  place  subepidermally. 
The  cork  consists  of  cells  with  wide  lumina,  and  in  CeUis  contains  stone-cells. 
As  is  well  known,  Ulmus  suberosa.  Mch.  is  characterized  by  a  massive  develop- 
ment of  the  superficial  periderm.  The  pericycle  contains  isolated  bundles  of 
bast-fibres  in  Ulmus,  and  a  composite  and  continuous  ring  of  sclerenchyma  in 
CeUis.  In  both  genera  the  secondary  bast  includes  groups  of  long,  smooth 
bast-fibres,  which  occasionally  give  rise  to  a  stratification  of  the  bast.  In  the 
older  cortex  of  Celtis  the  bast-parenchyma  becomes  sclerosed.  The  sieve-tubes 
have  simple  sieve-plates  with  coarse  meshes.  The  medullary  rays  of  the  bast 
contain  no  crystals,  but  solitary  and  clustered  crystals  are  fairly  common  in 
other  parts  of  the  cortex  ;  in  Ulmus  the  solitary  crystals  in  the  neighbourhood 
of  the  primary  bast  are  rod-shaped  (resembling  styloids).  Of  secretory  ele- 
ments, mucilage-cells  are  found  in  the  bast  of  Ulmus  :  they  have  laiige  rounded 
lumina,  and  are  somewhat  elongated  in  the  vertical  direction ;  according  to 
MoUer  they  vary  in  abundance,  and  are  quite  absent  in  some  specimens. 

According  to  Gris,  the  pith  in  Planera  is  entirely  composed  of  active  cells 
with  thick  walls,  whilst  in  Ulmus  and  Celtis  the  central  portion  consists  of 
rather  large,  empty  cells  with  thin  walls,  and  the  peripheral  portion  is  formed 
by  relatively  sniall  active  cells  with  thick  walls  \ 


^  It  is  not  easy  to  understand  how  Gris  comes  to  the  condosioa,  from  these  data,  that  Ceiiis 
should  be  separated  from  Uitnus  and  Planera  as  an  independent  group. 
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2.  Cannabineae. 

Cannabis  and  Humulus,  like  the  other  Urticaceae,  exhibit  the  following 
features  :  simple  perforations  in  the  vessels  ;  wood-prosenchyma  with  simple 
pits ;  secondary  hard  bast ;  long  bast-fibres  (as  much  as  22  mm.  in  length  in 
Cannabis) ;  cystolith-like  structures ;  unicellular  clothing  hairs  often  con- 
taining cystoliths  ;  and  glandular  hairs,  the  heads  of  which  are  mostly  divided 
by  vertical  walls  only.  Laticiferous  cells  have  only  been  observed  in  Humulus, 
Ilie  stomata  have  no  special  neighbouring  cells.  Oxalate  of  lime  takes  the 
form  of  clustered  crystals. 

To  this  brief  dia^osis  we  may  add  some  information  regarding  the  lati- 
ciferous tubes,  the  hairy  covering,  the  cj^toliths,  &c.,  and  the  structure  of  the 
petiole.  The  laticiferous  tubes  of  Humulus  are  found  in  the  parenchymatous 
pericycle,  on  the  inner  side  of  the  primary  groups  of  hard  bast.  According  to 
Holzner  the  laticiferous  tubes  do  not  appear  to  be  present  in  the  embryo. 
Further  investigation  is  required  to  determine  whether  these  elements  occur 


PlO.  181.  A-P,  Humnbu  Lm^uIus,  L.  :  A-D.  Glandular  hairs ;  B,  Lupulin- 
g^aods :  P,  Climbini^  hairs,  o,  Transverse  section  through  the  leaf  of  Cannabis 
fc/mi,  Lr.~A'D  and  p  after  Holnier,  e  after  Kny,  G  Ort^tnal. 


in  Cannabis,  or  are  really  absent,  as  is  apparently  the  case  ^  The  clothing 
hairs  are  mostly  unicellular,  more  rarely  (Humulus)  uniseriate  ;  they  vary  in 
length.  As  in  other  Orders  possessing  cystoliths,  we  find  an  antagonistic 
relation  between  the  development  of  hairs  on  the  one  hand,  and  of  cvstoliths 
on  the  other  (Fig.  181,  G).  The  large  cystoliths  on  the  upper  side  of  the  leaf 
of  Cannabis  saliva,  L.  are  contained  in  trichomes,  the  basal  portion  of  which 
is  strongly  swollen,  and  penetrates  into  the  mesophyll,  while  the  actual  body 
of  the  luur  is  often  considerably  reduced  ;  on  the  other  hand  the  longer  hairs 
on  the  lower  side  of  the  leaf  only  include  small  cystoliths,  and  in  these  the 
stalk  of  the  cystolith  may  be  said  to  be  formed  by  the  body  of  the  hair,  which 
has  become  soUd  owing  to  calcification  and  sihcification  ;  in  other  cases  these 

'  Chaaveatid's  statement  (loc.  dt,  p.  119)  that  latidferous  tabes  occar  in  Cannabis  is  based  on 
the  fact  that  Engler  ascribes  them  qnite  generaUy  to  the  members  of  his  Order  Moraceae  (including 
the  Cannabineae).  According  to  ChauTeand  latidferous  tubes  are  not  present  in  the  embryo  of 
CannaHs, 
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long  hairs  only  possess  a  calcified  apex.  In  the  cells  adjoining  the  large  hair- 
cystolithsy  cystotyles  sometimes  occm".  The  climbing-hairs  found  in  the  hop 
(Fig.  i8iy  /^  are  a  special  form  of  clothing  hair.  Tliey  are  miicellular  mal- 
pignian  hairs  with  equal  or  unequal  arms,  and  a  strongly  silicified  wall»  and 
are  either  directly  inserted  in  the  epidermis  or  seated  at  the  apex  of  a  multi- 
(^ular  pedestal.  These  hairs  are  connected  with  the  ordinary  clothing  hairs 
by  transitional  forms.  The  glandular  hairs  of  Hamulus  exhibit  a  series  of 
forms,  which  have  been  described  in  detail  by  Holzner  (Fig.  i8i,  A-E) ;  the 
following  types  are  found  :  (a)  stalked  capitate  external  glands,  with  a  uni- 
cellular, or  uniseriate  and  then  locally  (i.e.  in  the  upper  part)  biseriate  stalk,  and 
a  spherical  head,  which  is  composed  of  four  or  more  cells  separated  by  vertical 
W£uls,  or  is  divided  into  a  still  larger  number  of  cells  by  both  horizontal  and 
vertical  walls ;  {b)  discoid  glands  with  a  unicellular  stalk  and  a  disc-shaped 
head  consisting  of  a  single  layer  of  cells  ;  (c)  finally  glands  with  a  crateriform 
head,  composed  of  a  single  laver  of  cells,  and  exhibiting  an  abundant  accumula- 
tion of  secretion  beneath  the  cuticle.  Cannabis  has  discoid  glands  similar 
to  those  of  Humulus,  and  also  small  external  glands  with  a  unicdlular  stalk, 
and  a  head  which  is  either  unicellular  or  biceliular,  owing  to  the  presence  of 
a  vertical  wall.  The  teeth  on  the  younc^  leaf  of  Humulus  are  also  glandular, 
being  provided  with  a  secretory  palisade-like  epidermis.  The  characteristic 
region  of  the  petiole  contains  an  arc-shaped  fibrovascular  system  in  Cannabis 
and  Humulus;  in  the  latter  genus  the  seven  component  vascular  bundles 
which  enter  the  petiole,  can  be  distinctly  recognized  in  the  arc  of  vascular  tissue. 

3.   MORACEAE. 

The  Moraceae  are  specially  distinguished  by  the  presence  of  laticiferous 
cells.  Certain  other  features  they  have  in  common  with  the  rest  of  the  Urti- 
caceae ;  these  are :  the  simple  perforations  in  the  vessels ;  the  simple  pitting  of 
the  wood-prosenchyma ;  the  superficial  development  of  the  cork ;  the  presence 
of  cystolith-like  structures ;  and  the  frequent  occurrence  of  very  long  bast- 
fibres.  The  stomata  usually  have  no  special  subsidiary  cells.  The  hairy 
covering  consists  of  :  (a)  simple  unicellular  hairs,  which  are  sometimes  (Arto- 
carpus,  Darstenia,  Broussonetta,  Cecropia)  bent  like  a  hook  at  the  apex ;  (6) 
uniseriate  hairs  {Ficus  pro  parte,  Cecropia) ;  and  (c)  glandular  hairs  of  varied 
structure  (in  some  cases  pearl-glands).  Oxalate  of  lime  is  excreted  in  the  form 
of  solitary  and  clustered  crj^tals.  The  following  internal  secretory  organs 
are  present :  resin-cells  {Artocarpus),  tanniniferous  idioblasts  (Ficus),  and 
mucuage-canals  {Cecropia,  Conocephalus).  Special  features  in  the  leaf  are  the 
occurrence  of  hypoderm  (species  of  Ficus  and  Conocephalus),  and  of  clustered 
crystals  in  the  epidermis  (species  of  Antiaris,  Artocarpus,  Ficus,  Madura). 

A  detailed  investigation  of  the  structure  of  the  leaf  has  not  yet  been  made. 
In  the  representatives  of  the  three  Tribes  examined  by  me  (Morus  alba,  L., 
Artocarpus  indsa,  L.  f.  and  Conocephalus  suaveolens,  Bl.)  the  stomata  are 
surrounded  in  the  first  two  species^  by  a  number  of  epidermal  cells  irre- 
gularly arranged,  in  Conocephalus  suaveolens  *  by  three  subsidiary  cells.  Gela- 
tinization  of  the  epidermis  of  the  leaf  has  been  observed  in  Morus  alba,  and 
by  Richter  in  Anliaris  toxicaria,  Lesch.  and  species  of  Cecropia,  Hypoderm 
has  b^n  found  in  Conocephalus  suaveolens,  species  of  Cecropia  and  numerous 
species  of  Ficus  (see  De  Bary  and  Mdbius) ;  it  occurs  either  on  both  sides  or 

^  The  same  U  the  case  in  Antiaris^  according  to  A.  Richter,  and  in  Ficus,  according  to  Stras- 
boiger.  In  Ficus  the  cells  immediately  sorroandi^  the  pairs  of  guard-cells  are  cat  off  by  secoodanr 
divisions  from  the  cells  adjoining  the  mother-cell  of  the  guard-cells  (Strasbnrger,  in  Pringsheim  s 
Jahrb.,  Bd.  ▼,  1866-7,  p.  332  and  Tab.  zli). 

*  Also  in  Dorsteniaj  according  to  Benecke. 
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only  on  the  upper  side  of  the  leaf.  In  Brosimopsis  lactescenSy  Sp.-Moore  and 
Ficus  Carica  the  upper  epidermis  consists  locally  of  two  layers.  The  genus 
Cecropia  has  vertically  transcurrent  veins  (Richter).  A  noteworthy  feature 
IS  the  occurrence  of  clustered  crystals  in  the  integumentary  tissue.  These 
crj^tals  occupy  small  epidermal  cells  in  AtUiaris  sacciodora^  Dalz.  and  Arto* 
carpus  communis^  Forst.,  according  to  A.  Richter,  and  in  Madura  tricuspidaia 
and  '  Ficus  indica,*  according  to  M5bius  ;  in  the  first  three  species  these  cells 
form  small  groups.  In  Ficus  elastica  and  F.  macrophyUa  clustered  crystals 
are  found  in  the  hypoderm  (Mobius).  It  remains  to  mention  the  peculiar 
small  pits,  warts  or  spots  (forming  hydathodes),  which  are  found  in  many 
species  of  Ficus^  in  Conocephalus  ovaius  and  Cecropia  Schiedeana ;  they  are 
situated  on  the  upper  side  of  the  leaf,  and  generally  occur  above  the  points 
of  jtmction  of  the  veins,  or  more  rarely  are  restricted  to  the  margin  of  the 
leaf.  They  are  due  to  the  presence  of  a  group  of  cells  resembling  an  epi- 
thema  and  containing  the  termination  of  a  group  of  tracheae  belonging  to  the 
vascular  s]rstem ;  above  the  epithema  there  is  a  group  of  water-pores  (De 
Bary,  Haberlandt,  Mdbius). 

The  distribution  of  the  laticiferous  tubes  has  hitherto  been  insufficiently 
investigated  from  an  anatomical  point  of  view.  By  no  means  all  the  Moraceae 
are  stated  by  systematists  to  have  latex,  but  that  does  not  exclude  the  possi- 
bility of  laticiferous  tubes  occurring  throughout  the  Tribe,  though  in  some  cases 
with  contents  which  are  not  milky.  In  Bentham  and  Hooker's  Gen.  Plant., 
and  in  DC.  Prodr.  the  following  genera  are  described  as  lactescent :  amongst  the 
Moreae — BUekrodia^  Taxotrophis^  MaHlardia,  BroussoneHa^  AUaeatUhus,  Bagassa^ 
Chlorophoray  Madura^  Pachytrophe  (succo  opalino),  Paratrophis^  Pseudamorus, 
Morus,  Anppalis  (succo  opalino),  Trophis,  StoeUa  and  DorsUnia ;  amongst  the 
Artocarpeae — Ficus,  Bfosimum,  Lanessaniay  AnHaris,  Olmedia,  CastiUoa^ 
Perebea,  Noyera,  Artocarpus,  Sahagunia,  Clarisia^  Balanostrebus  and  Sarocea ; 
and  amongst  the  Conocephaleae — Cecropia  and  Coussapoa.  According  to  Pdppig, 
Trymatococcus  (Morea)  has  no  latex ;  the  genera  Pseudolmedia,  HeUcostylis  and 
Baiocarpus  (Artocarpeae)  are  described  as  (?)  lactescent.  According  to  Tr&ul, 
laticiferous  tubes  are  not  present  in  Conocephalus  suaveolens,  but  they  have 
been  shown  to  occur  in  the  recently  established  Artocarpeous  genus  Brosim* 
opsis,  Sp.-Moore.  According  to  Schmalhausen  and  Chauveaud,  the  initials 
of  the  laticiferous  system  in  the  Moraceae  are  found  in  the  nodal  plane  of  the 
embryo  ;  they  form  two  groups,  each  composed  of  4-5  cells,  which  are  situated 
peripherally  in  the  central  cylinder  at  points  corresponding  to  the  depressions 
between  the  two  cotyledons.  In  the  mature  plant  they  are  present  both 
in  the  axis  and  leaf ;  those  in  the  axis  occur  in  the  pith,  primary  cortex,  peri- 
cyde  and  bast.  The  medullary  laticiferous  tubes  are  often  connected  with 
those  in  the  cortex  through  the  medullary  rays.  Those  occurring  in  the  secon- 
dary bast  are  not  of  secondary  origin,  but  are  merely  branches  of  the  cortical 
laticiferous  system.  The  course  of  the  laticiferous  tubes  in  the  leaf  has  only 
been  examined  in  detail  in  Ficus ;  we  may  follow  Pirotta  and  Marcatili,  as 
well  as  Groom  and  Scott,  in  distinguishing  two  cases.  In  some  of  the  species 
of  Ficus  (e.g.  F.  laurifolia)  the  laticiferous  tubes  are  only  found  accompanying 
the  vascular  bundles  ol  the  veins  ;  in  other  species  (e.g.  r,  elastica,  F.  rdigtosa, 
&c.)  the  main  branches  of  the  laticiferous  tubes  do  not  leave  the  vascular 
btmdles  of  the  veins,  but  they  send  out  branches  into  the  mesophyll,  and  these 
sometimes  traverse  the  hypodermal  aqueous  tissue  as  far  as  the  epidermis,  or 
even  (F.  rdusa)  reach  the  cuticle.  In  Ficus  Carica,  F.  elastica,  Broussondia 
fapyrifera,  Madura  auratUiaca  and  Morus  nigra  the  contents  of  the  latici- 
ferous tubes  include  large  grains,  the  nature  of  which  has  not  been  determined  ; 
these  grains  frequently  show  stratification,  which  was  first  observed  by  Camel. 
The  laticiferous  tubes  also  contain  nuclei,  according  to  Treub. 
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The  spherical  secretory  cells  with  resinous  contents  mentioned  above 
have  been  observed  by  A.  Richter  in  the  spongy  tissue  of  the  leaf  in  Artocarpus 
communis,  Forst.  and  A.  echinata,  Roxb.  (but  not  in  A.  integrifolia,  L.).  The* 
mucilage-canals  are  probably  of  Ij^igenous  origin,  and  are  found  in  the  pith  in' 
species  of  Cecropia  and  in  Conocephalus  suaveoUns  (see  also  Tr6cul).  The  tanni-> 
mferous  idioblasts,  which  were  described  by  Mdbius  as  mucilage-cells,  have 
contents  which  are  strongly  refractive  in  the  living,  and  reddish-brown  in  the* 
dry  pdant ;  these  elements  are  present  in  the  palisade-tissue  (as  enlarged  cells 
of  this  tissue),  and  in  the  neighbourhood  of  the  vascular  system  of  the  veins 
in  Ficus  australis  ( »F.  rubiginosa). 

Calcification  and  silicification  of  the  cell- wall  are  two  common  phenomena 
in  the  Moraceae,  and  often  accompany  one  another.  The  silicification  affects 
cells  of  the  different  tissues,  the  hairs  and  cj^toUths.  The  follovdng  cases  of 
silicification  may  be  mentioned  as  examples :  the  walls  of  the  epidermal  cells  in 
species  of  Ficus  and  Morus  are  silicified ;  so  also  are  the  walls  of  the  outermost 
cell-layer  of  the  primary  cortex  in  species  of  Artocarpus,  Brosimum,  Coussapoa, 
Ficus,  Morus,  Pourouma,  Sorocea,  Trophis  and  TrymaiococcuSi  and  the  walls 
of  the  hairs  in  Ficus;  according  to  Kohl,  the  walls  of  the  papillose  epidermsd 
cells  and  of  the  trichomes  in  DorsUnia  nervosa,  Desv.  are  silicified  to  such  an 
extent  that  the  lumina  of  the  cells  almost  entirely  disappear.  In  the  case  of 
the  cystoliths,  silicification  sometimes  (Ficus  Sycomorus,  according  to  Miliarikis) 
affects  the  litiioc3^ts,  and  very  frequently  the  stalk  and  the  adjacent  portion 
of  the  nucleus  of  the  cystoUth.  In  F.  Sycomorus  moreover,  according  to 
Miliarikis,  a  siliceous  shell  may  be  formed  round  the  head  of  the  cystolith, 
thus  enclosing  it,  or  the  entire  cystoUth  may  be  impregnated  with  siuca. 

The  cystoliths,  which  have  been  chiefly  examined  in  the  leaf,  are  inde- 
pendent in  some  cases,  whilst  in  others  they  are  hair-cystoliths.  Their  exact 
distribution  has  not  yet  been  determined.  In  Kohl's  treatise,  in  which  the  state* 
ments  of  earlier  observers  are  combined  with  his  own  observations,  cystoliths 
are  described  as  occurring  in  Ficus,  Morus,  Broussonetia  and  CMorophora 
(Kohl's  Madura  tinctorial  CMorophora  tinctoria.  Gaud.,  non  Madura,  Nutt.) ; 
to  these  I  am  able  to  add  Conocephalus.  According  to  Payen,  cystoliths  are 
absent  in  Dorstenia.  The  cystohths  found  in  the  leaf,  when  not  present  in 
the  hairs,  are  generally '  situated  in  epidermal  cells,  which  often  penetrate 
deeply  into  the  mesophyll,  while  the  portion  of  their  wall  reaching  the 
surface  of  the  leaf  varies  in  area.  In  most  cases  the  cystoliths  occur  singly ; 
more  rarely  several  of  them  are  found  in  the  same  cell ;  within  the  limits  of 
the  same  genus  (Ficus)  they  may  predominate  sometimes  on  the  upper,  some- 
times on  the  lower  side  of  the  leaf.  Only  the  independent  cystoliths  show 
typical  differentiation ;  they  are  provided  with  a  distinct  stalk  attached  to 
the  outer  wall,  exhibit  distinct  stratification,  and  sometimes  also  show  radial 
strands,  whilst  in  the  hair-cystoUths  these  structural  features  are  more  or  less 
reduced. 

The  cystoliths  have  been  most  thoroughly  investigated  in  the  genus  Ficus  by 
Kohl  and  Mdbius,  and  their  results,  which  are  based  on  the  examination  of  a  rela- 
tively small  number  of  species,  are  sufficient  to  show  what  valuable  data  will  be 
obtamed  for  specific  diagnosis  when  further  investigations  are  carried  out.  The 
cystoliths  of  Ftcus  elasiica  (Fig.  182,  A-B)  are  those  best  known  ;  they  are  ellipsoidal 
in  shape,  with  a  verrucose  surface,  and  occupy  large  idioblasts,  adapted  to  the 
shape  of  the  cystoliths  and  occurring  in  the  integumentary^  tissue  of  the  leaf,  especially 
on  the  upper  side.  They  are  strongly  imprecated  with  carbonate  of  hme,  and 
to  some  extent  (chiefly  m  the  stalk)  with  sihca  as  well ;  in  section  (as  may  be 
specially  clearly  seen  after  decalcification)  they  exhibit  very  fine  stratification 

*  In  no  case  do  they  occur  in  the  ceUs  of  the  assimilatory  tissae,  bat  they  are  fometimes  present 
in  the  parenchyma  of  the  Teins  of  the  leaf. 
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about  the  end  of  the  stalk  as  a  centre,  and  an  additional  system  of  delicate,  frequently 
branched  strands,  radiating  from  the  same  point  ana  terminating  in  the  warts. 


Fig.  1 8a.  A-  B,  C]f  St  ol  it  hs  of  Fichs  ela  stica ,  Rcwb . 
In  'the  hypod«nnal  tiKue  on  the  upper  side  of  the 
leaf :  B,  after  decalcification  with  hydrochloric  acid. 
C  Cystoliths  and  cystolith-hairs  on  the  lower  side  of 
tlie  leaf  of  F'icus  Cart'ca^  L.  D  E,  Broussonttia 
•^Pyriftra.  Vent. :  D,  Transverse  section  of  the  leaf 
with  cystolith>hairs,  bracket-hairs  and  glandular 
bairt;  B,  Cystolith-hairs  on  the  upper  side  of  the 
jroang  leaf.— Original. 

In  F.  'Cooperi,  especially  in  the  lower 

epidermis,  there  are  spherical  cysto- 

Kths  in  which  the  stalk  is  short  and 

thick,  and  the  surface  bears  broad  flat 

"warts.     The  cystoUths  on  the  upper 

side  of  the  leaf  in   F,   religiosa   are 

characterized   by  the   fact  that  their 

Hthocysts  do  not   differ  in  size  from 

the  remaining  epidermal  cells,  and  are 

arranged  in  groups.     In  F.  Carica  the 

<ells  containing  the  cystoliths  show  a 

tendency  to  develop   into   trichomas 

tFig.    182,   C).     In   the    leaf   of   this 

species  we  find  the  following  structures : 

{a)  large,  distinctly  stalked  cystoliths 

occurring  on  the  lower  side  of  the  leaf 

in   enlarged   papillose  epidermal  cells 

provided  with  a  small  solid  hair-hke 

tip ;   (b)  hair-cystoliths ;  and  (c)  hairs, 

of  which  the  upper  portion  is  fiUed  with 

calcified  caps  of  cellulose.     In  a  species 

which  Kom  describes  as  F.  cerasifera, 

he  found  (besides  other  types)  large  cystoliths  of  an  irregular  tuberous  shape, 

liaving  neither  warts  nor  strands.     For  further  examples  see  Kohl  and  Mdbius. 


Digitized  by 


Google 


774  MORACEAE 

According  to  Bokomy,  the  C3rstoliths  of  F.  cordata,  Thunb.,  which  give  rise  to 
transparent  dots  in  the  leaf,  are  not  calcified,  but  appear  to  be  suberized,  to  judge 
by  the  reaction  they  give  with  iodine  and  sulphuric  acid. — ^The  cystoliths  found  in 
the  species  of  Morns  are  hemispherical  or  spherical,  and  are  provided  with  radiating 
fibres.  Their  Uthocjrsts  are  situated  on  the  upper  side  of  the  leaf,  and  are  of  large 
size. — In  Br(mssoneHa  papyfifera,yent.  (Fig.  182,  D-E)  the  large  Uthocysts  on  the 
upper  side  of  the  leaf  show  papillose  differentiation  ;  on  the  lower  side  hair-cysto- 
liths  are  found.  The  large  cystoliths  on  the  upper  side  are  sometimes  produced 
by  the  fusion  of  two  or  three  cystolith-rudiments. 

The  most  essential  points  regarding  the  hairy  covering  have  already  been 
mentioned  above.  Unicellular  bracket-hairs  are  present  in  Darstenia,  according 
to  Kohl ;  in  Ariocarpus  and  Cecropia^  according  to  A.  Richter ;  and  in  Brousso- 
nelia,  according  to  my  own  observation.  The  glandular  hairs  found  in  Antiaris^ 
Broussonetia  and  Marus  have  a  unicellular  stalk  and  a  more  or  less  distinctly 
delimited  ellipsoidal  head,  which  is  multicellular  with  transverse  and  longitu- 
dinal division-waUs.  Sinular  glandular  hairs  appear  to  occur  also  in  Cecropia 
(Richter)  and  in  some  of  the  species  of  Ficus,  at  least  on  the  young  leaves 
(Meyer  and  Mobius) ;  in  F.  rubiginosa  glandular  hairs  have  been  found,  con- 
sisting of  a  row  of  three  cells,  of  which  the  terminal  cell  is  long  and  tubular  ; 
'  F.  indica  *  has  glandular  hairs  with  a  bicellular  stalk  and  an  elongated  head, 
divided  into  two  cells  by  a  vertical  wall  (Mobius).  The  external  glands  of 
Artocarpus  have  a  unicellular  stalk  and  a  disc-shaped  head,  divided  by  vertical 
walls ;  according  to  Haberlandt,  these  glands  are  hydathodes.  The  large 
pearl-glands  of  Cecropia  and  Pourouma^  which  were  known  to  Meyen,  remam 
to  be  described ;  it  has  been  shown  that  in  Cecropia  they  have  a  biological 
fimction  as  food-bodies.  Several  square  centimetres  on  the  lower  surface  of  the 
base  of  the  petiole  in  Cecropia  and  Pourouma  are  coated  by  a  velvety  brown 
covering  of  uniseriate  hairs,  amongst  which  the  pearl-glands  are  situated; 
these  glands  look  like  insects'  eggs  ;  they  fall  off  readily,  but  are  continually 
replaced  by  others.  They  are  ovoid  or  pear-shaped,  and  consist  of  nimierous 
cdls,  which  in  Cecropia  are  rich  in  proteid-matter  and  fatty  oil,  according  to 
Schimper ;  in  this  genus  a  stoma  is  situated  at  the  apex  of  the  gland.  Glandular 
leaf-teeth  having  a  similar  structure  to  those  of  Ulmus  (see  above)  are  found 
for  instance  in  Morus  (Reinke). 

According  to  Petit,  the  differentiation  of  the  fibrovascular  system  in  the 
petiole  is  not  of  a  uniform  type.  In  Morus  alba  the  main  sj^tem  forms  an  arc, 
in  species  of  Ficus  and  in  Castilloa  elasHca  a  slightly  interrupted  ring,  in  Brous* 
sonetia  papyrifera,  Madura  aurantiaca  and  Artocarpus  iniegrifolia  a  ring  of 
5-7  isolated  vascular  bundles,  while  in  Cecropia  peltata  the  petiole  contains 
a  still  larger  number  of  vascular  bundles  (about  30).  For  details  see  Petit, 
loc.  cit. 

The  following  statements  may  be  made  regarding  the  structure  of  the^ 
wood ;  they  are  based  on  my  own  examination  of  species  of  the  genera  SloeHa^ 
MoruSf  Conocephalus,  Artocarpus  and  Ficus,  and  also  on  the  statements  of 
Mdller,  Hesselbarth,  Houlbert  and  A.  Richter.  The  medullary  rays  vary  in 
breadth ;  in  Conocephalus  suaveolens,  Bl.  and  Ficus  indica,  L.,  they  attain 
a  breadth  of  seven  cells  even  in  herbarium-material.  The  size  of  the  lumina 
of  the  vessels  varies  greatly ;  the  perforations  are  simple.  In  contact  with 
parenchyma  the  walls  of  the  vessels  as  a  rule  bear  bordered  pits  with  transitions 
to  large  simple  pits,  but  in  Sloetia  Sideroxylon,  Teysm.  et  Binn.  there  are 
bordered  pits  only.  Spiral  thickening  of  the  vessel-wall  has  been  met  with 
in  species  of  Morus  (chiefly  in  the  vessels  with  narrow  lumina),  in  Broussonetia 
papyrifera.  Vent.,  and  Madura  aurantiaca,  Nutt.  The  wood-prosenchyma 
always  bears  simple  pits  and  may  have  either  wide  or  narrow  lumina.  Accord- 
ing to  De  Bary,  a  gelatinous  thickening-layer  is  present  in  the  wood-fibres  in 
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species  of  Morus,  BroussoneUa  and  Ficus ;  septation  of  the  wood-fibres  is  found 
in  species  of  Ficus.  In  many  species  of  Ficus^  in  Cecropia  obtusa,  Tr6c.  and 
in  species  of  Artocarpus,  Brosimum  and  Streblus  the  wood-parencliyma  forms 
tangential  bands ;  this  is  also  the  case»  though  less  distinct,  in  AnHaris  and 
Bagassa. 

The  pith  is  homogeneous  in  Ficus  (Mentovich). 

The  structure  of  the  cortex  has  been  specially  examined  by  Moller  in 
species  of  Morus^  Madura^  Ficus^  BroussoneHa,  Artocarpus  and  Cecropia,  and 
by  A.  Richter  in  AtUiaris.  In  these  genera  the  cork  arises  in  the  outermost 
ceH'hyer  of  the  cortex.  The  coUenchyma  of  the  primary  cortex  is  developed 
in  various  ways.  Artocarpus  and  Cecropia  are  characterized  by  extensive 
sclerosis  of  the  primary  cortex,  accompanied  by  a  certain  amount  of  thicken- 

Sj.  A  ring  of  st(me-cells,  occurring  in  the  primary  cortex,  is  distinctive  of 
orus  alba,  L.,  according  to  Mdller,  and  Chlorophora  tinctoria.  Gaud.,  Cudrania 
javanensis,  Tr6c.  and  Streblus  asper.  Lour.,  according  to  Engler.  The  pericycle 
includes  isolated  groups  of  bast-fibres,  the  individual  fibres  being  often  broad 
and  flattened  like  a  strap.  The  secondary  bast  contains  bast-fibres,  which 
vary  in  abundance  and  arrangement ;  in  some  cases  {Morus  alba,  Streblus 
asper,  according  to  Engler)  the  seomdary  bast-fibres,  which  are  always 
distinguished  by  their  considerable  length,  give  rise  to  stratification  of  the 
bast.  Some  of  the  medullary  rays  of  the  bast  are  broad ;  the  sieve-tubes 
have  simple  sieve-plates  with  coarse  meshes. 

4.  Urticeae. 

The  Urticeae  are  characterized  by  the  absence  of  laticiferous  tubes  and 
the  frequent  occurrence  of  independent  cj^toliths.  Only  one  genus  {Neraudia) 
is  stated  bjr  Gaudichaud  to  exude  a  milky  juice,  but  this  genus  has  not  yet 
been  investigated  anatomically '.  The  Urticeae  have  the  following  features 
in  common  with  the  rest  of  the  Urticaceae  :  the  lack  of  a  uniform  type  of  stoma ; 
the  ususdly  superficial  development  of  the  cork ;  the  simple  perforations  of 
the  vessels ;  the  simple  pitting  of  the  wood-prosenchyma ;  the  long  bast-fibres  ; 
and  the  excretion  of  oxalate  of  Ume  in  the  form  of  clustered  and  soUtary  crys- 
tals'.  The  hairy  covering  consists  of  simple  unicellular  clothing  hairs,  and 
small  glandular  hairs.  As  special  forms  of  the  clothing  hairs  we  may  mention 
the  bracket-hairs  (Boekmeria,  according  to  Demeter,  Forskohlea,  according  to 
Weddell),  and  the  stinging  hairs  occmring  in  some  genera,  whilst  the  pearl- 
glands  found  in  certain  species  of  Urtica  constitute  a  special  form  of  glandular 
hair.  The  internal  secretory  elements '  known  to  occur  are  lysigenous  mucilage- 
canals  in  the  pith  and  cortex  of  Boehmeria  platyphyUa,  Don  et  Ham.  and 
Pipturus  argenUus,  Hort.  (Moller,  Engler). 

The  leaf-structure  has  hitherto  been  Uttle  investigated.  The  stomata, 
which  frequently  occur  on  both  sides  of  the  leaf,  have  no  special  subsidiary 
cells  in  Urtica  and  some  species  of  Pilea,  while  in  other  species  of  Pilea,  ana 
in  the  species  of  Boehmeria,  Elatostema  and  Pellionia  examined  by  Benecke 
there  are  three  subsidiary  cells.    TTie  thick  fleshy  leaves  of  Pilea  serpyllifolia. 


^  ChaaTeaitd*s  sUtement  (loc  dt,  p.  119)  regardise  the  occnrrenoe  of  Uticiferons  tabes  in  the 
mature  plant  in  Urtica  dmca  is  incorrect,  and  is  probably  based  on  a  remark  made  by  Trenb  (Arch. 
nteL,  1879),  ^^o  iDcntions  'latidf^ies'  in  Urtiea.  According  to  Grayis  (loc  dt,  p.  19)  the 
elements  referred  to  are  merely  bast-fibres  having  rather  wide  Inmma  in  which  contents  are  present. 

*  Schaarschmidt  describes  the  occurrence  of  sphaerocrystals  of  a  substance  allied  to  hespcddin 
in  alcohol  material  of  Urtica  major ;  according  to  Kallen  nndear  crystalloids  occur  in  the  bristle- 
hairs  of  Urtica  dioica, 

*  The  tannin-cells  described  by  Zopf  (Bibl.  bot.,  Heft  a,  1886,  p.  33  and  Tab.  iii)  in  the  stem  of 
Pariitaria  diffusa  are  not  distinct  idioblasts. 
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Wedd.  have  stomata  only  on  the  upper  side,  where  they  occur  in  large  numbers ; 
on  the  lower  side  the  marein  of  the  leaf  bears  hydathodes  consisting  of  a  group 
of  water-pores  with  a  subjacent  epithema  provided  with  the  termination  of 
a  vein.  Hydathodes  having  the  same  type  of  structure  are  also  found  scattered 
on  the  lower  side  of  the  leaf  in  Pilea  eUgans,  and  are  similarly  distributed  on 
the  upper  side  of  the  leaf  in  Urtica  urens  and  U.  macrophyllay  Thunb. ;  on  older 
leaves  of  the  last  species  the  hydathodes  are  covered  by  small  iridescent  scales, 
composed  of  an  organic  substance,  sihca,  and  carbonate  of  lime.  The  lower 
epidermis  of  the  leaf  in  PiUa  serpyllifolia  consists  of  water-storing  cells  of 
great  height  and  with  wide  lumina.  Hypoderm  is  stated  by  Pfitzer  to  occur 
in  *  Urtica  crassifolia.' 

The  cystoliths  of  the  Urticeae  have  been  examined  by  Weddell.  They  are 
independent,  i.e.  they  do  not  occur  in  connexion  with  the  trichomes.  As  a  rule 
they  belong  to  the  integumentary  tissue,  but  they  also  occur  in  the  pith,  bast 
ana  primary  cortex  of  the  branch.  They  are  usually  spherical,  eUipsoidal  or 
fusiform  (Fig.  183,  A) ;  other  forms  of  rare  occurrence  are  stellately  branched 
{Pilea  stelliuigera,  Wedd.).  In  those  species  which  have  fusiform  cystoUths, 
others  of  irregular  form  are  sometimes  present  in  smaller  numbers  (e.g.  bent 


Pia  185.  A,  Upper  epidermis  of  the  leaf  of  POm  terpyUifblia,  Wedd.  with  a  cyAoltth.  B-D,  Stinging  hair  of 
Urtica  diciem,  L. :  B,  upper  portion  of  the  same ;  the  shaded  part  of  the  wall  it  calcified,  the  ondiaded  part  dli- 
cified ;  c.  Tip  of  the  stinging  hair  before,  and  D  after  the  head  has  been  broken  off.— A  Original,  B  after  Kohl,  C-D 

like  a  horseshoe,  &c.).  The  stalk  of  the  cystolith  is  only  slightly  developed, 
or  appears  to  be  absent ;  in  many  cases  it  probably  becomes  resorbed.  In 
the  fusiform  cystoliths,  which  lie  parallel  to  the  surface  of  the  organ,  the 
stalk  is  attached  to  the  middle  of  the  cystolith.  The  latter  sometimes  shows 
concentric  stratification  and  striation,  and  generally  has  a  siliceous  skeleton. 
In  certain  species  of  Pilea  the  body  of  the  cystohth  has  been  shown  to  be 
enveloped  in  a  siliceous  shell  (Miliankis),  but  tins  feature  is  not  of  systematic 
value. 

In  the  dried  leaf  the  cystoliths  are  generally  visible,  according  to  their 
different  shapes,  either  as  dots  (cystolithi  punctiformes)  or  as  elongated, 
tubular  or  linear  markings  (cystolithi  oblongi,  fusiformes,  lineares),  or  rarely 
(viz.  in  PUea  stelluligera  mentioned  above)  as  star-shaped  bodies  (cystolithi 
stellati).  These  and  other  features,  which  are  likewise  visible  with  a  lens 
(e.g.  the  occurrence  of  the  cystoliths  on  both  sides,  or  only  on  one  side  of  the 
leaf,  the  position  of  the  cystohths  with  reference  to  the  veins,  &c.),  were  employed 
for  systematic  purposes  by  Weddell  in  his  monograph  of  the  Urticeae  ;  in  the 
first  place  he  showed  that  independent  cystoliths  occur  in  almost  all  the  genera 
included  in  his  enumeration  in  De  C^doUe's  Prodromus  (excepting  only  Laurea, 
Villebruneay  Debregeasia^  Rousselia,  Farskohlea  and  Didymodoxa ;    of  these 
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Laurea  is  stated  to  possess  no  cystoliths»  whilst  the  remaining  genera  have  not 
yet  been  examined  microscopically).  The  various  forms  of  cystoliths  are 
distributed  in  such  a  way  amongst  the  different  genera  of  Urticeae  that  the 
members  of  the  sub-tribes  Urereae,  Boehmerieae,  Parietarieae  and  Forskohleae 
have  chiefly  cystoUthi  punctiformes,  while  those  of  the  sub-tribe  Procrideae 
have  for  the  most  part  cystoUthi  lineares. 

Cystolithi  punctiformes  only  are  present  in  the  following  genera  (arranged  in  the 
same  order  as  in  WeddeU's  work  in  DC.  Prodr.) :  Obetia,  Laportea  (cystoliths  small), 
Scepocarpus  (cyst,  very  small),  Girardinia,  Boehfneria\  thafnabainia,  Potixolxiaf 
Memorialise  Cypholophus,  Touchardia,  SarcoMamys,  Neraudia,  Pipturus,  Leucosyke, 
MaouHa^  Phenax,  Parietaria,  Gesnouinia^  Hemistylis,  Dro^ueHa  and  Disteman. 
Cystolithi  oblongi,  lineares,  fusiformes,  &c.,  are  found  exclusively  in  the  genera 
Nanocnide,  Fleurya,  Achudemia,  LecanthuSy  Pellionia,  Elaiostema,  Procris  (cyst,  very 
small),  Helxine  and  Myriocarpa  ;  in  Myriocarpa  the  linear  C3rstoliths  radiate  from 
the  bases  of  the  hairs  and  thus  produce  a  characteristic  marking  on  the  upper  side 
of  the  leaf.  Finally  cystoliths  of  both  forms  are  found  within  the  limits  of  the 
following  genera:  tlrtica,  Hesperocnide,  Urera,  Gyrotaeniaf  Pilea  (cyst,  sometimes 
also  star-shaped  in  this  genus),  Poikilospermum  and  Australina. 

Regarding  the  hairy  covering,  the  following  statements  may  be  added. 
The  glandular  hairs  of  Boehmeria  and  Urtica  possess  a  unicellular  stalk,  and 
a  head  composed  of  a  few  cells.  The  pearl-glands  found  in  Urtica  macrophylla, 
U.  macrostachya  and  U.  penduliflora  have  a  much  more  compUcated  structure, 
according  to  Meyen  and  Penzig.  They  are  spherical  emergences  made  up  of 
an  epidermis  composed  of  smaU  tabular  cells  with  no  stomaU,  and  of  a  central 
mass  consisting  of  a  few  large  polygonal  cells  containing  abundant  protoplasm 
and  no  chlorophyll,  but  remarkably  large  quantities  of  a  fatty  body ;  the 
epidermal  cells  may  sometimes  ^ow  out  locally  into  hairs.  Stinging  hairs  are 
described  by  Weddell  as  occurrmg  in  Urtica,  nespcrocnide,  Fleurya,  Laportea, 
Urera,  Scefocarpus  and  Girardinia.  Those  of  Urtica  and  Laportea  have  been 
examined  m  detail  by  Haberlandt.  Their  structure,  which  is  well  known,  is  as 
follows  :  they  are  rather  long,  conical  unicellular  hairs,  the  apex  bearing  a  small 
spherical  or  ovoid  head,  whidb  is  obUquely  inserted,  and  reaoily  breaks  off,  thus 
leading  to  the  emission  of  the  contents  of  the  stinging  hair.  The  hair  is  fre- 
quently seated  on  a  multicellular  pedestal,  which  surrounds  its  base  like  a  cup,  and 
is  partly  formed  by  the  periblem.  The  nature  of  the  wall  of  the  stinging  hairs 
is  peculiar.  The  head  and  the  neighbouring  portions  of  the  wall  of  the  hair 
are  silicified  ;  in  the  latter  (Fig.  183,  B)  the  amount  of  siUcification  gradually 
decreases  downwards,  i.e.  towards  the  base  of  the  hair,  this  decrease  in  silici- 
fication  being  first  shown  by  the  innermost  portions  of  the  wall  (i.e.  those 
nearest  the  lumen  of  the  hair) ;  simultaneously  with  the  decrease  in  silicifica- 
tion  calcification  begins,  and  ultimately  near  the  base  of  the  hair  siUcification 
is  entirely  replaced  by  the  calcification.  Regarding  the  unequal  thickening 
of  the  wail  of  the  head,  and  the  characteristic  line  of  fracture  thus  produced, 
&c.,  see  Haberlandt  and  Fig.  183,  C-D.  Since  the  work  of  Gorup-Bessanez 
the  irritant  causing  the  stin^ng  sensation  has  usuaUy  been  stated  to  be  formic 
add ;  this,  however,  is  incorrect,  and  it  is  probably  a  substance  related  to  the 
ferments. 


*  This  opportnmtj  may  be  taken  of  correcting  an  incorrect  statement  which  has  passed  from  one 
book  to  anotner.  I  rder  to  the  fosiform  cystolitM  of  a  plant  described  as  Urtica  macrophytta^  which 
De  Barr  figures  in  his  <  Veigleichende  Anatomic/  p.  us,  Fig.  45 ;  these  cystoliths  are  repiodaced 
bj  Engler  in  his  revision  of  the  Urticaoeae  (in  the  '  Natiirl  Pflanienfam.*)  under  the  synonymous 
name  Boehmeria  ptatyphylla^  Don,  and  are  also  mentioned  in  Kohl's  work  (loc.  cit.,  p.  127).  The 
fusiform  cystoliths  in  question  do  not  belong  to  Boehmeria  platyphylUiy  which  like  other  species  of 
Boehmeria  has  <  cystoUthi  punctiformes  *  only ;  the  material  inyestigated  by  De  Bary  was  incorrectly 
determined. 
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The  petiole  contains  isolated  vascular  bundles  in  the  species  investigated 
belonging  to  the  genera  Urtica^  Parietaria  and  Boehmeria  (Petit). 

The  structure  of  the  wood  and  cortex  have  hitherto  been  little  investigated. 
In  the  woody  species  the  medullary  raj^  of  the  wood  are  broad  {Urera  sinuata^ 
Wedd.,  Laportea  canadensis^  Gaud.),  or  narrow  {Gesnouinia  arbarea^  Gaud., 
according  to  Engler).  The  herbaceous  species  usually  have  broad  medullary 
ra3rs,  but  in  other  cases  ( Urtica  dioica)  medullary  ra}^  are  not  present.  Demeter 
and  Herbst  state  that  in  species  of  Boehtneria  the  medullary  raj^  are  of  excep- 
tional height. 

The  vessels  in  Urera  and  Laportea  are  mostly  isolated,  and  have  rather 
wide  lumina  (diameter  reaching  -oS  nun.).  In  contact  with  other  vessels  they 
bear  relatively  large  bordered  pits  (diameter  of  border  =  -004—007  mm.),  while 
in  contact  with  parenchyma  transitions  to  simple  pits  are  present.  Tlie  per- 
forations of  the  vessels  are  simple  (even  in  Boehmeria  and  Urtica)^  and  the 
wood-prosenchyma  bears  simple  pits.  The  xylem  of  Urtica  dioica  includes 
groups  of  unlignified  parenchyma. 

The  cork  originates  in  the  subepidermal  layer  of  cells  in  Pouzolzia  and 
Boehmeria  (Moller),  but  at  a  considerable  depth  in  the  primary  cortex  in 
Urtica  dioica  (Gravis).  The  pericycle  contains  isolated  groups  of  bast-fibres 
in  Pouzolzia^  Boehmeria  and  Urtica,  The  bast-fibres  in  Urtica  attain  a  length 
of  77  nun. ;  their  walls  are  silicified  (Wicke). 


Literature :  Meyen,  Sekretionsorg.,  Berlin,  1837,  p.  46,  and  Bildungigesch.  etc.,  Muller,  Arch.  d. 
Pharm.  1839,  P*  ^55  ^^  ^* — ^Payen,  D^Tel.  des  veget.,  M^m.  pr^s.  par  div.  sav.  i  I'Acad.  toy,  des 
sc.  de  rinst.  de  France,  t.  iz,  18^16,  p.  79  et  seq. — WeddeU,  Cyitolitnes  etc.  des  U.,  Ann.  sc.  nat., 
s^r.  4,  t.  ii,  1854,  pp.  367-73  and  pi.  18.— Sdiacht,  Traabenkorp.  im  BL  v.  U.  etc.,  Abh.  Senckenbeig. 
Gesellsch.,  Bd.  i,  1854-5,  pp.  133-53  and  Tab.  tIL— Weddell,  Monogr.  des  U.,  Arch.  Mns.  d'hist. 
nat.,  t.  ix,  1856-7,  pp.  lo-ii  ct  seq.  (also  hi  DC.  Prodr.  xvi,  i,  1869).— Wicke,  m  Bot.  Zeit.  i86i, 
p.  97  et  seq.— Hanstein,  Milchsaftge£,  Berlin,  1864,  p.  75  et  seq. — ^Dippel,  Milchsaftgef.,  Rotterdam, 
1865. — Caniel,Sac  laitenx  da  fignier,  Bnll.  Soc  bot.  France  1865,  p.  373.— Strasbnrger,  hi  Pringsheim 
Jahrb.,  Bd.  v,  1866-7,  P*  330  and  Tab.  zli. — Gris,  Moelle,  Nonv.  Ardi.  Mas.  dliist.  nat.,  t.  yi,  1870, 
pp.  364-5  and  pi.  16. — Ranter,  Trichomgeb.,  Doikschr.  Wiener  Akad.  1873,  pp.  34-30  and  Tab. 
vii-ix. — David,  Milchz.,  Breslaa,  1873,  p.  38  et  seq. — Martinet,  Oi^.  de  s^cr^t.,  Ann.  sc.  nat.,  s^.  5, 
t.  xiv,  1873,  p.  178  et  seq.  and  pi.  17.— Boerlage,  Bydrage  tot  de  Iannis  der  Houtanatomie,  Leiden, 
1875. — Delbrouck,  Pflanzenstach.,  Hanstein,  Bot.  Abh.,  Bd.  ii,  187R,  pp.  44-5. — Moller,  Holxanat, 
Denkschr.  Wiener  Akad.  1876,  pp.  35-33  and  331.— Rehike,  Sekretionsorg.,  Pringsheim  Jahrb., 
Bd.  X,  1876,  pp.  157-^8.— De  Baiy,  Vergl.  Anat.  1877.— K.  Richter,  Cyst.,  Sitz.-Bcr.  Wiener  Akad. 
1877,  sep.  copy,  34  pp.  and  3  Tab. — Schmalhansen,  Milchsaftbeh.,  M(hn.  Acad,  des  sc.  de  St.  Peters- 
bonrg,  s^r.  7,  t.  xxiv,  n.  3,  1877,  pp.  18-30. — C.  de  Candolle,  Anat.  comp.  des  feoilles,  M6n.  Soc. 
phys.  et  hist.  nat.  de  Geneve,  t.  xxvi,  3, 1879,  p.  443  and  447. — [Fongahrson,  Rech.  anat.  s.  le  groape 
des  U.,  Th^,  Toulouse,  1879.]— Hesselbarth,  Vciigl.  Anat  d.  Holzes,  Diss.,  Berlin,  1879,  pp.  35- 
56. — ^Treub,  in  Arch,  norland.,  t  xv,  1880.— Demeter,  RosanofiTsche  Kr.  bei  U.,  Magyar  Novenyt. 
Lapok  V,  1881,  p.  32,  Hungarian;  abstr.  in  Just  1881,  i,  p.  436  et  seq.  and  Bot  Centralbl.  1881,  u^ 
p.  341. — Demeter,  Hist  d.  U.,  Klausenbnrg,  1881,  43  pp.  and  3  Tao.,  Hungarian;  abstr.  in  Just 
1881,  i,  pp.  436-9  and  in  Bot.  Centralbl.  1881,  iii,  p.  338. — Molisch,  Kohlens.  Kalk  im  Staaune  etc., 
Sitz.-Ber.  Wiener  Akadn  Bd.  Ixxxiv,  Abt  i,  1881,  p.  7  et  seq.  and  Tab. i— Schaarschmidt, Spharokr., 
Magjrar  Novenyt  Lapok  1881,  pp.  134-8,  abstr.  in  Bot  Centralbl.  1883,  i,  p.  47.— Bokomy,  Darchs. 
P.,  Flora  1883,  p.  356  et  seq.  and  sep.  copy,  p.  13  et  seq.— Kallcn,  Protoplaama  in  Gew.  v.  Urtica 
etc..  Flora  1883,  pp.  65, 81  and  97  etsca.,  Tab.  iii.— Moller,  Rindenanat,  1883,  pp.  69-^5. — Miliarikis, 
Verkiesel.  leb.  Elementarorg.,  Diss.,  wiirzburg,  1884,  p.  38.— Cfaareyre,  Cystolithes,  Revue  sc  nat, 
Montpellier,  s^r.  3,  t  iii,  1884,  pp.  533-603 ;  abstr.  ia  Ball.  Soc.  bot.  1894,  p.  (94).— Gravis,  Urticm 
dioica^  M6n.  cour.  des  sav.  Strang,  pnbl.  par  I'Acad.  roy.  de  Belgique,  t.  xlvii,  1884,  356  pp.  and 
33  pi. — Mentovich,  Mark,  Klausenboig,  1885,  Hungarian ;  abstr.  in  Just  1885,  i,  p.  789. — IHiotta  e 
Marcatili,  Vasi  latic.  ed  11  sist.  jusim.,  Ann.  1st  bot.  di  Roma,  vol.  ii,  1885,  2  pp. ;  abstr.  in  Just 
1885,  ^>  P*  793  and  Bot  Centralbl.  1886,  ii,  p.  313.— Solereder,  HoUstr.,  1885,  pp.  341-3.— 
Haberlandt,  ^Mt.  a.  Phys.  d.  pfl.  Brennh.,  Sitz.-Ber.  Wiener  Akad.,  Bd.  xdii,  Abt.  i,  1886,  p.  133 
«t  seq.— Lohrer,  Wurzel,  Wigand,  Bot  H«fte,  ii,  1887,  p.  33  et  seq.— Petit,  Petiole,  M^m.  Soc.  sc. 
phys.  et  nat.  de  Bordeaux,  s^.  3,  t  iii,  1887,  pp.  337-33  and  pi.  ii. — Volkens,  Aegypt.-arab.  Wiiste, 
1887,  p.  144.— Schimper,  Pfl.  u.  Ameisen,  Jena,  1888,  p.  40  et  seq.  and  Tab.  it— [Briosi  e  Tognini, 
Anat.  comp.  della  Cannab.,  Atti  1st  bot  university  di  Pavia,  s^r.  3,  vol.  ii,  1889.] — Dchmel, 
Milchsaftbeh.,  Diss.,  Erlangen,  1889,  p.  39. — Douliot,  in  Ann.  sc  nat,  s^.  7,  t.  x,  1880,  pp.  330-30. 
— Groom,  Latic.  tubes,  Ann.  of  bot.,  vol.  iii,  1889,  pp.  163-4. — Marcatili,  Fasd  midoll.  fogL  dei 
Ficus,  Malpighia,  iii,  1889,  pp.  1 39-33.— Kohl,  ludks.  etc.,  1889,  pp.  113,  116,  133,  136,  33a  etc. 
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ftnd  Tab.  iv  and  Tiii. — Scott,  Latic.  tisane  in  the  leaf,  Ann.  of  bot,  vol.  iii,  1889,  pp.  446-7. — 
Gieaenhagen,  Cyst.  ▼.  Ficus  eUuHca^  Flora  18901  Diss.,  Marburg;  see  also  Zimmennann  and 
Giesenhagen,  in  Ber.  dentsch.  bot  Gesellscb.  1891,  p.  17  and  74. — Gibson  and  Warhana,  '"' 


bails  of  Urtica  dioica^  Proceed.  Liverpool  Biol.  Soc.,  vol.  iv,  pp.  91-4  and  pi.  i. — Lalanne,  Femlles 
persist.,  Act  Soc.  Linn,  de  Bordeaux,  s^r.  5,  t.  iv,  1890,  p.  63  and  pi.  iv.— Ross,  Periderma, 
Malpighia  iv,  1890,  pp.  54-5.— J.  £.  Weiss,  Korkbild.,  Denkschr.  Regensburg.  bot  Gesellscb.  1890, 
sep.  copy,  pp.  54-5. — Chanveand,  Appareil  laticifere,  Ann.  sc  nat.,  Sir.  7,  t  ziv,  1891,  especially 
pp.  1 1 3-19  and  pi.  7-^. — StrasbuTg^r,  Leitungsbahnen,  Jena,  1891,  pp.  aoo-7. — Zimmermann, 
PflanzenzeUe,  a.  Heft,  1891,  p.  i38.~B^ecke,  in  Bot.  Zeit.  189a,  p.  545  and  553  et  seq. — Holzner 
and  Lermer,  Hopfen,  Zeitscbr.  ges.  Biauwesen,  Jahrg.  1893-5,  mtb  many  plates. — Honlbert,  Bois 
sec  dans  les  Apetales,  Tb^,  Piuis,  1893,  pp.  103-30. — Penzig,  PerldrQsen  etc.,  Report  of  Conness, 
Genoa,  1893,  p.  337  and  341  et  seq.  and  Tab.  xv. — Priemer,  Anat.  Verb.  d.  Laubbl.  d.  Ubnac. 
(einschl.  Celtid.)  etc.,  Engler,  Bot.  Tabrb.,  Bd.  xvii,  1893,  pp.  419-75  and  Tab.  x-xi ;  see  also  Sitz.- 
Ber.  schles.  bot  Gesellscb.  1893. — H.  Schenck,  Anat  d.  Lianen,  189.?,  pp.  45-7. — Engler,  in  Natiirl. 
Pflanzenfam.,  iii.  Teil,  i.  Halfte,  Abt  i,  (1^4),  pp.  60,  67  and  loo  et  seq.-— Haberlandt,  Trop. 
LaubbL  i  and  ii,  Sitz.-Ber.  Wiener  Akad.,  Bd.  ciii,  Abt  i,  1894,  p.  533  et  seq.  and  Tab.  iii  and 
Bd.  civ,  Abt.  I,  1895,  p.  58  et  seq.  and  Tab.  i-ii.~Herbst,  Markstr.,  Bot  Centralbl.  1894,  >>  P*  ^^ 
et  sea. — Chimani,  Sfilchrohren,  Diss.,  Bern,  1895,  pp.  38-41,  also  in  Bot  Centralbl.  1895,  i. — Kny, 
Lupulindriisen,  Text  z.  bot.  Wandtaf.  xci,  1895,  pp.  5-8. — A.  Richter,  Z.  Anat.  d.  Artocarp.,  Mathe- 
matikai  ^  term^szetudominyi  Ertesito,  Budapest,  1895,  pp.  388-98,  and  Cudrania,  PUcospermum  u. 
CarA'ogyne^  Term^etrajzi  Fiizetdc  1895,  pp.  394-307  and  a  Tab.— spencer  Moore,  Matto  Grosso 
Expedition,  Transact.  Linn.  Soc.,  vol.  iv.  part  3,  1895,  p.  474  and  pi.  39.— Pfitzer  and  Ad.  Meyer, 
Bltiten-  u.  Frucbtst.  von  Artocarpusj  Ber.  deutsch.  bot.  Gesellscb.  1896,  pp.  53-3. — A.  Richter, 
Antiaris  u.  Artocartus^  Math.  u.  naturw.  Ber.  aus  Ungam,  Bd.  xiii,  1896,  pp.  138-143  and  Tab.  iii. 
— Virchow,  Blattzahne,  Archiv  d.  Pharm.  1896,  sep.  copy,  p.  53. — Wittlin,  Kalkoxalattasch.,  Bot 
Centralbl.  1896,  iii,  p.  67.— [Yasada,  Cystoliths,  Bot.  M^zine  Tokyo  1896.]— Kuhla,  Phelloderm, 
Bot  Centralbl.  1807,  iii,  p.  164.— Mobius,  Anat  d.  Ficus-VX,^  Ber.  Senckenberg.  Gesellscb.  1897. 
pp.  117-38  and  lib.  ii-iii.— A.  Richter,  Blattstr.  v.  Cecm^,  Bibl.  bot.,  14.  Heft,  1898.— [BUttner, 
Cortex  Murur^,  Diss.,  Erlangen,  1896,  31  pp. — Briosi  e  Tognini,  Anat.  della  Canopa^  Parte  sec.: 
Org.  veget.,  Atti  dell*  Tst.  bot.  della  Univ.  di  Pavia,  s^r.  3,  vol.  iv,  p.  175  et  seq.,  36  tav.,  see  Bot 
Centralbl.,  Beiblatt,  Bd.  viii,  1898,  p.  37. — Engler,  Moraceae,  in  Engler,  Monogr.  afr.  PfL-Fam.  u. 
•Gatt.,  Leipzig,  1898,  p.  8  and  38  et  seq.] 

Appendix  :  Tribe  VIII,  Thelygoneae. 

It  is  best  to  separate  the  monotypic  genus  Thelygonum  from  the  Urticaceae 
as  a  distinct  Order,  as  was  done  by  Poulsen.  This  genus  is  essentially  distinguished 
from  the  Urticaceae  in  its  anatomy  by  the  presence  of  bundles  of  raphides. 

The  structure  of  the  leaf  is  bifacial.  On  both  sides  of  the  leaf  the  epidermis 
bears  stomata,  but  on  the  upper  side  they  are  only  present  in  small  numbers.  The 
stomata  are  accompanied  on  either  side  by  one  or  more  subsidiary  cells,  placed 
parallel  to  the  pore.  The  upper  emdermis  of  the  leaf  contains  chlorophyll  and 
tannin,  and  is  composed  of  cells,  which  are  not  so  strongly  undulated  as  those  of 
the  lower  epidermis.  At  the  upper  end  of  the  petiole  tne  fibrovascular  system 
consists  of  isolated  vascular  bundles  (Petit). 

Poulsen  makes  the  following  statements  regarding  the  structure  of  the  stem. 
The  epidermis  consists  of  small  cells  and  bears  unicellular  hairs.  The  cortex  con- 
tains no  collenchyma,  and  is  separated  by  a  distinct  endodermis  from  the  pericycle 
and  the  vascular  ring. 

In  addition  to  the  unicellular  trichomes  just  mentioned,  coUeters  with  a  secretory 
palisade-Hke  epidermis  are  met  with  on  the  young  or  ans  of  Thelygonum  (BaUcka- 
Iwanowska). 

Literature :  Petit,  Petiole,  Act.  Soc.  Linn,  de  Bordeaux,  t.  43,  1880,  p.  16.— Poulsen,  in  Natiirl. 
Pflanzenfam.,  iii.  Teil,  Abt.  i  a,  1893,  p.  133.— Balicka-Iwanowska,  Thelygonum  Cynoarambe^  Flora 
«897.  PP-  365-6. 

PLATANACEAE. 

A  whole  series  of  anatomical  featnres  characterize  this  Order,  which  con- 
sists of  the  single  genus  Plaianus,  Of  these  we  may  mentitm  :  the  simultaneoos 
occurrence  of  simple  and  scalariform  perforations,  the  latter  with  1-12  bars ; 
the  broad  primary  medullary  rays  in  the  xylem  and  bast  of  the  vascular  ring ; 
the  bordered  pitting  of  the  wood-prosenchyma ;   the  occurrence  of  sclerotic 
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parenchyma  in  place  of  secondary  hard  bast ;  the  subepidermal  origin  of 
the  cork ;  the  absence  of  a  special  type  of  stoma ;  and  the  characteristic 
hairy  covering,  composed  of  candelabra-hairs,  and  accompanied  by  glandular 
hairs  with  unicellular  glandular  heads.  Oxalate  of  lime  occurs  in  the  form 
of  clustered  and  solitary  crystals.    Internal  glands  are  absent. 

The  following  statements  may  be  made  regarding  the  anatomy  of  the  leaf. 
In  the  investigated  species  (e.g.  P.  occidentalism  L.,  P.  mexicana^  Moric,  &c.) 
the  leaves  have  centric  structure.  On  both  sides  there  is  a  single  layer  of  pali- 
sade-tissue, the  cells  of  which  are  considerably  less  elongated  on  the  lower 
than  on  the  upper  side  of  the  leaf.  The  vascular  bundles  of  the  larger  veins 
are  provided  with  a  ring  of  sclerenchyma  in  P.  ocddefUalis,  L. ;  the  smaller 
veins  are  vertically  transcurrent  on  both  sides  by  means  of  lignified  tissue, 
having  rather  wide  lumina,  and  extending  as  far  as  the  epidermis.  The  guard- 
cells  of  the  stomata  lie  on  a  somewhat  higher  level  than  the  adjacent  cells, 
the  stoma  being  surrounded  by  a  rather  large  number  of  these  cells  showing 
no  special  arrangement.  In  P.  occidentalis  stomata  are  also  found  in  small 
numbers  on  the  upper  side  of  the  leaf.    A  number  of  water-pores  have  been 

observed  on  the  tips  of  the  leaf -teeth 
in  P.  occidentalis.  Oxalate  of  lime  is 
excreted  in  the  veins  of  the  leaf,  chiefly 
in  the  form  of  clustered  crystals.  The 
dense  woolly  covering  of  hairs,  which 
is  found  on  the  young  organs,  but 
subsequently  falls  off  (persistent  on  the 
lower  side  of  the  leaf  in  the  South 
American  species),  is  of  a  veiy  pecuhar 
type.  It  consists  of  candelabra-hairs, 
in  which  the  main  axis  is  formed  by 
a  row  of  cells,  short  at  the  base,  but 
longer  in  the  upper  part  of  the  tri- 
chome;  at  the  pK)ints  at  which  the 
transverse  walls  of  this  main  axis  are 
situated,  whorls  of  3-5  uniccQlular  rays 
are  inserted.  The  form  of  hair  just 
described  is  the  normal  t3T)e,  but 
numerous  modifications  occur ;  reduc- 
tion in  the  branching  is  very  common,  especially  in  the  hairs  on  the  sepals  and 
on  the  ovary,  where  one  sometimes  finds  a  certain  number  of  simple  uniseriate 
trichomes,  composed  of  long  cells  and  only  provided  with  an  occasional  lateral 
branch.  The  pecuhar  hairy  covering  is  also  noteworthy  from  a  hygienic 
standpoint,  since,  owing  to  the  large  numbers  of  these  hau^  falling  off  at  the 
same  time,  they  have  an  annoying  inflammatory  effect  on  the  mucous  mem- 
branes (for  details  see  Morren  and  Drude).  Besides  these  clothing  hairs 
glandular  hairs  are  also  present.  According  to  my  investigations  the  glandular 
hairs  situated  on  the  siurf  ace  of  the  leaf  in  P.  orienialis^  L.  and  P.  ocddenkdis^  L. 
consist  of  a  short  stalk-cell  seated  on  the  epidermis,  and  a  spherical  terminal 
cell.  Niedenzu  figures  similar  capitate  glands  with  a  rather  long,  uniseriate 
stalk  in  P.  occidentalis  var.  hispanica,  Wesmael.  According  to  Hanstein 
the  glandular  hairs  are  sometimes  (P.  acerifolia)  combined  with  the  clothing 
hairs,  some  of  the  branches  of  the  latter  bearing  glandular  heads. 

The  structure  of  the  petiole  has  been  examined  in  detail  by  Petit  in  Plala- 
nus  occidentalis.  Hie  course  of  the  petiolar  vascular  system  is  very  com- 
plicated ;  this  is  chiefly  due  to  the  well-known  fact  that  the  basal  portion  of 
the  petiole  has  an  internal  conical  cavity,  and  encloses  the  axillary  bud.  For 
details  the  reader  is  referred  to  the  statements  of  Petit  and  Niedenzu,  but  the 
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following  points  mav  be  mentioned  here.  A  transverse  section  through  the 
base  of  the  petiole  shows  the  central  wide  cavity  (enclosing  the  axillary  bud), 
while  the  wsdl  of  the  latter  contains  a  rather  large  number  of  vascular  systems, 
some  of  which  consist  of  rings  of  vascular  bundles.  At  the  apex  of  the  petiole 
the  fibrovascular  system  is  composed  of  three  arc-shaped  or  circular  sj^tems, 
placed  one  above  the  other.  According  to  De  Bary,  only  some  of  the  vascular 
strands  found  in  the  stipules  (viz.  those  in  the  two  larger  veins)  are  branches 
of  the  leaf-trace ;  the  remaining  vascular  bundles  of  the  stipules  pass  inde- 
pendently into  the  ring  of  bundles  in  the  axis. 

To  tiie  statements  made  above  regarding  the  structure  of  the  wood,  we 
may  add  that  the  vessels  have  lumina  of  an  average  size  of  -03—04  nun.,  and 
that  the  wood-parenchyma  is  scantily  developed. 

The  pitii  IS  homogeneous  and  consists  of  active  cells  with  thick  walls 
(Oris '). 

We  may  now  deal  with  the  structure  of  the  cortex.  The  pericycle  con- 
tains massive  groups  of  primary  bast-fibres,  united  by  stone-cells  (having 
rather  wide  lumina)  to  form  a  composite  and  continuous  ring  of  sclerenchyma^ 
which  is  developed  even  in  branches  from  herbarium-matenal  (P.  occidenkUis 
and  P.  orienialis) ;  the  primary  medullary  rays  of  the  cortex,  which  separate 
the  groups  of  soft  bast  belonging  to  the  individual  vascular  bun^es  from  one 
another,  also  become  sclerosed,  even  in  thin  branches  ;  in  the  latter  sclerosis  is 
also  to  be  seen  in  the  primary  cortical  parenchyma.  Subsequently  sclerosis 
b^omes  still  more  general  in  the  tissues  of  the  cortex,  and  especially  in  those 
of  the  bast.  The  secondary  cortex  then  exhibits  stratification,  broad  layers 
of  sclerotic  parenchyma  alternating  with  narrow  bands  of  thick-walled,  but 
unlignified  parenchymatous  cells,  and  narrow  strands  of  sieve  tubes  (MoUer). 
The  sclerotic  medullary  rays  of  the  cortex  also  penetrate  in  a  characteristic 
manner  into  the  medullary  rays  of  the  wood  as  short  vertical  ridges.  The 
stone-cells  never  have  greatly  thickened  walls  or  narrow  lumina,  but  are 
distinguished  by  the  relatively  slight  thickening  of  their  walls.  The  cork  has 
been  shown  to  originate  in  the  outermost  cell-layer  of  the  cortex  in  P.  orienialis 
and  P.  occidentcdis ;  its  cells  have  thick  walls  and  rather  wide  lumina.  As  is 
well  known  the  formation  of  scale-bark  subsequently  takes  place.  The  layer 
of  cork  cutting  off  a  scale  of  bark  is  only  a  few  layers  of  ceUs  in  thickness ; 
its  outer  portion  consists  of  thin-walled  cells,  its  inner  portion  of  cells  with 
thick  yellow  waUs  ;  by  the  tearing  of  the  thin-walled  ceUs,  the  exfoliation  of 
the  scale  of  bark  is  brought  about,  while  the  thick-walled  layer  remains  as 
a  smooth  covering  for  the  living  cortical  tissue,  until  the  next  exfoliation  takes 
place.  Oxalate  of  lime  is  found  in  the  cortex,  chiefly  in  the  form  of  solitary 
crystals. 


litenttnre:  Moiren,  Duvet  da  PlaUne,  Bull.  Acad.  roy.  de  Braxelles,  t.  iv,  1837,  ^  PP-  <^<^ 
"         *     ""  -  -  -  .     -  2eit  1 868,  pp.  749-51  *nd  Tab.  zii.— Gri 

_  . ,  .     ,      '\¥'  *^7  •"^  P^'  *^' — MoUcr,  Holtanat.,  I 

Akad.  1876,  p.  33  and  329.— De  Bary,  Vergl.  Anat.,  1877.— Hesselbarth,  Vergl.  Anat.  d.  HoUet, 


Tab.— Hanstein,  Harz-  a.  Schleimabs.,  Bot.  Zeit  1868,  pp.  749-51  tnd  Tab.  idi.— Sris,  Moelle, 
^ *     "  "        '    '     T. — Mol" 


Nonr.  Arch.  Mns.  d'hist.  oat,  ^^y^i^T^tP*  ^^7  ^<^  P^*  x^- — MoUer,  Holtanat.,  Denkschr.  Wiener 

Akad. 

Diis., 

£.14 

Drod  , 

1890-i,  p.  loa.— Niedenzn,  in  NatOrl.  Pflanzenfam.riii"  T^l,  Abt.  3  a,  1801,  pp.  i39-^^Houlbert, 


Boif  lec  dans  let  Apples,  Th^,  Paris,  1893,  pp.  154-6.— Virchow,  BUttzaline,  Arch.  d.  Pharm. 
1896,  p.  63.— Knhla,  Phelloderm,  Bot.  Centralbl.  1897,  iii,  p.  165. 


^  I  did  not  find  the  concentric  bandies,  stated  by  Niedenza  to  occur  at  the  periphery  of  the 

Eith  in  P.  oceidtHiaHs  and  P,  oruntalis.    Possibly  the  structures  interpreted  as  conoentnc  medullary 
undies  by  Niedeozu  may  be  the  protozylera-groups  of  the  Tascular  bundles  together  with  the  groups 
of  sderenchjrma  situated  opposite  them  on  the  inner  side. 


Digitized  by 


Google 


782 

LEITNERIEAE. 

This  Order  consists  of  the  single  genus  Leitneria,  which  in  its  anatomical 
features  recalls  the  Dipterocarpeae  and  to  some  extent  the  Balsamifluae  also ; 
it  has  likewise  been  regarded  as  related  to  these  two  Orders  on  account  of  its 
exomorphic  features.  Leitneria,  like  the  Balsamifluae  and  Dipterocarpeae^ 
has  secretory  canals  situated  just  at  the  margin  of  the  pith  ;  the  structure  of 
the  secondary  cortex  is  the  same  as  in  the  Dipterocarpeae,  viz.  broad  primary 
cortical  medullary  rays,  which  are  enlarged  outwards  in  the  form  of  wedges, 
while  the  intervening  portions  of  bast  become  correspondingly  narrowed  ex- 
ternally, and  exhibit  d&tinct  stratification  into  hard  and  soft  bast.  The  details 
of  the  anatomical  features  of  Leitneria  floridanay  Chapm.  are  as  follows : 

In  the  interior  of  the  branch  there  is  a  pith  composed  of  isodiametric 
polygonal  cells.  At  the  margin  of  the  pith  the  cells  become  smaller,  and  it  is 
in  tins  small-celled  tissue  that  the  balsam*canals  run  ;  they  are  situated  in 
such  close  proximity  to  the  primary  xylem-groups  of  the  vascular  ring  that 
Van  Ti^hem  and  Lecomte,  who  were  the  first  to  observe  them,  originally 
r^arded  them  as  belonging  to  the  primary  wood.  A  transverse  section 
of  the  branch  shows  one  or  two  dozen  of  these  secretory  canals,  each 
lined  bj^  a  single  layer  of  epithelial  cells,  which  project  somewhat  as  papillae. 
TTie  resin  is  yellow  and  brittle ;  it  is  insoluble  in  water,  but  readily  soluble 
in  alcohol.  The  wood  is  distinguished  by  its  exceptional  lightness  and  its 
spongy  character,  thus  recalling  the  well-known  Tupelo-wood ;  Leitneria 
inhabits  the  same  marshy  habitat  as  the  plants  from  which  this  wood  is  derived 
(species  of  Nyssa).  The  medullary  rasrs  of  the  wood  are  narrow,  being  either 
one  or  two  cells  in  breadth  ;  none  of  the  cells  of  the  medullary  raj^  are  elongated 
to  any  considerable  extent  in  the  vertical  direction.  The  vessels  attain  a  dia- 
meter of  'OS— 09  mm.,  and  have  simple  perforations ;  in  contact  with  one 
another  they  bear  bordered  pits,  but  in  contact  with  parenchyma  of  the  medul- 
lary raj^  they  have  large  simple  pits ;  these  together  sometimes  resemble 
scaJariform  perforations.  The  wood-parenchsnna  is  not  abundant,  and  is 
only  present  m  the  neighbourhood  of  the  vessels.  The  vessels  are  accompanied 
by  tracheides  with  spirally  thickened  walls,  whilst  the  ground-mass  of  the  wood 
is  composed  of  wood-fibres  with  wide  lumina  and  simple  pits.  There  are  no 
secretory  canals  in  the  wood.  The  cortex  is  rich  in  tannin,  and,  like  the  wood, 
is  devoid  of  resin-canals.  In  the  secondary  cortex,  as  stated  above,  the  groups 
of  bast  belonging  to  the  vascular  ring  become  narrower  outwards  in  the  form 
of  wedges,  while  the  primary  medullary  rays  between  them  become  correspond- 
ingly broader  outwards.  The  groups  of  phloem  are  stratified  into  hard  and 
soft  bast.  The  hard  bast  in  Leitneria  is  composed  of  bast-fibres  with  very 
wide  lumina,  exceeding  those  of  the  elements  of  the  bast-parenchmya  ;  the 
pericycUc  hard  bast  alone  is  composed  of  cells  with  thicker  walls.  Tlie  outer 
portion  of  the  primary  cortex  is  coUenchjmiatous.  Cortical  vascular  bundles 
are  not  present  (a  point  of  distinction  from  the  Dipterocarpeae).  The  cork 
arises  immediately  beneath  the  epidermis,  and  consists  of  low  cells. 

The  leaf  of  Leitneria  floridana  has  bifacial  structure.  The  stomata  are 
not  depressed.  Beneath  the  upper  epidermis  of  the  leaf  there  is  a  hypoderm  of 
several  layers,  containing  clustered  crj^tals  ;  the  latter,  it  may  be  added,  are 
also  met  with  in  the  pith  and  bast  of  the  branch,  and  in  the  petiole.  Two  lands 
of  trichomes  occur :  viz.  simple  uniseriate  hairs  with  an  often  bulbous  base, 
iwo  of  these  hairs  being  occasionally  sunk  in  the  epidermis  side  by  side  ;  and 
tlub-shaped  glandular  hairs,  in  which  the  biseriate  stalk  is  only  slightly  marked 
off  from  the  multicellular  clavate  head. 

Three  vascular  bundles  pass  out  from  the  branch  into  each  leaf.  They 
soon  unite  to  form  a  ring,  the  secretory  canals  here  also  being  situated  at 
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the  margin  of  the  pith  thus  formed.  In  the  leaf  the  secretory  canals  run  in 
a  similar  position  (on  the  upper  side  of  the  xylem),  and  are  continued  into 
the  finest  veins.    There  are  no  balsam-canals  in  the  root. 

In  concluding  the  description  of  this  Order  we  may  add  the  following  remark. 
The  anomalous  genus  DidymeleSy  which  is  indigenous  in  Madagascar,  and  is  referred 
to  the  Leitnerieae  by  Baillon,  has  no  secretory  canals,  according  to  Lecomte  and 
Van  Tieghem ;  in  the  structure  of  its  leaf  (occurrence  of  sclerenchymatous  fibres 
in  the  parenchyma  of  the  petiole  and  in  the  mesophyll)  Didymeles  may  perhaps  be 
classea  with  the  Temstroemiaceae. 

Literature :  Van  Tiqrhem  et  Lecomte,  Struct  et  aft  da  Leiineria,  BalL  Soc.  bot.  de  France 
1886,  pp.  181-4. — Van  Tieghem,  in  Jouin.  de  bot.  1891,  pp.  387-8.— Heim,  Leitruriay  Assoc. 
fran9.  p.  rayancem.  des  sc.,  MarseiUe,  1891,  pp.  253-4,  ^^^  Rech.  s.  les  Dipt^rocarp.,  These,  1892, 
p.  175  and  pi.  zi. — Trelease,  Leiifuria  flortaana^  Report  Missouri  bot.  Gard.  1894,  a6  pp.  and 
pi.  30-44. — Engler,  in  Natiirl.  Pflanxenfam.,  Nachtr.  n.  Reg.  zn  Tdl  ii-iv,  1897,  p.  1 17. 


JUGLANDEAE. 

This  Order  is  well  characterized  anatomically.  One  of  the  most  distinctive 
features  is  the  occurrence  of  peltate  glands  in  all  the  species ;  the  glands 
vary  in  size.  The  absence  of  resin-canals  distinguishes  this  Order  from 
the  Anacardiaceae,  with  which  an  affinity  has  repeatedly  been  suggested. 
The  following  features  are  noteworthy :  in  the  structure  of  the  leaf,  the 
stomata  are  surrounded  by  several  ordinary  epidermal  cells  exhibiting  no 
special  arrangement ;  in  the  structure  of  the  wood,  the  medullary  rays  are 
not  broad,  the  perforations  of  the  vessels  are  mostly  simple,  and  the  wood- 
parenchyma  is  rather  abundant ;  in  the  structure  of  the  cortex,  the  develop- 
ment of  periderm  takes  place  superficially,  isolated  groups  of  primary  hard 
bast  are  usually  present  in  the  pericycle  (Carya,  Engdhardlia,  Platycarya  and 
Pterocarya\  or  a  composite  sclerenchymatous  ring  occurs  in  the  same  position 
(Juglans)y  and  secondary  hard  bast  is  abundant.  Septation  of  the  pith  (without 
sclerosis),  setting  in  at  an  early  stage,  is  characteristic  of  the  two  very  closely 
allicKl  genera  Juglans  and  Pterocarya,  TTie  hairy  covering,  apart  from  the 
peltate  glands  already  mentioned,  consists  of  simple  imicellular  hairs,  a  number 
of  which  are  occasionally  sunk  side  by  side  in  the  epidermis,  thus  forming 
tufted  hairs.  Oxalate  of  lime  is  found  chiefly  in  the  form  of  clustered  crystals, 
but  ordinary  solitary  crystals  also  occur. 

I  made  a  general  comparative  examination  of  the  structure  of  the  leaf 
and  the  hairy  covering  in  Julians  regia,  L.,  Carya  tomentosa^  Nutt.,  Engelhardiia 
spic(Ua,  BL,  Platycarya  strobilacea,  S.  et  Z.  and  Pterocarya  sorbifolia,  S,  et  Z. 
To  the  statements  made  above  regarding  the  stomata  we  may  add  that 
stomata  of  two  sizes  frequently  occur  on  the  same  leaf-surface,  and  that, 
in  the  species  which  I  examined,  the  stomata  are  restricted  to  the  lower 
side.  In  most  cases  oxalate  of  lime  is  only  present  in  the  leaf  in  the  form 
of  clustered  crystals  ;  the  veins  in  Platycarya  strobilacea  alone  contain  solitary 
oystals  besides  numerous  clustered  crystals.  In  the  mesophyll  of  Platycarya 
strobilacea  large  clustered  crystals  are  present ;  and  according  to  Radlkofer, 
the  same  is  the  case  in  Carya  porcina,  Nutt.,  where  the  crystals  give  rise  to 
transparent  dots.  In  all  the  species  the  peltate  glands  attain  a  moderate 
size ;  the  short,  unicellular  or  uniseriate  stalk  consists  of  cells  with  yellow 
walls  ;  the  shidd  has  an  entire  margin  and  is  composed  of  a  varying  number 
of  ray-cdls,  which  have  thin  walls,  and  become  somewhat  broader  externally, 
in  accordance  with  the  form  of  the  shield.  In  Carya  tometUosa  the  large  peltate 
glands  are  accompanied  by  others  of  smaller  size  but  having  the  same  structure  ; 
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Juglans  regia  and  Pterocarya  sorbifolia,  besides  having  large  glands,  have  others 
wim  a  very  small  shield,  divided  into  four  cells  by  two  vertical  walls  arranged 
as  an  orthogonal  cross  ^  IThe  glandular  hairs  in  EngelharcUia  spicala  are 
accompanied  by  simple  unicellular  hairs,  and  in  Pterocarya  sorbifolia  by  (a) 
simple  straight  unicellular  hairs,  which  have  pointed  apices,  and  a  bulbous 
swollen  base,  and  are  provided  with  subsidiary  cells,  and  (b)  long  narrow, 
somewhat  curly  unicellular  trichomes  with  thick  walls,  a  few  of  these  hairs 
beine  sometimes  sunk  in  the  epidermis  side  by  side ;  finaJly  in  Carya  tomentosa, 
besides  glandular  hairs  there  are  tufted  hairs,  composed  of  a  group  of  stiffs 
unicellular,  sclerenchymatous  trichomes. 

According  to  Petit,  the  basal  portion  of  the  petiole  in  Juglans^  Carya^ 
Pterocarya  and  Platycarya  contains  a  closed  fibrovascular  system,  triangular 
in  outline.  Higher  up  in  the  petiole  vascular  bundles  branch  off  from  this 
system,  and  in  the  characteristic  region  form  a  straight  row  of  inversely  orien- 
tated bundles,  i.e.  with  bast  above  (Juglans)^  or  one  or  more  rings  of  wood 
and  bast,  on  the  upper  side  of  the  anniidar  closed  principal  system.  No  scleren- 
chyma  accompames  the  fibrovascular  system.  According  to  C.  de  Candolle 
the  petiole  of  Engelhardtia  has  a  structure  similar  to  that  of 
Juglans,  &c. 

The  structure  of  the  wood  has  been  examined  by  me  in 
numerous  species  of  the  five  genera  forming  the  Order.  The 
medullary  rays  are  narrow,  from  one  to  three  cells  in  breadth ; 
soUtary  or  clustered  crystals  are  sometimes  {Carya,  Engel- 
hardtia) found  in  the  medullary  rays,  and  are  contained  in 
ellipsoidal  and  swollen,  or  in  transversely  septate  cells.  The 
vessels  as  a  rule  have  simple  perforations.  Scalarif orm  perfora- 
tions with  a  rather  small  number  of  bars  have  only  been 
observed  in  the  primary  wood  in  Carya  aquatica,  Nutt.,  and  in 
relatively  small  numbers  in  the  secondary  wood  in  all  investi- 
gated species  of  Engelhardtia.  In  contact  with  parenchyma 
Pig.  185.  Bnuich  the  vessels  bear  simple  pits,  sometimes  with  transitions  to 
2L2!'crX!*M^.i  bordered  pits.  The  genus  Carya  is  specially  characterized  by 
cat  lo'as  to  show  this  the  thick  walls  of  the  pitted  vessels  (principally  in  the  autumn 
!!g?^J^***'P***-  wood),  and  the  genus  Platycarya  by  the  spiral  thickening  of 
the  walls  of  the  pitted  vessels  and  tracheides.  Wood-paren- 
chyma is  abundant.  The  wood-prosenchyma  bears  simple  pits  in  Carya,  while 
in  the  remaining  genera  the  pits  have  a  distinct  border,  which  is  smaller  than 
the  pore. 

The  structure  of  the  cortex  has  been  examined  by  MoUer  in  Juglans  regia, 
L-»  /•  wgfa,  L.,  Carya  alba,  Nutt.,  C.  amara,  Nutt.,  and  by  me  in  Engelhardtia 
parvifolia,  C.  DC,  Platycarya  strobilacea,  S.  et  Z.  and  Pterocarya  rhoifolia,  S. 
et  Z.  TThe  formation  of  cork  takes  place  in  the  subepidermal  cell-layer  in 
Carya,  Juglans,  Pterocarya  and  Engelhardtia.  The  cells  of  the  cork  either  have 
thin  walls  and  rather  wide  lumina,  or  they  have  thick  walls  and  are  flat.  The 
primary  cortex  is  frequently  collenchymatous,  and  often  (e.g.  Pterocarya 
rhoifolia)  contains  a  very  considerable  number  of  clustered  crystals,  which  are 
visible  even  with  the  naiced  eye,  since  they  give  a  white  colour  to  the  transverse 
section.  In  all  cases  the  pericycle  contains  massive  groups  of  bast-fibres, 
which  in  Juglans  are  united  by  a  small  number  of  stone  cells  so  as  to  form 
a  ring.    The  medullary  rays  of  the  bast  show  considerable  broadening  towards 


^  The  teeth  on  the  margin  of  the  leaf  also  have  a  glanduUr  nature  in  some  cases  (^Juglans 
cinerea  and  Pterocarya).  They  include  the  termination  of  a  vein,  mucilage-containing  cells,  and 
clustered  crystals ;  and  the  apex  of  the  tooth  bears  a  few  stomata  (see  Reinke,  in  Pringsheim*8  Jahrb., 
Bd.  X,  1876,  p.  167). 
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the  exterior  in  Engdharitia  only^  and  in  this  genus  the  appearance  of  the  bast 
in  transverse  section  recalls  that  of  the  lime.  Secondary  hard  bast  is  present 
in  all  cases,  and  sometimes  gives  rise  to  distinct  stratification  of  the  bast*  The 
soft  bast  contains  numerous  clustered  crystals;  more  rarely  {Juglans^  Carya^ 
EngelhardHa)  sohtary  crystals  are  also  present*  the  latter  showing  a  somewhat 
prismatic  elongation  in  the  bast  of  Carya  atnara.  Regarding  ^e  structure  of 
the  pith  it  has  aheady  been  pointed  out  above  that  septation  of  the  pith  without 
sclerosis  occurs  in  Juglans  and  Pterocarya  (Fig.  185)  only.  According  to  Gris, 
the  diaphragms  consist  of  cells  which  are  generally  empty  or  contain  clustered 
crystals,  while  the  peripheral  portion  of  the  pith  is  form^  by  active  cells  with 
thick  walls*    The  non*septate  pith  of  Catya  amatd  is  also  heterogeneous. 

Litcratnxe :  Gris,  MoeUe,  Nonv.  Arch.  Mas.  d*liist  umL,  t  yi,  1870^  PP*^77-S  <uid  pL  xriiL-* 
M511er,  Holcanat,  Denkschr.  Wiener  Akmd.  1876,  pp.  94-6  iad  390.— -C.  de  Caiidolle,  Anat  oomp. 
de  la  femlle^  M6n.  Soc  plm.  et  hist  naUde  Gen^  1879,  P*  477  ^  ^ — ^Mi^r,  Rindenanat,  iSSa, 


pp.  308-12. — Soleieder,  Hblzstr.,  1885,  pp.  243-6. — O.  Bachmann,  Sdiildh.,  Flora  1886.  sep.  copy, 
pp.  i7-i8.^Radlkolier,  in  Sitz.-Ber.  Miinch.  Akad.  18S6,  pp.  338-9.— Petit,  Petiole,  Mem.  Soc  sc. 
uiys.  et  nat»  de  Bordeaux,  s^.  iii,  t.  3,  1887,  pp.  249-50  and  pi.  ii ;  and  Act.  Soc.  Linn,  de 
Boiideanx,  t  43.  1889,  p,  12  and  pi.  ii— J.  £.  Weiss,  Korkbild.,  Denkschr.  Kcgembosv,  hot. 
Oeseilsch.  1890^  p.  54*— Hoolbcrt,  Bois  sec  dans  les  Ap^tales,  Th^  Paris,  1893,  pp*  I5<M»4. — 
Engler,  in  NaturL  Pflanzen&m.,  iii.  Teil,  Abt.  i  (1894),  p.  21.— F.  Schneider,  Esche,  ForstL-natnrw. 
Zeitsdir.  1896,  p.  421  et  seq.— Kuhla,  Phellodenn,  Bot  Centralbl.  1897,  ^^»  P*  i'5- 

MYRICACEAE. 

The  characteristic  anatomical  features  of  this  Order,  which  inchides  the 
single  genus  Myrica^  are  as  follows :  large  peltate  glands ;  vertical  trans- 
currence  of  the  smaller  veins  in  the  leaf ;  absence  of  a  characteristic  stomatal 
apparatus;  narrow  medullary  rays  in  the  wood ;  tendency  to  form  scalariform 
perforations  in  the  vessels,  which  never  have  specially  wide  lumina;  wood- 
prosenchyma  with  bordered  pits ;  tendency  to  form  a  composite  and  con- 
tinuous rinR  of  sderenchyma  m  the  pericycle ' ;  superficial  formation  of  cork. 
Oxalate  of  mne  occurs  in  the  form  of  clustered  and  sohtary  crystals.  Besides 
the  peltate  glands  simple  unicellular  hairs  are  present. 

The  structure  of  the  leaf  in  the  species  of  Myrica  has  hitherto  been  little 
investigated*  In  Myrica  Gale^  L.  I  found  it  to  be  almost  centric,  owing  to  the 
palisade-like  differentiation  of  the  lowest  layer  of  the  spongy  tissue ;  in  M. 
microcarpa,  Benth.  the  leaf-structure  is  bifacial.  The  stomata  are  found  only 
on  the  lower  surface  of  the  leaf,  and  are  surrounded  by  a  number  of  adjacent 
cdls.  In  M.  Gale  the  cells  of  the  lower  epidermis  are  papillose,  especially  the 
cells  adjoining  the  stomata.  The  vascular  systems  in  the  midrib  are  provided 
with  arcs  of  sclerench3mia ;  in  the  smaller  veins  the  vascular  system  is  con- 
nected with  both  the  upper  and  lower  epidermis  by  special  layers  of  elongated 
cells  with  wide  lumina.  In  Myrica  Gale  clustered  crystals  are  found  in  the 
veins  of  the  leaf,  in  M.  microcarpa  clustered  and  sohtary  crystals,  and  also 
ceUs  containing  sohtary  crystals  accompanied  by  small  crystalline  granules. 
The  peltate  glands  consist  of  a  uni-  or  biseriate  stalk  (the  length  of  which  varies 
accordinj^  to  the  degree  of  depression  of  the  gland  in  the  surface  of  the  leaf), 
and  a  shield,  in  which  some  of  the  ray-cells  often  do  not  reach  the  centre ;  the 
secretion  is  deposited  beneath  the  cuticle.  In  M,  Gale  there  are  simple  uni- 
cellular sclerenchymatous  hairs  in  addition  to  the  peltate  glands. 

The  structure  of  the  wood  has  been  examined  m  20  species.  The  maxi- 
mum dUuneter  of  the  vessels  varies  between  -02  and  -05  mm.  In  most  species 
the  vessels  are  isolated,  and  exhibit  radial  arrangement  in  M.  Gale  only.  The 
perforations  of  the  vessels,  as  already  stated,  show  a  tendency  towards  scalari- 

1  Eogler^t  statement,  that  bast-fibres  and  stone-cells  are  absent  in  the  Myricaceae,  is  incorrect, 
and  is  dne  to  insnffident  study  of  MoUer's  work. 
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form  differentiation  in  all  cases.  In  some  species  (M.  Faya,  Ait.,  M.  Gale^  L.» 
Af.  ifUegfifolia,  Roxb.,  M.  javanica,  BL,  M.  mexicana^  Willd.,  M.  rubrOj  S.  et 
Z.)  only  scalariform  perforations  with  1-15  bars  have  been  observed.  All 
the  other  investigated  species  have  simple  (mostly  elliptical,  more  rarely 
circular)  perf cnrations  accompanied  by  others  of  the  scalariform  type ;  in  these 
cases  either  the  simple  type  is  prevalent  (e.g.  in  M.  aethiopica,  L.  and  M.  Bur- 
mcmKii^  E.  Mey.)»  the  scalarirorm  perforations  being  almost  confined  to  the 
neighbourhood  of  the  primary  wood,  or  the  scalariform  type  is  prevalent 
(e.g.  in  M.  aUera^  C.  DC.  and  M.  cordifoUa,  L.).  The  walls  of  the  vessels  are 
provided  with  bordered  mts  in  contact  with  parenchyma.  Wood-parenchyma 
IS  scantily  developed.  The  meduUary  rays  of  the  wood  are  narrow,  at  the 
most  4-seriate ;  the  cells  vary  in  height.  The  wood-prosenchyma  has  dements 
with  lumina  of  varying  size,  and  bears  bordered  pits  on  its  walls. 

In  the  structure  of  the  cortex  we  mav  first  mention  that  the  cork  originates 
immediately  beneatii  the  epidermis  in  M.  Gale  and  M.  sapida^  Wall,  according 
to  my  own  obscarvations,  and  in  M.  caUfornica^  Cham,  et  Schlecht.  according 
to  Mdller.  In  the  three  species  just  mentioned  the  cells  of  the  cork  are  sclerosed 
on  one  side  only,  viz.  on  the  inner  tangential  walls.  In  M.  sapida  the  primary 
cortex  includes  stone-cells,  which  have  thick  walls  and  narrow  lumma,  and 
are  sometimes  slightly  branched.  The  pericycle  contains  isolated  bundles  of 
primary  bast-fibres  with  intermediate  stone-cells,  so  that  either  an  interrupted 
(Af.  Gale)  or  a  continuous  (M.. sapida  and  M.  caUfomica)  composite  scleren- 
chvmatous  ring  is  formed.  In  the  bast  of  M.  sapida  there  are  elongated  pitted 
cells,  resembling  sclerenchymatous  fibres,  and  either  occurring  singly  or 
arranged  in  smau  groups.  The  ends  of  the  sieve-tubes  bear  sevaal  roundish 
sieve-fields  arrang^  in  a  longitudinal  row.  Oxalate  of  Ume  is  found  in  the 
axis  in  the  form  of  solitary  and  clustered  crystals.  It  remains  to  mention 
that  Hohnel's  statement  regarding  the  occurrence  of  schizogenous  resin-canals 
in  the  cortex  of  M,  sapida.  Wall,  is  incorrect.  As  will  be  seen  from  the  descrip- 
tion given  above,  I  have  examined  this  species  and  have  found  resin-canals  to 
be  absent,  as  in  other  members  of  the  Order. 

According  to  Gris,  the  pith  in  Myrica  Gale  consists  of  active  cells  with  thick 
walls. 

Literature:  Grl»,  Moellc,  Nout.  Aich.  Mm.  d'hkt.  nat,  t.  vi,  1870,  p.  384.— De  Btry,  Vagi. 
Anat,  1877.— Hohnel,  Holzer  mit  Hang.,  Bot  Zeit.  i88a,  pp.  166-7.— MoUer,  RindenanaL,  i88a, 
pp.  48-9.~Solereder,  Holzstr.,  1885,  pp.  347-8.— Engler,  in  Naturl.  Pflanzen&m.,  iU.  Tefl,  Abt  i 
(1894),  p.  37. 

CASUARINEAE. 

It  is  weU  known  that  the  Casuarineae,  which  comprise  the  single  genus 
Casuarina,  are  plants  resembling  horse-tails  (Equisetum)  in  habit.  As  a  result 
of  the  reduction  of  the  foliar  organs,  abundant  pidisade-parenchyma  is 
developed  in  tiie  cortex  of  the  young  branches.  The  following  additional 
features  characterize  tiie  Casuarineae  anatomically:  the  occurrence  of 
cortical  vascular  bundles,  which  alternate  with  the  bundles  of  the  central 
cylinder,  and,  after  running  through  the  length  of  one  intemode  in  the  cortex, 
pass  into  the  central  cylinder  at  the  next  node  (Fig.  186  i4) ;  the  structure  of 
the  wood,  viz.  (a)  vessels  having  small  lumina  and  simple  or  scalariform 
perforations,  and  bearing  bordered  pits  in  contact  with  parenchyma, 
(6)  tangential  bands  of  wood-parenchyma,  (c)  wood-prosenchjnna  with 
bordered  pits,  and  (i)  broad  medullary  rays ;  the  peculiar  (Mrigin  of  the  peri- 
derm (see  below),  which  is  connected  with  the  nature  of  the  surface  of  the 
young  branches;  stomata,  placed  transversely  to  the  longitudinal  axis  of 
the  branch,  and  provided  with  parallel  subsidiary  cells  (Fig.  186,  B) ;  finally, 
the  occurrence  of  rows  of  tracheides  on  either  side  of  the  cortical  vascular 
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bundles  (Fig.  186,  C).  The  hairy  covering  (Fig.  186,  D-E)  consists  of  simple 
or  branched  trichomes.  Neither  internal  nor  external  glands  are  present. 
Oxalate  of  lime  occurs  in  the  form  of  clustered  and  ordinary  solitary  crystals. 

In  the  following  paragraphs  we  will  first  deal  with  the  structure  of  the  young 
branches,  some  of  wbich  in  certain  members  of  the  Order  exhibit  no  growth  in 
thickness,  and  are  subsequently  thrown  off  like  leaves ;  a  description  of  the  structure 
of  the  thick  branches  and  stems  will  follow. 

It  should  be  borne  in  mind  that  the  young  branches  of  Casuanna  consist  of 
a  row  of  ioints  or  intemodes,  each  of  which  is  prolonged  above  into  a  short  sheath, 
surrounding  the  base  of  the  next  higher  intemode,  and  terminating  in  4-20  teeth. 
Coinciding  with  each  of  these  teeth  is  a  more  or  less  strongly  developed  longitudinal 
rib,  which  runs  down  the  sheath  and  the  intemode  below  it.  Between  the  ribs 
there  are  corresponding  lon^tudinal  furrows  of  varying  depth.  The  teeth  of  the 
sheaths  alternate  at  successive  nodes,  and  the  same  relation  is  exhibited  by  the  ribs  ' 
and  furrows  in  the  successive  intemodes. 

First  we  will  describe  the  structure  of  the  voung  branch  in  C.  equisetifolia,  L. 
(Fig.  i86»  i4) ;  this  description  will  be  followed  by  a  consideration  of^  the  points  of 
difference  presented  by  the  other  species.  The  intemode  in  C.  equisetifolia  is 
distinguished  by  having  furrows  of  considerable  depth  separated  by  proportionately 
high  ribs ;  in  a  transverse  section  the  ribs  appear  broad,  the  deep  furrows  very 
nanow.  At  the  inner  margin  of  the  ribs,  with  which  they  correspond  in  position, 
the  cortical  vascular  bundl^  are  situated,  while  the  bundles  of  the  central  cylinder, 
which  alternate  with  the  cortical  bundles.  He  opposite  the  furrows.  We  will  now 
consider  the  stmcture  of  the  transverse  section,  taking  the  tissues  from  without 
inwards.  The  nature  of  the  epidermis  varies  according  as  it  borders  directly  on  the 
exterior,  or  forms  the  lateral  surfaces  of  the  longitudinal  furrows.  The  peripheral 
portions  of  the  emdermis,  which  form  the  external  limit  of  the  ribs,  consist 
centrally  of  somewhat  isodiametric  cdls  polygonal  in  surface- view,  but  towards  the 
furrows  the  cells  become  slightly  elongated  in  the  vertical  direction.  Stomata 
are  not  found  in  these  portions  of  the  epidermis,  in  which  the  outer  wall  is  con- 
siderably thickened,  and  encloses  small  roundish  doubly  refractive  bodies  (not 
oxalate  of  lime  according  to  my  investigations,  FiR.  186,  A  and  B).  The  stomata 
are  confined  to  those  parts  of  the  epdermis  which  Une  the  longitudinal  furrows. 
They  are  arranged  (Fig.  186,  B)  in  rows,  and  are  i>laced  transveraely  to  the  longi- 
tudinal axis  of  the  branch.  The  stomata  are  provided  with  subsidiary  cells  lying 
parallel  to  the  pore,  and  are  situated  between  epidermal  cells  which  are  likewise 
elongated  transversely  to  the  longitudinal  axis  of  the  branch.  Hairs  spring  from 
the  base  of  the  furrows  (Fig.  186,  D-E);  in  C.  equisetifolia  thev  are  of  two  kinds, 
viz.:  (a)  simple  trichomes,  consisting  of  two  short  thin-walled  basal  cells,  and 
a  longer  terminal  cell  with  thicker  wa^  (Fig.  186,  E) ;  and  (h)  branched  trichomes 
of  sympodial  structure,  having  the  form  shown  in  Fig.  186,  D.  In  other  species 
or  varieties  the  hairs  have  a  different  structure.  Thus  in  C.  equisetifolia  var. 
incana  Poisson  figures  hairs  with  two  relatively  short,  superposed  basal  cells, 
above  which,  dichotomously  inserted,  are  two  longer  cells  forming  an  acute  angle 
with  one  another ;  in  some  cases  the  dichotomous  branching  is  repeated  a  second 
time.  In  the  ribs  of  C.  equisetifolia  hypodermal  parenchyma  hes  immediately 
beneath  the  epidermis,  and  is  followed  by  one  or  more  layers  of  hypoderm  com- 
posed ol  sderenchymatous  fibres,  which  are  elongated  in  the  vertical  direction,  and 
are  thus  cut  transversely  in  a  trsinsverse  section  of  the  branch.  From  the  middle 
of  this  hypoderm  a  ridge  of  similarly  arranged  sclerenchymatous  elements  extends 
radially  towards  the  bast  of  the  cortical  vascular  bundle.  The  remaining  portion 
of  the  rib  is  occupied  by  a  number  of  layers  of  paUsade  parenchyma,  the  cells  of 
which  are  elongated  in  a  radial  direction. 

In  those  species  which  have  branches  destitute  of  furrows,  or  with  only  slight 
indications  of  them,  the  stmcture  of  the  outer  portion  of  the  younf  branch  is 
different.  A  few  examples  taken  from  Poisson's  work  may  suffice.  In  C 
Chamaecyfaris^  Poiss.  the  transverse  section  of  the  branch  has  a  ouadran^lar 
outline,  uie  four  comers  being  produced  into  slight  wings,  and  each  contaming 
subepidermal  sderenchyma,  and  a  sclerenchymatous  ridge  extending  towards  the 
cortical  vascular  bundle ;  on  the  whole  of  the  remaining  circumferential  portions 
of  the  branchy  pahsade-parenchyma  is  developed  beneath  the  epidermis,  except  at 
four  points,  situated  in  the  middle  of  the  four  lateral  surfaces,  where  the  internal 
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Pig.  i86.  Cdmarina  iquisUifoiia,  L.  A,  Trantvene  section  throurh  a  young  stem  (the  crvatals  of  oulate 
of  lime  have  been  omitted  for  the  sake  of  deaness ;  the  bodies  enclosed  in  the  outer  wall  of  the  eptdennis  arr 
shown  as  black  dots).  B,  Epidermis  from  the  lateral  surface  of  a  forrow  of  the  branch  ;  on  the  left,  a  portion  of 
the  epidermis,  sitoated  at  the  month  of  the  furrow ;  it  is  devoid  of  stomata,  and  has  warty  prominences  (drawn 
as  drclesl  each  of  which  corresponds  to  a  body  deposited  in  the  outer  wall  (see  A) ;  on  the  right,  a  portion 
of  the  epidermis  lying  deeper  in  the  furrow ;  this  shows  the  characteristic  stomaU.  c,  A  row  of  storage4rachcides 
in  a  longitudinal  section ;  rows  like  this  run  on  either  side  of  the  cortical  vascular  bundles  (d  A),  d-b.  Forms  of 
hairs  found  in  the  ftirrows.— Original. 
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cortical  parenchyma  extends  as  far  as  the  epidermis,  which  bears  hairs  at  these 
points ;  stomata  are  developed  on  the  lateral  surfaces  wherever  palisade-parench3rma 
txsrders  directly  on  the  epidermis.  In  C.  leucodon,  Poiss»  the  transverse  section  of 
the  branch  is  quite  similar^  except  that  the  four  comers  are  rounded  off;  hairs  are 
entirely  abseniC  and  a  subepidermal  band  of  sclerenchyma  is  found  in  the  middle 
of  each  of  the  lateral  surfaces.  Other  species^  such  as  C.  nodiflora,  Focst., 
C.  angulaUip  Poiss.  and  C.  Deplanckeana,  Poiss.  var.  genuina  are  essentially 
distinguished  from  C.  Chamaecyparis  and  C.  leucodon  by  the  absence  of  the 
sclerenchymatous  ridees  connecting  the  subepidermal  sclerenchyma  with  the 
cortical  vascular  bundles.  In  other  respects  the  appearance  of  the  transverse 
section  in  the  first  two  of  these  species  recalls  that  of  C.  Chamaecyfaris,  whilst  in 
C.  DeploHcheana  var.  genuina  it  is  more  like  that  of  C.  leucodon.  In  C.  Deplancheana^ 
Poiss.  var.  crassidens  the  distribution  of  sclerenchyma  and  pahsade-tissue  in  the 
branches  is  very  peculiar.  The  branches  have  a  rounded  quadrangular  outline  in 
transverse  section.  The  internal  cortical  parenchyma  only  extends  up  to  the 
epidermis  at  four  points,  corresponding  to  the  middle  regions  of  the  four  lateral 
surfaces ;  everywhere  else  palisade-tissue  is  present  beneath  the  epidermis,  but  is 
traversed  by  numerous  radial  sclerenchymatous  ridges.  Finally,  L^mte  mentions 
that  there  is  a  continuous  sheath  of  palisade-tissue  beneath  the  epidermis  ih 
C.  Rumphiana,  Miq.  The  anatomical  features,  which  have  just  been  described,  are 
of  great  value  for  the  more  si>ecial  diagnosis  of  the  Casuarineae,  and  a  detailed 
examination  of  them  from  species  to  species  is  desirable ;  the  results  thus  obtained 
will  however  only  be  of  use  if  the  exomorphic  features  are  taken  into  consideration 
at  the  same  time ;  not  until  this  has  been  done  will  it  be  possible,  for  example,  to 
determine  whether  the  variety  of  C.  Deplancheana  characterized  by  the  peculiar 
arrangement  of  the  sclerenchyma  is  not  best  regarded  as  a  distinct  species,  and  so 
on.  It  may  be  added  that  Lecomte  describes  the  occurrence  of  sclerenchymatous 
rid^  in  the  ribs  or  comers  of  the  branch  in  the  following  species:  C.  Chamaecyparis, 
Poiss.,  C.  Cunninghamiana,  I^*»  C.  Decaisneana,  F.  Imill.,  C.  Deplancheana,  Miq. 
var.  intermedia,  Poiss.,  C  efjuisetifolia,  L.  var.  incana,  A.  Cunn.,  C.  leucodon,  Poiss., 
C.  oxyclada,  Miq.,  C.  aiMdrivalvis,  LabilL ;  but  not  in  C.  angulata,  Poiss.,  C.  decussata, 
Bendi.,  C.  microstachya,  Miq.,  C.  nana,  Sieb.,  C.  nodiflora,  Forst.  f.,  C.  sumatrana, 
Jun^,  C  thuyoides,  Miq.,  C.  torulosa.  Ait. 

The  inner  portion  01  the  young  branch  in  C.  equisetifolia  (cf.  Fig.  1S6,  ^4)  up  to 
the  outer  boundary  of  the  central  vascular  cylinder  consists  of  unlignified  parenchyma 
with  thin  walls.  This  contains  the  cortical  vascular  bundles,  which  lie  directly 
opposite  the  ribs,  and  are  equal  to  them  in  number.  They  consist  of  a  weakly 
developed  mass  of  xylem  situated  on  the  inner  side,  and  a  phloem-group,  directed 
outwards,  and  supported  at  its  outer  margin  by  a  bundle  of  sclerenchymatous 
fibres.  On  the  right  and  1^  of  the  phloem-groups  rows  cd  tracheides  (Fig.  186,  A 
and  C)  are  situated*  These  tracheides  are  either  of  irregular  shape,  or  almost 
isodiametric,  or  elongated  like  fibres,  and  their  lignified  walls  bear  simple  pits  of 
various  forms.  This  system  of  water-storing  elements  unites  the  wood  of  the 
cortical  vascular  bundles  with  the  palisade-tissue  at  certain  points,  and  evidently 
serves  for  the  supply  of  water  to  the  latter  tissue.  The  parenchymatous  cortex  is 
bounded  towards  the  central  cyUnder  by  an  endodermis.  The  vascular  bundles  of 
the  central  cylinder  are  separated  by  rather  broad  medullary  rays,  and  at  the  outer 
margin  of  the  masses  of  bast  there  are  groups  of  sclerendiymatous  fibres;  these 
groups  vary  in  size. 

The  structure  of  the  leaf-sheath  on  the  whole  agrees  with  that  of  the  outer 
portion  of  the  cortex  in  the  3roung  branch.  For  information  on  this  point,  and  also 
on  the  peculiar  transverse  bundles  of  fibres,  which  are  present  in  the  commissural 
portions  of  the  sheath,  and  prevent  tearing,  see  C.  MtlUer  and  Morini. 

The  occurrence  of  cortical  bundles  is  connected  with  the  path  followed  by  the 
vascular  strands.  The  latter  begin  their  course  in  the  teeth  of  the  leaf-sheaths,  and  run 
downwards  in  the  ribs  of  the  sheath ;  at  the  node  they  pass  into  the  intemode,  and 
continue  their  course  in  the  latter,  running  in  the  ril:^,  which  are  merely  continua* 
tions  of  those  on  the  sheath.  At  the  next  node  they  enter  the  inner  ring  of  bundles, 
but  first  fuse  with  the  leaf-traces  which  formed  the  inner  vascular  ring  in  the 
preceding  intemode.  To  accomplish  this  fusion  each  of  the  inner  vascular  bundles 
forks  at  the  node  into  two  short  branches,  each  of  which  fuses  with  the  nearest 
cortical  bundle  entering  the  inner  ring. 

The  pecuUar  origin  ot  the  cork  in  the  young  branch  also  deserves  notice ;  it  has 
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been  investigated  by  Sanio,  Low,  Ro6S»  Lecomte,  and  others.  The  phellogen  first 
appears  in  the  furrows,  where  it  is  subepidermaL  In  the  ribs  it  develops  on  the 
inner  side  of  the  paHsade-parenchyma,  and  according  to  Lecomte  its  position  is  outside 
the  cortical  vascular  bundles  in  we  basal  portion  of  the  intemode,  whilst  further  up 
it  cuts  through  the  middle  of  the  cortical  Dundles,  and  at  a  still  higher  level  it  lies 
on  the  inner  side  of  these  bundles.  In  C.  torulosa  according  to  Sanio  the  cork, 
formed  beneath  the  f  urrows»  consists  of  cells  which  have  their  inner  tangential 
walls  strongly  thickened,  whilst  on  the  inner  side  of  the  ribs  there  are  at  the  most 
only  indications  of  one-sided  tiiickening  in  the  cork-cells. 

It  now  remains  to  consider  the  structure  of  the  thicker  branches  and  of  the  main 
stem.  Numerous  stone-cells  are  developed  in  the  parenchymatous  outer  cortex  as 
the  branch  increases  in  age;  laige  numbers  of  stone-cells  also  arise  between  the 
groups  of  primary  bast-fibres  belon|;ing  to  the  vascular  ring,  and  connect  them  so 
as  to  form  a  composite  and  contmuous  ring  of  sclerenchyma  (C.  quadrivalvis, 
LabilL  according  to  MoUer).  In  the  young  branches  of  C,  equiseHfolia  only 
clustered  crystals  are  found,  occurring  in  the  palisade-tissue,  in  the  groups  of  bast, 
and  in  the  parenchymatous  outer  cortex,  but  in  older  stems  numerous  solitary 
crystals  are  also  present  in  the  outer  cortex.  According  to  MoUer's  investigations 
the  bast  in  C.  eguisetifolia,  L.  contains  abundant  sclerenchyma  in  the  form  of 
groups  of  bast-nbres  and  stone-cells,  these  being  accompanied  by  num^ous 
chambered  fibres  with  solitary  crystals.  The  inner  portions  of  the  primary  cortical 
medullary  rays  also  undergo  considerable  sclerosis,  and  in  older  stems  penetrate 
^e  wood  in  the  form  of  sclerenchymatous  ridges.  The  sieve-tubes  have  sieve-fields 
showing  scalariform  arrangement.  The  following  statements  may  be  made  re- 
garding Uie  structure  of  me  wood.  The  vessels  never  have  a  large  diameter 
(maximum  diameter  between  015  and  06  mm.),  and  are  scattered  in  a  trans- 
verse section.  They  have  simple,  mostly  elliptical  perforations,  which,  in  all  the 
species  (14  in  number)  examined  by  Poisson  and  myself,  are  accompanied  by 
scalariform  perforations ;  the  latter  are  at  any  rate  present  in  the  neighbourhood 
of  the  priniary  wood,  and  often  also  further  out  in  the  secondazy  woocL  In  some 
cases  peculiar  forms  of  scalariform  perforations  (some  of  them  distorted  forms)  are 
found ;  they  have  been  described  in  detail  by  Boodle  and  WorsdelL  The  waHs  of 
the  vessels,  even  where  they  are  in  contact  with  parenchyma,  are  provided  with 
bordered  pits.  Spiral  or  reticulate  thickening  of  the  pitted  vessels  is  not  uncommon 
(C  kumilts.  Link,  C.  microstachya,  Miq.,  C.  nana,  Sieb.,  C  paludosa,  Sieb.,  C  stficta^ 
Ait.).  Some  of  l^e  medullary  rays  of  the  wood  are  distinguished  by  th^  breadth. 
In  tiie  herbarium-material  of  some  species  (C.  eauisetifolia,  L.,  C.  Hugeliana,  Mi<^., 
C  microstachya,  Miq.)  1  did  not  meet  with  ^>eciaily  broad  medullary  rays,  but  this 
does  not  nec^sarily  mean  that  broad  medullary  rays  are  absent  in  these  species,  for 
it  has  been  shown  that  the  rays  sometimes  only  broaden  out  in  their  outer  portions, 
where  they  may  ultimately  attain  a  breadth  of  24  cells  or  more.  According  to 
Goeppert  the  formation  of  new  vascular  bundles  sometimes  takes  place  in  the  broad 
medullary  rays  of  the  older  wood  in  the  same  way  as  in  Clematis,  The  wood- 
parench3rma  forms  tangential  bands  in  the  t)ransverse  section,  and  is  very  strongly 
aeveloped.  The  wood-prosenchyma  has  thick  walls,  is  sometimes  distinguished  oy 
the  presence  of  a  gelatinous  layer,  and  always  bears  bordered  pits,  though  in 
varymg  numbers,  in  those  species  in  which  the  pitted  vessels  were  stated  above 
to  be  spirally  thickened,  a  similar  thickening  is  also  found  on  some  of  the  elements 
of  the  wood-prosenchyma  (except  in  the  case  of  C.  stricta). 

Literature;  Goeppert,  Anat.  Baa  d.  C,  Linnaea,  184T,  pp.  747-56,  and  Tab.  It. — Stache,  De 
Casoarinift,  etc,  Vratisl.,  1855. — Sanio,  Kork,  Pringshdm  Jahrb.,  Bd.  ii,  i860,  pp.  103-5  and  Tab. 
ziii,  and  Holzk.,  Bot  Zeit,  1863. — £.  Low,  De  C.  canlis  foliiane  evolutione  et  stmctnra.  Diss., 
Berolini,  1865,  54  pp.*— Poisson,  Casuarina,  Nonv.  Arch.  Mos.  d'nist.  nat,  t.  z,  1874,  pp.  55^-111 
and  j^  iv-vii. — Moller,  Hokanat,  Denkschr.  Wiener  Akad.  1876,  pp.  19-ao  and  315  and  Tab.  i.-» 
De  Bary,  Vei]|l.  Anat  1877. — Moller,  Rindenanat.,  1883,  pp.  45-^.--Solereder,  Holzstr.,  1885, 
pp.  a|8-50.— Schnbe,  Blattarme  Pfl.,  Breslan,  i88k,  p.  34  and  Tab.  ii. — Lecomte,  Anat  de  la  tige 
ct  d«  la  feniUe  des  C,  BnU.  Soc.  bot  de  France  1886,  pp.  311-17.— C.  MiiUer,  in  Piingsheim  Jabrbl, 
Bd.  six,  1888,  pp.  571-3. — Ross,  Tessnto  asdm.  e  penderma,  Nnov.  Giom.  bot  ItaL,  toI.  zzi,  1889, 

8 p.  341-4  and  Ut.  ii;  see  also  Ber.  dentsch.  bot.  Gesellsch.  1886,  pp.  367  et  seq.— Engler,  in 
atiirt  Pflansenfam.,  iii.  Teil.  Abt  i  (1894),  pp.  i6-i8.~Boodle  and  Worsdell,  Comp.  anat  of  the 
C  etc,  Ann.  of  bot,  toI.  viii,  1894,  pp.  331-04  and  pi.  xy-xvi. — [Morini,  Anat  del  canle  e  della 
foglia  delle  C,  Mem.  della  R.  Accad.  delle  scienze  dell'  Ist.  di  Bologna,  Ur,  5,  t.  iv,  1894.]— Morini, 
Area  coonettiva  della  gnaina  fogl.  delle  C,  Malpighia  1896,  pp.  304-19  and  taT.  ix. 
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CUPULIFERAE. 

I.  Review  of  the  Anatomical  Features.  The  following  anatomical 
ieatures  are  common  to  the  members  of  this  Order:  a  tendency  to  form 
scalarif orm  perforations  in  the  vessels ;  wood-prosenchyma  with  bordered  pits 
(with  the  single  exception  of  Nothofagus) ;  a  composite  and  continuous,  and 
in  most  cases  permanently  continuous,  ring  of  sclerenchyma  in  the  pericyde ; 
subepidermal  development  of  cork ;  stomata  without  special  subsidiary  cells; 
the  occurrence  of  glandular  hairs ;  the  vertical  transcurrence  of  the  medium- 
sized  veins  in  the  leaf.  A  number  of  structural  features  in  the  axis  are  of 
value  for  the  distinction  of  genera  or  groups  of  genera.  Some  of  the  medullary 
rays  of  the  Wood  are  very  broad  in  the  species  of  Fagus  belonging  to  the 
section  Eufagus,  and  in  Quercus,  but  narrow,  1-4  cells  thick,  in  the  remaining 
members  of  the  Order.  The  Tribes  Betuleae  {Beiula,  Alnus)  and  Coryleae 
{Carpinus,  Ostrya^  Corylus)  are  characterized  by  the  radial  arrangement  of  the 
vessels  in  the  transverse  section  of  the  branch ;  in  the  Tribe  Quercineae 
WuercuSf  Castanopsis^  Castanea,  Fagus)  this  feature  is  more  or  less  indistinct, 
lliere  are  only  two  genera,  Behda  and  Alnus^  which  bear  exclusivdv  bordered 
pits  on  the  w^uls  of  the  vessels  bordering  on  parenchyma  of  the  medullary  rays ; 
m  the  remaining  genera  these  portions  of  the  walls  are  provided  with  large 
simple  pits  and  bordered  pits.  Scalariform  perforations  are  the  only  type 
present  in  the  vessels  in  Betula,  Alnus^  Corylus^  and  Di$tegocari>u$  Carpinus, 
Sieb.  et  Zucc,  while  in  Ostrya^  Fagus^  Castanea^  Castanopsis,  and  Quercus  both 
simple  and  scalariform  perforations  are  found.  In  most  of  the  Cupuliferae 
{species  of  Carpinus^  Ostrya,  Corylus,  Quercus,  Castanea)  the  secondary  bast 
contains  groups  of  bast-fibres ;  in  Betula,  Alnus,  and  Fagus  they  are  replaced 
by  groups  of  stone-cells.  Hypoderm  has  only  been  observed  in  the  leaf  in 
certain  species  of  Alnus.  There  are  no  special  internal  secretory  elements, 
but  many  species  are  characterized  by  the  presence  of  a  mucilaginous  epidermis 
in  the  leaf.  Oxalate  of  lime  is  excreted  in  the  form  of  clustered  and  soUtary 
crystals ;  large,  well-differentiated  soUtary  crystaJs,  occupying  correspondingly 
laige  idioblasts  in  the  mesophyll,  give  rise  to  transparent  dots  in  the  species 
of  Carpinus  (incl.  DisUgocarpus)  and  Ostrya.  The  hairy  covering  is  formed 
by  clothing  and  glandular  hairs  (Fig.  187).  The  clothing  hairs  are :  (a)  simple 
uniceUular,  or  uniseriate  (with  thin  transverse  walls),  generally  sclerenchyma- 
tous  trichomes;  (6)  tufted  hairs  (species  of  Castanea  and  Quercus);  and 
(c)  peltate  hairs  (species  of  Castanea  and  Quercus).  The  glandular  hairs  are 
of  various  shapes ;  glandular  scales  are  found  in  the  species  of  Betula  and 
Alnus,  and  also  in  Nothofagus. 

2.  Structure  of  the  Leaf.  The  leaf-structure  has  been  examined  in 
detail  by  Boubier  in  the  Betuleae  and  Coryleae;  my  own  investigations 
extended  to  Betula  alba,  L.,  Alnus  gltUinosa,  Willd.,  Carpinus  Betidus,  L., 
Ostrya  carpini folia.  Scop.,  Corylus  AveUana,  L.,  Quercus  Fametto,  Ten., 
Q.  Ilex,  L.,  Castanopsis  inaica,  A.  DC,  Castanea  vulgaris.  Lam.,  Fagus  (Eufagus) 
sylvatica,  L.,  and  F.  {Nothofagus)  antarctica,  Forst.  The  leaf-structure  vanes ; 
it  is  either  distinctly  bifacisd  (e.  g.  in  Fagus  antarctica)  or  t3^ically  centric, 
the  mesophyll  consisting  of  palisade-parenchyma  throughout  its  entire  thick- 
ness (e.g.  in  Quercus  Ilex)  or  only  subcentric,  the  lowermost  layer  of  the 
mesophyll  being  differentiated  as  palisade.  Boubier  found  the  mesophyll 
to  have  bifacial  structure  in  all  the  jBetuleae  and  Coryleae  examined  by  him, 
with  the  single  exception  of  Ostrya  carpinifolia.  The  epidermal  cells  have 
straight  or  undulated  lateral  walls.  Hypoderm  has  been  met  with  on  the 
upper  side  of  the  leaf  in  certain  species  of  Alnus  (Alnus  acuminaia,  A.  eUipUca, 
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A.  firmOfA.  gluUnosa ^  A,  incana^  A,  JoruUensis,  A.  nefalensis,  A.  oblongifolia, 
A,  fmhescensy  and  A.  rhombifdia);  it  consists  of  a  single  layer,  the  conQx>nent 
cells  of  which  vary  in  size.  The  occurrence  of  a  mucilaginous  epidennis  in 
the  leaf  is  a  far  more  fre<}uent  phenomenon.  It  has  been  observed :  in  all 
the  species  of  Betula  exanuned  by  Boubier  (including  B.  fruticosa,  contrary  to 
Radlkofer's  statement);  in  the  genus  Alnus^  in  A.  cordi folia.  A,  iaponica, 
A,  mariHma,  A.  orientalise  A.  rubra,  A.  serrulata,  and  A.  viridis  (Boubier);  in 
Corylus  americana  and  C.  rostrata,  and  in  Carpinus  duinensis  and  C.  japonica 
(according  to  Boubier);  but  also  in  Corylus  Avellatia,  Quercus  rarneUOy 
Q.  pedunculata,  Q.  robur,  Castanea  vulgaris,  and  Fagus  aniarctica.  Similarly^ 
some  of  the  hypodermal  cells  in  the  species  of  Alnus  cited  above  (except 
A.  firma,  and  thus  including  A,  gluUnosa)  also  have  mucilaginous  inner 
membranes.  Boubier  mentions  the  formation  of  papillae  in  the  lower  epidermis 
of  the  leaf  in  Betula  corylifoUa,  B.  nigra,  Alnus  nepalensis,  A.  oblongifolia,  and 
A.  pubescens,  the  papillae  bein^  only  slightly  dinerentiated  in  the  species  of 
Alnus,  The  stomata  are  restncted  to  the  lower  side  of  the  leaf  in  admost 
all  the  investigated  species  (exception;  Alnus  orienlalis),  and  are  always 
surrounded  by  several  irre^arly  arranged  epidermal  cells.  The  larger  veins 
of  the  leaf  are  provided  with  arcs  of  sclerenchyma ;  those  of  medium  size  are 
distinguished  by  the  fact  that  they  are  vertically  transcurrent,  extending  as 
far  as  the  epidermis  on  both  sides  of  the  leaf  by  means  of  variously  differen- 
tiated connecting  tissue. 

Oxalate  of  lime  occurs  in  the  leaf  and  axis  in  the  form  of  clustered  and 
solitary  crystals,  both  forms  being  generally  present  in  the  same  species,  but 
eidUbitin^  different  distribution ;  the  latter  feature  can  only  be  employed  for 
special  diagnosis.  Sanio  (Monatsber.  der  BerUner  Akad.  1857)  mentions  the 
occurrence  of  crystal-sand  in  the  cortex  in  Alnus  glulinosa  and  Bdula  albai 
according  to  my  own  investigations,  however,  this  is  incorrect.  In  all  the 
species  of  Carpinus  (see  Blenk)  and  in  Oslrya  (according  to  Boubier)  the  leaf- 
tissue  includes  idioblasts,  which  are  filled  with  soUtary  crystals,  and  in  both 
genera  give  rise  to  pellucid  dots  in  the  leaf. 

The  clothing  hidrs  are  simple  unicellular  or  uniseriate  trichomes,  or  stellate 
or  peltate  hairs.  Simple  unicellular  hairs  have  been  met  with  in  species  of 
Betula,  Alnus,  Carpinus,  Ostrya,  Corylus,  Castanopsis,  and  Fagus;  simple 
uniseriate  hairs  in  species  of  Alnus,  Odrya,  and  Corylus.  In  Corylus  Avellana 
and  Ostrya  carpinifolia  the  walls  of  the  hairs  exhibit  a  curious  striation,  which 
is  connected  with  the  internal  structure  of  the  wall.  Stellate  hairs  have  been 
shown  to  occur  in  Castanea  vulgaris,  Quercus  Farnetto,  and  Q,  Ilex.  They 
consist  of  a  tuft  of  sclerenchymatous  cells  (hairs),  the  whole  group  being  either 
inserted  directly  in  the  epidermis,  or  seated  on  the  apex  of  a  short  multi- 
seriate  pedestal  developed  from  a  group  of  epidermal  cells.  Hie  peltate  hairs 
(Fig.  187,  A),  which  I  examined  in  Castanopsis  chrysophyUa,  A.  DC.,  are  allied 
to  the  stellate  hairs ;  according  to  Prantl,  they  occur  not  only  in  species  of 
Castanopsis  but  also  in  the  species  of  Quercus  belonging  to  the  section. 
Pasania.  The  peltate  (glandular?)  hairs  of  Castanopsis  chrysophyUa,  are 
filled  with  yeUow  contents  and  consist  of  a  low  basal  cell  and  a  medium-sized 
shield  with  a  slightlv  undulated  mar^ ;  the  ray-cells,  only  some  of  which 
reach  the  centre  of  the  shield,  have  thm  walls  and  exhibit  secondary  division- 
wsdls.  Glandular  hairs  of  various  forms  have  been  observed  in  the  genera 
Betula,  Alnus,  Carpinus,  Ostrya,  Corylus,  Quercus,  Castanea,  and  Fagus.  The 
two  genera  of  the  Betuleae  {Alnus  and  Betula)  are  characterized  by  having 
glandular  scales  (Fig.  187,  B-Z>).  These  possess  (a)  a  short  but  broad  stalk,  which 

^  Wa]lia;ek*8  statement  to  the  contrary  (loc.  dt.,  p.  236)»  viz.  that  A/nus  glutin^a  has  a  one- 
layered,  partly  mndlaginons  epidemiis,  is  incorrect. 
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usually  projects  into  the  shield,  and  is  composed  of  several  layers  of  low, 
suberizedcdls ;  and  (6)  a  shield,  the  cells  of  which  appear  elongated  Uke  palisade- 
tissue  in  sections  of  the  gland,  and  are  mostly  polygonal  in  surface-view.  Similar 
glandular  scales  occur  in  Fa&^  aniarcUca^  and  probably  also  in  other  species 
of  the  section  Nothofagus.  The  external  glands  found  in  the  species  of  Corylus 
(Fig.  187,  E-F)  have  a  clavate  shape ;  their  basal  portion  is  formed  by  a  few 
rows  of  low,  apparently  suberized  cells,  whilst  the  upper,  more  or  less  swollen 
portion  consists  of  a  few  thin-walled  cells.  According  to  Boubier,  Ostrya 
virginica  (Fig.  187,  G),  Carpinus  cardala,  and  C.  Tschonoskii  have  glandular 
hairs  with  a  short  uniseriate  stalk  composed  of  a  few  low  cells,  and  a  discoid 
flattened  head  consisting  of  a  rather  larger  number  of  ceUs ;  Carfinus  BeUdus 
(Fig.  187,  H\  C.  caroliniana^  Ostrya  carpinifolia,  and  Castanea  vulgaris  possess 
glandular  hairs  with  a  rather  short,  uniseriate  stalk  composed  of  a  few  cells, 
and  a  spherical  or  ellipsoidal  head  consisting  of  several  cells  exhibiting  no 


Pig.  187.  A.  Casiatto^is  ehrysophjtta^  A.  DC  b-d,  PelUte  glands  of  Bttula  alba,  L.  t  B,  in  transverse 
section ;  c,  glanaalar  diic  aeen  at  a  low,  and  D,  at  a  hirh  focos.  B-P,  Corylus  Atftttana.  G,  Ostrya  vir^rinica, 
Ht  Carpinu4  BOulus.    I,  Quercus  FamsUo.-^A-D  and  I  original,  b-h  after  Boabier. 

special  arrangement.  Glands  of  the  latter  kind  are  also  to  be  met  with, 
though  rarely,  in  Quercus  FameUo,  where  they  accompany  tubular,  uniseriate 
external  glands,  which  are  curved  in  various  ways  (Fig.  187, 1),  Lastly,  we 
may  mention  the  rather  large  glands  observed  in  Corylus  atnericana^  C.  ferox, 
and  C.  Avdlana  (in  the  last  of  these  species  only  on  the  petiole) ;  they  have 
a  multiseriate  stalk  and  a  flattened  spherical  head  composed  of  numerous 
cells.  Having  described  the  glandular  hairs,  we  may  make  a  few  remarks  on 
the  glandular  nature  of  the  leaf-teeth,  this  subject  having  been  investigated 
in  species  of  AlnuSy  Belula^  Carpinus^  and  Corylus.  According  to  Reinke,  the 
glandular  character  in  Alnus  corcUUa  and  Betula  alba  is  due  to  glandular 
shaggy  hairs  with  a  structure  similar  to  that  of  the  glandular  scales  (i.  e.  they 
consist  of  a  small  amount  of  ground-tissue  and  a  palisade-like  epidermis), 
whilst  in  Carpinus  Betulus  and  Corylus  AveUana  it  is  caused  by  glandular 
hairs  similar  in  structure  to  those  on  the  foliage  leaves.  According  to 
Hanstein,  identical,  or  at  any  rate  similar,  glandular  scales  or  hairs  are  also 
met  with  in  Alnus^  Corylus^  Carpinus^  and  Oslrya  as  a  protection  to  the  buds. 
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The  structure  of  the  petiole  has  been  examined  by  C  de  CandoUe  and 
Petit,  and  more  especially  in  the  Betuleae  and  Coryleae  by  Boubier,  and  in 
Quercus  by  Bosseboeuf  and  Pereira.  Without  discussing  points  of  detail, 
which  are  of  importance  only  for  the  diagnosis  of  species,  we  may  note  the 
following  features  as  being  useful  in  generic  diagnosis ;  for  other  points  the 
reader  is  referred  to  the  works  dted  below.  In  all  the  genera  of  the  Querdneae 
{Quercus,  Castaneoj  Casianopsis,  Fagus)  the  characteristic  region  of  the  petiole 
contains  a  closed  annular  fibrovascular  system;  according  to  Prantl,  five 
vascular  bundles  pass  out  into  the  petiole  in  these  genera.  The  genera 
Alnus,  CarpinuSf  and  Corylus  agree  in  the  structure  of  the  characteristic 
region,  the  fibrovascular  system  forming  in  most  cases  a  closed  or  almost 
closed  ring  of  wood  and  bast,  above  which  lies  an  arc  of  wood  and  bast  (with 
the  xjrlem  directed  upwards) ;  the  number  of  bundles  in  the  initial  region  is 
three  in  Corylus,  and  usually  three  in  Alnus,  though  from  five  to  seven  may 
be  present.  In  the  structure  of  the  characteristic  region  the  genera  Ostrya, 
Ostryopsis,  and  Betula  agree  in  as  much  as  the  vascular  system  in  transverse 
section  is  open  on  the  upper  side,  and  has  a  lyrate  or  arc-lixe  shape ;  there  are 
three  vascular  bundles  m  the  initial  region  in  these  genera. 

3.  Structure  of  the  Axis.  The  structure  of  the  axis  in  the  Cupuliferae 
has  been  thoroughly  investigated.  The  following  description  is  chieny  based 
on  MoUer's  *  Rindenanatomie '  and  the  statements  in  my  *  Holzstruktur '  *. 

The  origin  of  the  cork  is  the  same  in  all  cases,  to  judge  from  the  concor- 
dant results  of  investigations  carried  out  by  Moller,  J.  E.  Weiss,  Douliot,  and 
others,  who  examined  numerous  species  of  the  genera  Betula,  Alnus,  Carfnnus, 
Osirya,  Corylus,  Quercus,  Castanea,  and  Fagus ;  thephellogen  always  anses  in 
the  outermost  cell-layer  of  the  primary  cortex.  The  cells  of  the  cork  vary 
in  their  nature.  The  well-known  white  exfoliating  cork  (not  bark)  of  the  birch 
is  distinguished  by  the  presence  of  linear  (transversely  placed)  lenticels ;  it  is 
clearly  differentiated  from  the  fifth  year  onwards,  and  consists  of  alternating 
layers  of  tabular  thick-walled  cells  and  scarcely  flattened  thin-walled  cells,  the 
latter  being  filled  with  minute  white  granules  (betulin*).  In  Alnus  the  cells 
of  the  cork,  which  is  persistent  for  a  long  time  in  this  genus  also,  are  rather 
low  and  almost  tabular.  Amongst  the  0>ryleae,  Ostrya  (0.  vir^nica,  Willd.) 
and  Corylus  (C  Colurna,  L.)  show  a  stratification  of  the  cork  similar  to  that 
found  in  Betula,  layers  of  cells  with  wide  lumina  alternating  with  layers  of 
tabular  cells ;  in  Carpinus  Betulus,  L.,  the  cells  of  the  cork  are  tabular  and 
have  thick  walls.  The  species  of  Quercus  have  for  the  most  part  flat  cork-cells 
with  thick  walls,  while  in  Fagus  sylvatica  the  cells  have  tiiin  walls  and  are 
tabular,  and  in  Castanea  vulgaris  they  have  thick  walls,  and  are  moderately 
flattened.  The  outer  portion  of  the  primary  cortex  is  distinctly  collench3mia- 
tous  in  all  the  members  of  the  Order.  Both  clustered  and  solitary  crystals 
may  occur  in  the  primary  cortex.  In  Alnus  gluUnosa  and  Ostrya  virginica 
large  intercellular  spaces  are  formed  in  the  inner  portion  of  the  primary  cortex 
in  consequence  of  the  tangential  elongation  of  the  cells  and  the  separation  of 
the  walk  in  the  tangential  direction.  The  pericycle  in  axes  not  exceeding 
a  certain  thickness  contains  a  composite  and  continuous  ring  of  sclerenchyma 
in  all  investigated  species.  In  most  members  of  the  Order  tUs  ring  is  retained 
during  growth  in  thickness,  and  only  in  Castanea  vulgaris  and  Betula  alba  does 


^  The  latter  give  the  resolu  of  an  invettisatioD,  which  extended  to  all  the  spedea  of  aU  the  genera  of 
Cnpnliferae  represented  in  the  Herbarium  Monaoense  in  the  year  1884  (excluding  Ox/r^w). 

'  With  reference  to  betulin,  besides  other  worki^  tee  Hohnel,  Kork,  etc,  Sitz.-Ber.  Wiener  AInd., 
Bd.  IxxW,  Abe  I,  1877,  (uid  Meiklin,  in  Melanges  Uologiques  St  P^ersb.,  iT,  1865,  p.  565  et  seq. 
According  to  Boubier,  betnlin  does  not  occor  in  aU  the  species  of  Betula,  being  absent  in  B. 
Afurithii  and  B.  nigra. 
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it  undergo  local  rupture  sooner  or  later.  Groups  of  secondary  bast-fibres 
have  only  been  observed  in  the  genera  Carpinus^  Ostrya^  Corylus,  Qucrcus,  and 
Castanea^  not  in  Alnusy  Betuta^  and  Fagus.  They  often  give  rise  to  a  distinct 
stratification  of  the  secondary  bast.  In  Alnus,  Betuluj  and  Fagus  groups  of 
stone-cells  are  developed  in  place  of  the  secondary  bast-fibres,  whfle  in  the 
secondary  bast  of  Quercus  sinmar  groupKS  of  stone-cells  accompany  the  groups 
of  bast-fibres.  A  very  peculiar  feature  is  the  sclerosis  of  the  inner  portions  of 
the  primary  medullary  rays  in  the  cortex  of  Fagus  sylvatica  and  certain  species 
of  oskf  such  as  Quercus  Suber ;  the  sclerosed  groups  of  cells,  as  in  PUianus, 
form  crest-like  projections  on  the  inner  side  of  the  cortex,  penetrating  the 
medtillary  rays  of  the  wood,  and  thus  establishing  a  firm  dovetailing  between 
the  wood  and  the  cortex. 

The  characteristic  features  in  the  structure  of  the  wood  have  already  been 
summarized  above,  but  the  f ollowi^  special  points  in  the  individual  Tribes 
and  genera  may  be  mentioned.  The  genera  Alnus  and  Betula  (Betuleae) 
agree  in  almost  all  respects  in  the  structure  of  the  wood ;  they  have :  (a)  narrow 
medullary  rays,  which  are  one  or  two,  or  at  the  most  four  cells  in  breadth, 
the  cells  bemg  mostly  elongated  in  the  radial  direction,  and  containing 
clustered  crystals;  (b)  vessds,  which  have  rather  small  lumina  (diameter 
reaching  -04  mm.),  and  are  arranged  in  radial  rows,  bear  bordered  pits  in 
contact  with  parenchyma  of  the  medullary  raj^  and  have  exclusively 
scalariform  perforations  with  5-30  bars;  (c)  a  small  amount  of  wood- 
parenchyma  ;  and  (d)  wood-prosench3ana  with  wide  lumina,  and  walls  furnished 
with  smiall  but  distinct  bordered  pits,  the  borders  being  smaller  than  the  pits, 
which  are  not  numerous.  The  different  size  of  the  bordered  pits  on  the 
conmion  walls  of  contact  of  the  vessels  serves  to  distinguish  the  two  genera ; 
for  the  diameter  of  the  border  is  only  •0017  mm.  in  Betula^  but  -003—004  mm. 
in  Alnm.  The  Coryleae  {Carpinus^  incl.  Distegocarpus,  Ostrya,  and  Corylus) 
show  certain  points  of  agreement  with  the  IBetuleae,  viz.  medullary  rays, 
which  are  one  or  two,  or  at  the  most  three  cells  in  breadth ;  wood-prosen- 
chyma  with  a  constant  type  of  structure  (characterized  by  wide  lumina, 
and  small  but  not  numerous  bordered  pits);  and  the  always  prevalent 
radial  arrangement  of  the  vessels,  which  have  small  lumina  (maximum 
diameter  »« -04  mm.).  In  oth^  respects,  however,  there  are  a  number  of 
differences.  The  \i4lls  of  contact  between  two  vessels  bear  densely  packed 
and  rather  large  bordered  pits,  the  borders  being  sometimes  hexagonal  owing 
to  mutual  contact.  Where  they  border  on  the  medullary  rays  the  walls  of 
the  vessels  are  furnished  with  almost  simfde  pits.  Spiral  thickening  of  the 
pitted  vessels  has  been  observed  in  Carpinus  BeMus,  ll,  C.  caroliniana^  Walt., 
C  duinensis.  Scop.,  C  viminea,  Lindl.,  Diste^ocarpus  laxifiora,  ^eb.  et  Zucc, 
D.  Carpinus^  Sieb.  et  Zucc.,  Os^rya  carpinifoha.  Scop.,  0.  virginica,  Willd.,  and 
Corylus  Columa,  L.  In  all  the  investigated  species  of  Carpinus  and  Ostrya^ 
as  well  as  in  DisUgocarpus  laxiflora^  the  perforations  of  the  vessels  are  for  the 
most  part  simple  and  elliptical ;  only  in  the  neighbourhood  of  the  primary 
wood,  and  more  rarely  also  at  some  points  in  the  secondary  wood,  scalariform 
perforations  with  few  bars  are  present.  Distegocarpus  Carpinus  and  all  the 
investigated  species  of  Corylus^  on  the  other  hand,  have  exclusively 
scalariform  perforations  with  a  varying  number  of  bars  (4-16).  Wood- 
parenchyma  is  developed  in  greater  abundance  in  the  Coryleae  than  in  the 
Betuleae,  and  sometimes  forms  tangential  bands.  Amongst  the  Quercineae 
the  genus  Fagus  shows  considerable  diversity  in  the  structure  of  the  wood, 
and  the  differences  agree  with  the  splitting  of  the  genus  into  two  genera, 
Nothofagus  and  Eufagus^  attempted  by  certain  authors.  Thus,  the  species 
of  Eufagus  possess  very  broad  medullary  rays,  which  attain  a  breadth  of  eight 
cells  even  in  the  wood  of  the  second  year,  whilst  in  the  species  of  iVoAfco- 
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fagus^  which  are  indigenous  in  the  antarctic  r^ions  of  America  and  Australia,  tha 
rsLys  are  only  from  one  to  two  cells  broad ;  besides  this  difference  we  have  the  fact 
that  the  wood-fibres  have  bordered  pits  in  Eufagus  only,  while  in  Nothofagus  they 
bear  simple  pits,  and  are  sometimes  septate.  In  all  the  species  of  Fagus  the 
vessels  have  smsdler  lumina  than  in  the  remaining  genera  of  Quercineae ;  they 
^dso  exhibit  a  more  or  less  distinct  radial  arrangement.  The  perforations 
of  the  vessels  are  for  the  most  part  simple  and  elliptical,  often  elongated-* 
elliptical,  in  outline  ;  in  all  the  species,  however,  scalanform  perforations  have 
also  been  observed ;  they  have  rather  a  small  number  of  bars,  and  occur  in 
the  neighbourhood  of  the  primary  wood,  sometimes  also  in  the  secondary 
wood.  The  walls  of  contact  between  the  vessels  bear  numerous  bordered 
pits,  which  occasionally  show  a  scalanform  arrangement ;  in  contact  with 
parenchyma  of  the  medullary  rays  simple  pits  are  present  on  the  walls 
of  the  vessels.  Spiral  thickening  of  the  walls  is  found  in  Fagus  australis^ 
POpp.,  and  F.  pfoceura^  POpp.  Molisch  met  with  deposits  of  carbonate 
of  lune  in  the  vessels  of  the  heart-wood  in  Fagus  sylvatica^  and  the  same 
feature  is  found  in  BeHda  alba,  Wood-parenchsmaa  is  scantily  developed 
in  Fagus.  The  structure  of  the  wood  in  the  two  genera,  Castanea  and 
Castanopsis,  belonging  to  the  Quercineae,  shows  close  agreement.  Only 
narrow  medullary  rays,  1-3  cells  broad,  extend  outwards  from  the  four^ 
rayed  pith.  The  vessels  are  scattered  in  the  transverse  section  of  the 
branch,  the  radial  arrangement  of  the  vessels  seen  in  most  Cupuliferae  being 
suppressed  in  this  case.  The  perforations  of  the  vesseb  are  chiefly  simple^ 
and  circular  or  elliptical ;  but,  as  in  the  other  members  of  the  Ord^  having 
simple  perforations,  those  of  the  scalanform  type  are  to  be  found  in  the 
neighbourhood  of  the  primary  wood,  and  in  some  cases  in  the  secondary  wood 
also.  In  contact  with  parenchyma  of  the  medullary  rays  the  walls  of  the 
vessels  bear  simple  pits.  The  wood-prosenchyma  has  bordered  pits  in  Castanea 
and  Castanopsis ;  the  wood-parenchyma,  which  sometimes  contains  solitary 
crystals,  is  developed  in  abundance.  The  genus  Quercus  agrees  with  Castanea 
and  Castanopsis  in  the  following  features :  {a)  the  tendency  to  form  scalariform 
perforations  in  the  vessels ;  (b)  the  occurrence  of  simple  and  bordered  pits  on 
the  walls  of  the  vessels  in  contact  with  parenchyma  of  the  medullary  rays; 
(c)  the  bordered  pitting  of  the  wood-prosenchyma ;  {i)  the  abundant  develop* 
ment  of  wood-parenchyma,  which  frequently  contains  crystals ;  and  (e)  the 
suppression  of  the  radial  arrangement  of  the  vessels ;  it  is  distinguished  from 
these  genera,  however,  by  the  presence  in  the  wood  of  broad  medullary  rays, 
extending  outwards  from  a  pith  which  is  five-rayed  in  almost  all  cases 
(exceptions :  Quercus  lappacea,  Roxb.,  and  Q.  macrolepis,  Kotschy).  Amongst 
the  perforations  of  the  vessels  in  the  secondary  wood  of  Quercus^  those  of 
the  simple,  elliptical  or  circular  type  invariably  preponderate,  but  in  all  the 
species  which  I  investigated  (sixty-seven  in  number),  and  likewise  in  those 
examined  by  Abromeit,  scalariform  perforations  were  alwaj^  present,  if  not 
in  the  secondary  wood,  at  any  rate  in  the  neighbourhood  of  the  primary  wood. 
With  regard  to  the  grouping  of  the  species  of  Quercus  on  the  basis  of  the 
anatomy  of  the  wood,  see  Abromeit. 

The  structure  of  the  pith  has  been  examined  by  Gris.  Alnus  and  Betula, 
Car^inus  and  Ostrya,  Quercus,  Fagus,  and  Castanea  have  a  homogeneous  pith, 
whilst  in  Corylus  alone  it  is  heterogeneous.  In  Corylus  the  periphery  of  the 
pith  is  composed  of  active  cells  with  rather  thick  walls,  whilst  the  central 
portion  consists  of  empty  cells  with  rather  wide  lumina  and  thin  walls. 
Regarding  an  abnormal  occurrence  of  medullary  vascular  bundles  with  central 
phloem  in  Alnus  glutinosa  see  Kiinkele. 

Literature :  Frank,  in  Bot.  Zeit  1864,  p.  377  et  seq.— Hanstein,  Harz-  u.  Schleiroabs.,  Bot.  Zeit. 
1868,  pp.  723  and  736  et  seq.  and  Tab.  xi>xii. — Gris,  Moelle,  Nonv.  Arch.  Mns.  d*hist.  nat..  t.  vi, 


Digitized  by 


Google 


CUPVUFERAE  797 

1870,  pp.  379-84  •nd  pi.  xvUi-ziz.— RadUcoCnv  in  Monogr.  Stn'ama,   1875,  p.   :o4. — MoUer, 


Holsanat.,  Denkschr.  Wiener  Akad^iSyd,  pp.  ao-35  mod  316. — Reinke,  Sekredonsorg.,  Pringsheini 
-  .  .     ^.         ^^  ^        VergL  Ana      -         -    -----      - 

▼e  1879,  p., 
Holtt%  Din.,  Leipzig,  1879,  pp.   15-34.— Molitch,  Kohient.  KiOk,  Sltx.-Ber.  Wiener  Akad., 


Jahxl).,  Bd.  z,  1876,  pp.  139-40.— De  Bary,  Vergl  Anat.  1877.— C.  <^«  Candolle,  Anat.  comp.  des 
feuilles,  M^  Soc.  phys.  et  dliist.  nat  de  Gen^  1879,  P*  443  ^  «eq.— Hesfelbarth,  VergU  Anat  d. 


Bd.lxzziT,  Abt.  I,  i88i,p.  18.— Moller,  Rindenanat,  i88a,  pp.^9-4S8  (see  here  the  older  literature  on 
the  anatoiny  of  the  cortex  in  the  C.)— Abiromeit,  Anat  d.  Eichennokes,  Diti.,  Konigtbeig,  1884,  sep. 
copy  fromFringsheim  Jahrb.,  Bd.  xv,  1884,  pp.  S09-81.— Blenk,I>tirchs.P.»  Flora  1884,  p.  37i  ^^  s^P* 
copy,  pp.  83-4. — Solereder,  Holsstr.,  1885,  pp.  350-9. — Kny,  HoU  y.  Qmrcus  subir,^  Text  zu  bot 
Wandtat  Ixxiv-bonri,  1886,  pp.  303-34.— PeUt,  P^ole,  M^m.  Soc.  tc  phyi.  et  nat.  de  Bordeaux, 
wh.  3.  t  iii,  1887,  pp.  243-0  and  pi.  11;  and  Actes  Soc.  linn,  de  Bordeaux,  t.  43,  1889,  p.  17. — 
Hartig  and  Weber,  Holz  d.  Rotbncne,  Berlin,  1888,  p.  20  et  lequ— Douliot,  in  Ann.  sc.  nat,  s^.  7, 


t.  X,  1889,  p.  333.— Lalanne,  Feuilles jpenist,  Act  Soc.  Linn.  Bordeaux,  s^.  5,  t.  iy,  1890,  p.  iii 
and  1^  yU.— J.  £.  Weiss,  Koricbild.,  Denkschr.  Regensb.  bot  Gesellsch.  1890,  sep.  copy,  pp.  53-4. 
— Ross,  Peridenna,Malpighia,  yoL  iy,  1890,  p.  183.— Arcangeli,  in  Nooy.  Giom.  hot  Itai.,  yoL  xxiii, 
1891,  p.  370.— Strasburger,  Leitungsbahnen,  1891,  pp.  366-76.— Honlbert,  Bois  sec  dans  les 
Ap^taks,  Thte,  Paris,  1893,  pp.  133-54. — Wdliczdc,  Membranschleime,  Pringsheim  Jahrb.,  Bd.xxv, 
1&Q3,  p.  309  et  seq.— Prantl,  in  NatiirL  Pflanzenfam.,  ilL  Teil,  Abt.  i  (1894),  pp.  38  and  47  et  seq. 
— Bosseboeuf,  P^ole  du  Qttercms,  Bull.  Soc  bot.  de  France  185^,  pp.  360-c— Boabier,  Anat  syst. 
de  Btolao^es-Corylacto,  Malp^hla  1896,  pp.  349-436«— Kruser,  Syst  d.  Bnchen,  Ann.  Wiener 
Hofinnsenm,  Bd.  xi,  1896,  pp.  i6i-3.*-»^ereira  da  Fonseca,  Estudo  comp.  da  estructnra  do  pedolo 
de  alg.  espec.  de  QiurctiSt  6olet.  da  Soaedade  Broteriana  Coimbra,  xiii,  185^,  pp.  48-59  and  Tab.] 
— Reidie,  Chilen.  Holzpfl.,  Jahrb.  f.  wiss.  Bot,  Bd.  xxx,  1897,  ?•  96.— Virchew,  Blattaihne,  Arch, 
d.  Pharm.  185^,  p.  62. — Kiinkde^  Strangbild.  im  Marke  yon  Am$n  ghitinosa,  Bot  Centralbl.  1897, 
iii,  pp.  1-6  and  Tab.  i. — Kuhla,  Phello£nn,  Bot  CentralbU  1897,  iu,  pp.  118  and  161. 

SALICINEAE. 

The  two  genera  of  this  Order,  SaUx  and  Populus,  have  the  following 
anatomical  characters  in  common :  in  the  structure  of  the  axis — superficial 
development  of  the  periderm,  isolated  bundles  of  bast-fibres  in  the  pericycle, 
stratification  of  the  phloem  into  hard  and  soft  bast,  narrow  medullary  rays  in 
the  wood,  simple  perforations  in  the  vessels,  Simple  pits  on  the  walls  ot  the 
vessels  where  they  are  in  contact  with  parenchyma  of  the  meduUary  rays, 
wood-prosenchyma  with  simple  pits  and  sometimes  septate,  and  scantily 
developed  wood-parenchyma;  in  the  structure  of  the  leaf — the  tendency  of 
the  stomatal  apparatus  to  differentiate  in  accordance  with  the  Rubiaceous 
type,  and  the  absence  of  glandular  hairs.  Oxalate  of  lime  is  excreted  in  the 
leaf  and  axis  in  the  form  of  clustered  and  solitaiy  crystals.  Internal  secretory 
organs  are  absent.  The  two  genera  of  the  Saficineae  may  be  distinguished 
anatomically  by  the  place  of  origin  of  the  cork ,  in  SaUx  it  is  the  epidermis 
itself,  in  Poptdus  the  outermost  ^-layer  of  the  primary  cortex. 

I  have  examined  the  structure  of  the  leaf  in  Poptdus  nigra^  L.  and  Salix 
alba^  L.  In  both  species  the  epidermis  bears  simple  unicellular  hairs,  and 
stomata  are  present  on  the  two  sides  of  the  leaf.  In  SaUx  alba  the  stomata  are 
accompanied  on  either  side  by  one  or  more  subsidiary  cells,  placed  parallel  to 
the  pore ;  whilst  in  Poptdus  nigra  this  type  of  stoma  is  not  always  so  well 
marked.  The  epidermis  in  many  cases  includes  cells  with  mucilaginous 
inner  walls,  thtis  according  to  Radlkofer  in  Salix  acuminata^  S.  alba,  5.  aurita, 
5.  Caprea,  5.  cinerea,  5.  daphnoides,  S.  fragUis,  S.  grandifolia,  5.  incatia,  and 
5.  fii^ans,  but  not  in  5.  amygdalina,  5.  rtibra,  S.  viminalis,  Poptdus  alba, 
P.  fHgra^  and  P.  tremtda ;  occasionaUy  (5.  alba  according  to  Walliczek)  both 
the  inner  and  outer  wall  of  the  same  epidermal  cell  may  be  mudlag^ous 
According  to  Rothert's  abstract  of  Dobrowlianskij's  work,  hypoderm  occurs 
beneath  tiie  upper  epidermis  in  some  members  of  the  Order,  and,  in  certain 
species  of  Sahx  belonging  to  ^e  section  Rugosae,  the  epidermal  cells  here 
and  there  show  septation  into  two  or  three  cells ;  the  latter  statement  may 
possibly  be  due  to  an  incorrect  interpretation  of  the  mucilaginous  epidermal 
cells*  According  to  DobrowUanskij,  the  mesophyll  varies  in  its  structure. 
Very  commonly  the  lowest  cell-layer  of  this  tissue  contains  little  chloro- 
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phyll,  and  is  differentiated  like  a  hypoderm;  according  to  my  own  observation 
this  is  also  the  ca^e  in  Populus  nigra  and  Salix  alba.  In  these  two  si)ecies  the 
remainder  of  the  mesophyll  consists  of  palisade- tissue ;  in  other  species  dense 
or  loose  spongy  tissue  is  present.  Glandular  hairs  are  not  present  in  this 
Order.  In  place  of  them  the  leaf-teeth  in  certain  species  of  Salix  and 
Populus  have  a  vesicular  glandular  structure,  the  glandular  tissue  being 
formed  by  the  epidermis,  the  cells  of  which  are  transformed  into  long,  narrow, 
radially  arranged  prisms  ^. 

In  Salix  and  Populus  three  vascular  bundles  always  pass  into  the  petiole, 
and  in  both  genera  these  bundles  show  a  tendency  to  become  rolled  up  into 
a  circular  form  during  their  further  course  through  the  petiole,  in  the 
characteristic  region  we  meet  with  a  ring  of  wood  and  bast  in  Salix,  and 
several  superposed  rings  of  vasculair  bundles  in  Populus.  For  details  see 
C.  de  CandoUe,  Petit,  and  especially  KomarofiL 

I  have  examined  the  structure  of  the  wood  in  Populus  tremula,  L., 
P.  nigra,  L.,  Salix  alba,  L.,  and  5.  purpurea,  L.  The  meduUaj^  rays  are 
narrow,  being  from  one  to  two  cells  in  breadth.  According  to  Schulz,  the 
medullary  rays  of  the  poplars  consist  entirely  of  cells  of  equal  height,  whilst 
those  of  the  willows  contain  two  kinds  of  cells,  the  one  elongated  in  the 
vertical,  the  other  in  the  radial  direction.  The  vessels  are  scattered  in  the 
transverse  section  or  are  arranged  in  radial  rows,  several  of  them  forming 
a  row;  their  diameter  attains  -066  nmi.  The  perforations  are  simple.  In 
contact  with  one  another  the  vessels  bear  rather  large  bordered  pits  (diameter 
of  the  polygonal  b<n:ders  »  «oo4— 006  mm.),  but  in  contact  with  parenchyma 
of  the  mec^Uary  ravs  there  are  simple  pits  of  the  size  of  the  border  in  the 
bordered  pits.  Wood  -  parenchyma  is  scantily  developed-  The  wood- 
prosenchyma,  which  has  fairly  thick  walls  and  rather  wide  lumina,  bears 
simple  pits,  and  is  sometimes  {S.  alba)  septate. 

The  following  statements  regarding  the  structure  of  the  corten  are  chiefly 
based  on  Mailer's  work.  According  to  Sanio,  MoUer,  J.  E.  Weiss,  1^  others, 
the  cork  arises  in  the  epidermis  in  me  numerous  investigated  species  of  Salix, 
but  in  the  species  of  Populus  it  always  develops  in  the  sul>epidermal  layer  of 
cells.  In  Populus  the  cork-camKum  first  gives  rise  to  several  rows  of  cubical 
cells  with  wide  lumina,  and  flattened  cork-ceUs  are  not  formed  until  later ;  in 
Salix  a  thin  stratum  of  code  is  formed  each  year  consisting  of  a  few  layers  of 
ceDs,  which  have  their  outer  tangential  ¥^s  sclerosed.  Tne  outer  porticm  of 
the  primary  cortex  is  coUenchynuitous,  and  in  certain  species  of  Populus 
includes  stone-cells,  which  sometimes  (P.  alba,  L.)  unite  to  form  a  ring. 
Isolated  groups  of  bast-fibres  are  developed  in  the  pericycle.  Groups  of  hard 
bast  are  always  present  in  the  secondary  bast,  and  they  are  often  so  arranged 
as  to  cause  stratification  of  the  phloem ;  in  some  cases  (P.  alba,  L.,  P.tyramidalis, 
Roz.)  groups  of  stone-cells  occur  as  well  Oxalate  of  lime  is  founa  in  the  bast 
in  the  form  of  solitary  and  clustered  crystals,  the  former  being  contained  in 
chambered  cirstal-fibres,  which  sheathe  the  secondary  bundles  of  hard  bast ; 
they  are  enclosed  in  the  cell-wall.  The  medullary  rays  of  the  phloem 
traverse  the  secondary  hard  bast  without  becoming  sclerosed. 

The  irfth  is  heterogeneous  according  to  Mentovich,  the  periphery  being 
formed  by  active  cells,  the  central  portion  by  empty  cells.  In  those  portions 
of  the  stem  of  Populus  aJba  and  Salix  amygdalina,  in  which  the  formation  of 
heart-wood  has  already  set  in,  the  pith  contains  deposits  of  carbonate  of  lime 
(Molisch). 

1  The  bads  of  the  poplar,  which  are  coTeied  with  abvndant  balsam,  exhibit  a  dmilar  stractore ; 
the  internal  bud-scales  have  glandular  soi&ces,  consisting  of  epidennal  cells  elongated  like  palisade, 
and  coTcred  by  a  thin  cnticle  (see  Hanstein,  loc  dt,  and  Areschong,  AcU  Lnnd.  1870,  tab.  It,  40). 
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Literature:  Chalon,  Tigcs  Ikn.  dicotyl.,  a*  M6n.,  1868,  pp.  49-58. — Hanstein,  Han-  a. 

■  '     -'      ►.756:-F •     •     - 

..PP-33-^ ,  ,  „,        „  .         .         , 

1876,  p.  168.— Areschoti£,  Bkd.  anat,  Minnesskr.  Land  1878,  p.  57  et  seq.— De  Baiy,  Wtx^A.  AnaU 


Schkiniaba.,  Bot.  Zdt  1868,  p.  756.— Radlkofer,  Monogr.  S^rfama^  1875,  P*  103.— MoUer,  Holzanat.» 
Denkschr.  Wiener  Akad.  1870,  pp.  33-4  and  329. — Retake,  Sekietionsorg.,  Pringaheim  Jahrb.,  Bd.  x, 


808,  p.  750. 
1876,  pp.  t 

i£,  Blad.  an  . 
1877.'-^.  de  CandoUe,  Id  Mte.  Soc.  phys.  et  hist,  nat  de'  Goi^  1879/  P*  44^  ^  leq.-^oliach, 
Kohlent.  KaUg  Sitz.-Ber.  Wiener  Akad.,  Bd.  Ixxxiv,  Abt.  i,  1881,  P*  7  et  seq.— Moller,  Rindenanat, 
i88a,  pp.  8oH)5. — Scfaalz,  Maikitrablgew.,  Dist.,  Berlin,  1882,  pp.  18-19;  also  Jahrb.  Berliner  bot. 
Cart,  Bd.  n.— Mentovich,  Mark,  Klansenbnig,  1885,  Hnnga^kn;  abstr.  Just  1885,  i,  p.  787.— 
SoUareder,  Holzstr.,  1885,  p.  359.— Petit,  Petiole,  M^m.  Soc*  so.  phys.  et  nat.  de  Bordeaux,  s^r.  3, 
t  ill,  1887,  p.  346  and  pi  ii-iil— Dobrowlianskij,  Vei|:l.  Anat  d.  BL  d.  S.,  Arb.  St.  Petersb.  natorC 
Gesellach.,  Bd.  six,  1888  (Rnasian)  pp.  161-70 ;  abttr.  by  Rothert,  in  Bot.  Centralbl.  1889,  U,  p.  487. 
^-Donliot,  P^dcnne,  Ann.  so.  nat.,  s^r.  7,  t  x,  1889,  pp.  33o-i.~J.  £.  Weiss,  Koikbild.,  Denkschr. 
Rmmsbug.  bot  Gesellsch.  1890,  sep.  copy,  p.  5a. — Ross,  Periderma,  Malpighia,  toI.  iv,  1890,  p.  104. 
— Stxasbarger,  Ldtongsbahnen,  1891,  pp.  207-13.— Houlbert,  Bois  sec.  dans  les  Apetales,  Th^ 
Paris,  1803,  pp.  i30-2.~Walliczek,  Membranschleime,  Pcingsheim  Jahrb.,  Bd.  xxr,  1893,  p.  238. — 
Paz,  in  NatiIrL  Pflansenftim.,  iii.  Teil.  Abt.  i  (1894),  pp.  30-1.— Lazniewski,  BioL  d.  Alpcnpfl., 
Diss.,  Munchen,  1896,  p.  40  et  seq. ;  sep.  copy  from  Flora  1896.— Virchow.  Blattzahne,  Arch.  d. 
Phann.  1896,  sep.  copy,  pp.  51  and  61.— Komaroff,  Stmct.  fol.,  Bnll.  Herb.  Boissier  1807,  pp.  226- 
46.— KohU,  Phelloderm,  Bot  Centralbl.  1897,  iii.  p.  116.— [Theorin,  Om  bladt.  glandfema  hos  en 
del  Salices,  Stockholm,  i88a.~'Soitari<^  Ban  d.  Stammes  d.  S.,  abttr.  in  Oest  bot.  Zeitschr.  1899, 
p.  117  (appears  in  Sits.-Ber.  Wiener  Akad.).] 

LACISTEMACEAE. 

This  small  Order^  which  consists  of  the  single  genus  LacisUma^  is  of 
uncertain  systematic  position,  having  been  regarded  by  systematists  as  allied 
to  the  Piperaceae,Chloranthaceae,  Urticaceae,  and  Samydaceae ;  it  has  neither 
the  resin-cells  of  the  Piperaceae  and  Chloranthaceae^  nor  the  secretory  cavities 
of  the  Samydaceae,  nor  the  cystoliths  of  the  Urticaceae.  Its  anatomical 
characteristics  are :  vessels  with  rather  small  lumina,  and  scalariform  perfora- 
tions ;  narrow  medullary  rays  in  the  wood ;  wood-prosenchyma  with  few  but 
distinctly  bordered  pits ;  a  composite  and  continuous  ring  of  sclerenchyma  in 
the  pericyde;  superficial  development  of  cork;  and  the  absence  of  internal 
and  external  glands.  Oxalate  of  lime  is  excreted  in  the  form  of  clustered  and 
solitary  cryst^.  The  trichomes  are  simple.  Tannin  is  present  in  abundance 
in  all  parts  of  the  plant 

I  have  exammed  the  structure  of  the  leaf  in  Lacisiema  intermedium^ 
Schnizl.,  and  L,  pubescens^  Mart.  The  leaves  in  these  two  species  have  typical 
bifacial  structure,  the  spongy  tissue  being  very  lacunar.  The  stomata  are 
restricted  to  the  lower  side  of  the  lea^  and  are  surrounded  by  three  or  more 
epidermal  cells,  which  in  some  cases  show  a  certain  degree  of  differentiation 
as  subsidiary  cells.  The  vascular  bundles  of  the  larger  veins  are  accompanied 
by  sclerenchyma.  Clustered  crystals  are  found  in  the  mesophyll,  and  m  the 
veins.  The  hairs  are  simple ;  they  have  rather  thick  walls,  and  are  unicellular, 
or  septate  owin^  to  the  presence  of  delicate  transverse  walls ;  the  basal 
portion  of  the  hair  is  provided  with  rather  laige  pits,  elongated  in  the  direction 
of  the  length  of  the  hair. 

I  have  examined  the  structure  of  the  axis  in  L.  pubescens^  Mart,  and 
L.  myricoides^  Sw.  Tlie  following  statements  may  be  added  to  the  data  given 
above  on  this  subject.  The  medullary  rays  of  the  wood  are  from  one  to  two 
cells  in  breadth,  and  are  chiefly  composed  of  cells,  which  are  elongated  in  the 
vertical  direction.  The  vessels  are  quadrangular  in  transverse  section,  varying 
numbers  of  them  being  arranged  in  radial  rows.  The  bordered  pits  on  the 
walls  of  the  vessels  are  small  (diameter  of  border  ■■•002—003  mm.),  and  are 
also  found  on  the  walls  in  contact  with  wood-parenchyma,  or  parenchyma  of 
the  medullary  rays.  The  scalariform  perforations  have  a  varying  number  of 
bars ;  in  L.  myrtcoideSf  where  the  bars  are  rather  broad,  as  many  as  twenty 
may  be  present.  Wood-parench3m[ia  is  somewhat  abundant.  A  few  stone- 
ceUs  sometimes  occur  in  the  primary  cortex.    The  cork  in  L.  pubescens  arises 
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sub-epidermaUy,  and  includes  cells  having  their  walls  more  strongly  thickened 
on  one  side  (viz.  the  inner  tangential  and  the  contiguous  portions  of  the 
radial  walls).  Oxalate  of  lime  is  found  in  the  medullary  rays  of  the  wood  in 
the  form  of  ordinary  soUtary  oystals. 

literature:    Bokoroy,  Dnidu.  P.,  Flora,  i88a,  p.  371,  lep.  copy,  p.  25.— Solereder,  Holzstr., 
1885,  pp.  359-60.— Engler,  in  NatOr).  PflanzenfaiiL,  iii.  Teil,  Abt  i  (1894),  p.  15^ 

EMPETRACEAE. 

This  small  Order,  the  members  of  which  are  distinguished  by  ericoid 
habit  and  bv  possessing  rolled  leaves,  shows  great  uniformity  in  the  anatomical 
sitructure  of  the  vegetative  organs.  In  illustration  of  this  statement  the 
following  characters  may  be  pointed  out :  the  apparently  bifacial  structure 
of  the  leaf ;  the  mucilaginous  epidermis  of  the  leaf ;  the  absence  of  a  special 
type  of  stoma;  the  very  small  lumina  of  the  vessels ;  the  tendency  to  form 
scalariform  perforations  in  the  vessels;  the  narrow  medullary  rays  of  the 
wood ;   wood-prosenchyma  with  bordered  pits ;  the  scanty  development  or 


PlO.  188.  Transverse  seotioo  throofh  the  XtaS  d  Sm^etrum  nigrum^  L,— Orifinal. 

complete  absence  of  sclerenchyma  in  the  cortex ;  the  origin  of  the  cork  in  the 
pericycle ;  the  excretion  of  oxalate  of  lime  in  the  form  of  clustered  crystals 
or  sphaerites ;  and  the  hairy  covering,  which  is  formed  by  simple  unicellular 
trichomes,  and  short  glandiilar  hairs  having  a  stalk  comp^ed  of  one  or  a  few 
cdls,  and  an  eUipsoidal,  uni-  or  multicellular  head. 

The  structure  of  the  leaf  has  been  examined  in  all  the  four  species  of  the 
Order  (Empetrum  nigrum^  L.  Fig.  188,  Corenui  alburn^  Don,  C.  Conradii^  Torr., 
and  Ceratiola  ericoiieSy  Klichx.).  The  leaves  of  all  the  species  belong  to  the 
category  of  rolled  leaves,  being  deeply  furrowed  on  the  lower  side.  This 
furrow  does  not,  as  would  appear  at  first  sight,  originate  by  the  bending  back 
of  the  margins  of  the  leai,  but  according  to  Gibdli  and  Gruber  it  is  due  to 
more  rapid  growth  of  the  portions  of  the  lower  side  of  the  leaf  situated  on 
either  side  of  the  midrib ;  in  consequence  of  this,  a  groove  first  arises,  but 
this  subsequently  becomes  closed  owing  to  the  lateral  extension  of  the  more 
rapidly  growing  portions,  and  thus  forms  a  central  cavity.  The  epidermis, 
which  limits  the  rolled  leaf  externally,  is  distinguished  by  having  a  strongly 
thickened  outer  wall,  by  the  absence  of  stomata,  and  by  the  gelatinization 
of  the  inner  cell-walls.  The  gelatinization  has  been  correctly  interpreted  by 
Gruber  and  others  only  in  the  case  of  Empefy^um\  but  according  to  my  own 

*  The  gelatinization  is  found  both  in  the  lowUmd,  and  in  arctic  and  alpine  specimens  (sec 
Wagner,  Stz.-Ber.  Wiener  Alcad.,  Bd.  d,  Abt.  i,  189a ;  Wanning,  Om  Grocnlands  Vq^tioo, 
1888 ;  and  Boergeien,  Joamal  de  Botaniqne,  1895,  p.  3). 
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investigations  it  also  occurs  in  the  other  three  species,  in  which  some  of  the^ 
mudlaginoos  inner  walls  (Corema  album  and  Ceraiiola)  have  a  conical  form 
and  penetrate  the  leaf -tissue^  while  in  some  cases  they  also  exhibit  a  numb^  of 
unaltered  cellulose-lamellae  (e.  g.  in  Corema  Conradii).  The  epidermis  lining 
the  central  cavity  of  the  rolled  leaf  has  thinner  outer  walls,  and  includes  the 
stomata,  the  latter,  according  to  Gibelli,  being  surrounded  by  several  ordinary 
epidermal  cells  in  Empetrum.  The  inner  epidermis  is  also  furnished  with 
trichomes,  which  consist  of  glandular  hairs  and  simple  unicellular  hairs.  The 
former  have  a  short  unicellular  or  uniseriate  stalk  (in  the  latter  case  composed 
of  a  few  cells),  and  an  ellipsoidal  head,  which  is  unicellular,  or  divided  into 
several  cells,  the  division-walls  being  chiefly  horizontal,  one  or  two  vertical 
walls  being  also  present.  The  simple,  unicellidar  hairs  are  so  abundant  in 
Corema  aloum  and  Ceraiiola  that  they  form  a  tangled  mass  filling  the  entire 
cavity  of  the  rolled  leaf.  In  Empetrum  and  Corema  Conradii  they  are  chiefly 
present  at  the  margin  of  the  leaf,  and  those  on  the  two  margins  become 
interlocked,  thus  firmly  closing  the  aperture  of  the  central  cavity.  Beneath 
the  outer  epidermis  of  the  roUed  leaf  there  is  more  or  less  typical  palisade- 
parench3ana,  whilst  spongy  tissue  is  situated  above  the  epidermis,  Uning  the 
central  hollow,  so  tlmt,  if  the  course  of  development  be  disregarded,  the  leaf 
may  be  described  as  bifadal.  There  are  no  sderenchymatous  elements 
accompanying  the  vascular  bundles  of  the  veins.  Internal  secretory  elements 
are  likewise  absent.  Oxalate  of  lime  is  found  in  the  leaf  of  Empdrum  in  the 
form  of  clustered  crystals,  and  of  beautiful  sphaerites  with  radial  striation  and 
concentric  stratification ;  in  the  leaf- tissue  of  Corema  album  oxalate  of  lime 
only  occurs  in  the  form  of  clustered  crj^tals. 

I  have  examined  the  axis  in  Empetrum^  Corema  a^m,  and  Ceraiiola 
ericoides.  In  transverse  section  the  wood  (and  this  also  applies  to  Corema 
Conradii)  shows  scattered  vessels  with  small  lumina  (maximum  diameter 
=  -024 --OS mm.),  and  narrow  i-2-seriate  medullary  rays,  the  cells  of  which 
are  more  or  less  dongated  in  the  vertical  direction.  Tlie  perforations  of  the 
vessels  are  scalariform  (with  as  many  as  ten  bars)  in  Empetrum^  whilst  in 
Corema  and  Ceraiiola  they  are,  for  the  most  part,  simple  and  elliptical,  more 
rarely  scalariform.  In  contact  with  parenchyma  of  the  medullary  rays  the 
walls  of  the  vessels  bear  slit-shaped  bordered  or  unbordered  (?)  pits.  Wood- 
parenchyma  is  scantily  developed ;  the  wood  -  prosenchyma  has  distinct 
bordered  pits.  The  following  points  are  noteworthy  in  the  cortesc,  etc.  The 
epidermis,  like  the  outer  epidermis  of  the  roUed  leaf,  has  a  very  thick  external 
wall.  Sderenchymatous  fibres  are  rarely  met  with  at  the  outer  limit  of  the 
bast,  being  isolated  in  Empetrum  accorduig  to  Gibelli,  and  forming  bundles  at 
some  points  in  Ceraiiola.  The  first  layer  of  periderm  arises  in  the  pericycle.- 
In  Corema  album  the  cells  of  the  cork  are  strongly  thickened  on  one  side  (viz. 
on  the  inner  tangential  wall).  Sderenchymatous  dements  are  entirely  absent 
in  the  secondary  bast.  In  Ceraiiola  the  subepidermal  cell-layer  of  the  cortex 
has  its  inner  tangential  walls  sclerosed,  so  that  the  cells  appear  thickened  in 
the  form  of  a  horseshoe  in  transverse  sections  of  the  branch. 

litenture :  Gibelli,  Strntt.  delle  foglie  delle  £.,  Nnov.  Giom.  bot  ItaL,  toL  viii,  1876,  pp.  49- 
60  and  taT.  v-vi. — Gruber,  Anat.  u.  Eatw.  d.  Bl.  tod  Empetrum^  Diss.,  Konigsherg,  1882,  38  pp*-— 
Solereder,  Holistr.,  1883,  p.  a6a— Pax,  in  Natiirl.  Pflanzenfam.,  iii.  Teil,  Abt  5,  1891,  p.  124.— 
[Mac  Ewan,  Comp.  anat.  of  Conma^  etc.,  BnlL  Torrey  bot  Club,  vol.  xxi,  1894,  pp.  277-85.] 

CERATOPHYLLEAE. 

There  is  little  to  be  said  r^arding  the  anatomy  of  this  interesting  Order, 
which  indudes  the  single  genus  Cerap)phyUum  witih  about  three  species ;  it  is 
well  known  that  the  members  of  this  Order  are  submerged  plants,  having  no 
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land-forms,  producing  no  roots,  and  flowering  and  fruiting  beneath  the 
surface  of  the  water.  Features  of  special  note  are  the  comfdete  absence  of 
vessels  and  of  stomata. 

The  axis,  which,  like  the  leaf,  has  been  spedally  examined  in  C  detner- 
sufHy  L.  by  H.  Schencky  has  an  epidermis  containing  chlorophyll,  and  devoid 
of  stomata.  Beneath  the  epidermis  is  the  primaiy  cortex,  in  which  the  outer- 
most cell-layers  are  collendiymatous,  while  the  inner  portion  contains  a  ring 
of  air-spaces  separated  from  one  another  by  radial  plates,  one  layer  of  cells  in 
thickness.  Numerous  tannin-cells  with  suberized  walls  are  present  throughout 
the  primary  cortex.  The  vascular  system  of  the  stem  is  delimited  from  the 
primary  cortex  by  a  typical  endodermis  containing  starch,  and  provided  with 
Caspary's  dots.  The  centre  of  the  vasculair  strand  is  occupied  by  an  axile  air- 
canal,  arising  by  the  resorption  of  a  small  group  of  elements,  but  according  to 
Caspary,  Sanio,  and  Schleiden  this  group  does  not  consist  of  tracheae  (as  is 


Pig.  189.   Transverse  section  throagh  the  fibro-Tascnlar  system  of  C^ratofkyUum  dUmermm^  L.— after 
H.  Scbenck. 

the  case  in  Aldrovanda^  for  exampjle),  but  of  procambial  ceUs  with  narrow 
lumina  and  deUcate  walls.  The  axile  canal  is  surrounded  by  an  annulair  zone 
of  collench3m[iatous,  parenchymatous  cells,  which  contain  starch  and  are 
elongated  in  the  vertical  direction ;  as  shown  by  H.  Schenck,  they  are  to  be 
regarded  as  xylem  (wood-parenchyma),  though  they  include  no  vessels. 
From  the  xylem-portion  a  ring  of  phloem  extends  as  far  as  the  endo- 
dermis ;  this  phloem  consists  of  bast-parenchyma  and  sieve-tubes ;  the  latter 
have  wide  lumina,  are  provided  with  companion  cells,  and  are  arranged  ii^  two 
rings  in  the  transverse  section.  Vessels  and  lignification  are  thus  entirely 
absent  in  the  stem  of  CeratophyUum, 

According  to  H.  Schenck,  the  segments  of  the  leaf  in  CerdiophyUiim 
demersunt  are  elliptical  or  circular  in  transverse  section,  and  are  traversed  by 
a  vascular  bundle,  which  runs  nearer  to  the  upper  side,  contains  no  vessel^ 
and  is  surrounded  by  a  parenchymatous  sheath.  The  epidermis  of  the  leaf  is 
devoid  of  stomata,  and  consists  of  low  cells,  which  are  polygonal  in  surface- view, 
and  contain  chlorophyll  The  latter  is  less  abundant  in  the  parenchytna  of 
the  leaf  than  in  the  epidermis.  The  mesophyll  is  not  particularly  .strongly 
developed,  and  is  traversed  longitudinally  by  air-canals;  of  these  three  on 
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the  lower  side  are  large,  and  are  separated  from  one  another  by  septa  of 
a  single  layer  of  cells,  while  on  the  upper  side  there  are  two  much  smaller 
canals.  The  parenchyma  of  the  lea^  like  that  of  the  cortex,  contains  tannin- 
ceUs.  The  apices  of  the  segments  of  the  leaf  in  CeratophyUum^  as  in  those 
of  MynophyUum^  are  occupied  by  a  long,  shaggy,  multiseriate  glandular 
structure,  the  oily  contents  of  which  are  rose-cofoured  in  young  stages  and 
subsequently  become  rich  in  tannin.  On  either  side  of  each  of  these  glands 
there  is  a  long,  pointed  unicellular  hair.  It  has  not  yet  been  determined 
whether  these  peculiar  glands,  which  subsequently  disappear,  serve  for  the 
protection  of  the  young  leaf-tips  against  parasites. 

Regarding  the  relation  of  the  axile  strand  in  the  stem  to  the  leaf-trace 
strands,  we  may  state  on  the  authority  of  De  Bary  that  CeratophyUum  is 
one  of  those  plants  in  which  the  strands  found  in  the  stem  are  cauline,  and 
have  apical  growth,  whilst  at  the  nodes  branches  pass  off  from  the  cauline 
strands  into  the  leaves. 

literatare:  Schleiden,  Kenntnis  der  C,  Linnaea  1837,  pp.  530-a. — Caspary,  in  Monattber. 
Berliner  Akad.,  i86a,  p.  466.— Sanio,  Endog.  Gefassbiindelbild.,  Bot  Zeit  1804,  p.  aa$.— Borodin. 
Blattsp.  einig.  Wasserpfl.,  Bot  Zeit.  1870,  p.  850.— Magnus,  Bemerk.  z.  Anft.  v.  Borodin,  Bot.  Zdt. 
i87i,p.48a:  here  cited:  Mercklin,Blattge8t.,  Jena,  1846.  pp.7a-7andTab.  i;  see  aUo  Hmhnaier, 
in  Bot  Zeit  1871,  p.  50i.-~I>e  Bary,  vergL  Anat.  1877.— Areachong,  Blad.  anat,  Minnesskr., 
Land,  1878,  p.  144  et  te^.— Klercker,  Anat.  et  d^vel.  de  CeratophyUum,  Bihang  K.  Svenska  Vet- 
Akad.  Handllngar,  vol.  ix,  n.  10,  1885,  a3  pp.  and  3  Tab. ;  see  also  Bot.  Centralbl.  1885,  i,  p.  157 
et  aeq.^H.  Schenck,  Veigl.  Anat  d.  submers.  Gew.,  KasseU  1886,  pp.  lo-i  i  and  38,  Tab.  i  and  ri. 
— ^Dntailly,  Glandes  ip\,  des  Ciratophyllum,  etc.,  Assoc,  inxk^.  p.  1  avancem.  det  sc.,  Paris,  1891, 
p.  aao.— Eneler,  in  Natiirl.  Pflanzenfam.,  iii.  Teil,  Abt.  a  (1894),  p.  1 1.— Schilling,  Schleimbild.  d. 
Wasserpfl.,  Flora  1894,  p.  3a7. 
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ADDENDA 

RANUNCULACEAE  (pp.  14-20). 

1.  There  is  little  to  add  to  the  Review  of  Anatomical  Features  given 
in  the  earlier  part  of  this  book.  Clustered  crystals  of  oxalate  of  lime  have 
also  been  obs^ed  in  the  petiole  in  species  of  Thalidrum,  and  in  the  leaf- 
sheath  in  Anemone  japonica^  S.  et  Z. ;  arm-palisade-cells  have  also  basn  re- 
corded in  species  of  Adonis^  Clematis^  Ddphinium  and  Nigella.  The  structure 
of  the  stem  has  been  shown  to  be  astelic  in  species  of  Anemone^  CaUha^  Eranihis, 
Oxygraphis  and  Ranunculus  (incl.  Ficaria). 

2.  Structure  of  the  Leaf.  Numerous  details  regarding  the  nature 
of  the  epidermis  and  the  structure  of  the  leaf  are  to  be  found  in  Goffart's 
work  *.  The  stomata  are  confined  to  the  lower  side  of  the  leaf  in  Adaea^ 
Anemone  pro  parte,  Aquilegia,  Delphinium  and  Trollius^  but  occur  on  both 
sides  in  Aaonis,  Anemone  pro  parte,  taUha^  Ceratocephalus^  Isofyrum^  Myosurus 
and  Nigella.  There  is  no  arm-palisade-parenchyma  (see  also  above)  in  HepaHca 
and  Pidsatilla,  while  in  Aconitum  columbianum,  according  to  Schwartz-Clements, 
it  is  only  present  in  the  shade-leaves.  The  clustered  crystals  of  oxalate  of  lime, 
found  m  Anemone  and  ThaUdrum,  have  ^eady  been  referred  to  above. 
Sphaerocrystalline  masses  of  unknown  chemical  composition  have  been  observed 
in  Ranunculus  aconiiifoUus,  L.,  R,  pkUanifolius,  L.  and  R.  sardous^  Crtz. ; 
according  to  Schafinit,  similar  deposits  are  present  in  the  floral  organs  in  species 
of  Ceraiocephalus  and  ThaUclrum,  The  small  club-shaped  (see  Fig.  i,  /)  or 
conical  (see  Fig.  i,  G)  trichomes  have  recently  been  snown  to  occur  also  in 
species  of  Ad^is^  Anemone,  Aquilegia^  Ddphinium,  Isopyrum,  Nigella  and 
TfoUiuSy  whilst  longer  tubular  hsurs  with  a  basal  ventricose  swelling  luive  been 
recorded  for  species  of  Ddphinium  and  Hdleborus.  For  information  as  to 
the  number  and  course  of  the  vascular  bundles  in  the  petiole,  see  especially 
Goffairt  and  Ziegler  ;  in  Paeonia  the  bimdles  are  less  isolated  than  in  the  other 
genera. 

3.  Structure  of  the  Axis.  According  to  Ziegler,  anomalous  structure 
of  the  stem  is  also  found :  (a)  in  Ddphinium  Requieni,  in  which  numerous 
medullary  vascular  bundles  are  present  in  the  lower  part  of  the  stem ;  and 
(b)  in  Paeonia  officinalis,  in  which  a  single  cortical  concentric  vascular  bundle 
with  central  phloem  is  found  in  certain  parts.  According  to  the  same  author, 
Thalidrum  pyrrhocarpum  differs  from  other  species  of  its  genus  in  having  no 
medullary  bundles. 

Note. — ^Accordin^  to  Stap^  an  anomalous  structure  of  the  tuberous  roots  of 
Aconilum  is  characteristic  of  tne  Indian  species,  belonging  to  the  sections  Anthora 
(A.  rohmdifolium,  Kar.  et  Kir.,  A.  heterophyUum,  Wall.,  A.  naviculare,  Stapf,  A.pal- 
matum.  Hook,  i,  and  probably  also  A.  Hookeri,  Stapf)  and  Deinorrhixum  (k.  deinor- 
rhixum,  Stapf  and  A.Balfourit,  Stapf),  and,  according  to  Irmisch,  Goris  and  A.  Meyer, 
is  also  found  in  A.  Anthora,  In  these  species  the  parench3rmatoas  ground-tiaBue 
of  the  central  cylinder  includes  several  vascular  strands,  for  the  most  part  con- 


*  In  this  treatise  the  following  genera  are  dealt  with :  Aconitum,  Adaea,  Adonis,  Anemone, 
Afmi/^Mf  CaiihOy  Cer otocephalus ,  Cimicifuga,  Delphinium,  Eranthis^  Hetleborus,  Isopyrum, 
Mysnrus,  NigeUa,  Paeonia^  Ranunculus^  Thalictrum,  TroUius. 
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centric  in  structure,  and  each  having  a  small  pith  of  its  own,  and  growing  in  thickness 
by  means  of  a  partial  cambium ;  tioese  strands  are  arranged  in  a  circle  in  the  trans- 
verse section,  the  outline  of  each  strand  being  annular  or  Stella^  in  the  AfUhora- 
t3rpe,  but  tangentially  elongated  (band-shaped)  in  the  D^'noirAtxttm-type.  Both 
on  the  outer  and  inner  sides  of  this  vascular  system  there  are  numerous  phloem- 
bundles  situated  in  the  parenchymatous  ground-tissue,  and  right  at  the  centre  there 
is  a  small  indistinct  pith.  The  ^mode  of  development  of  this  anomaly  has  been 
determined  by  A.  Meyer  in  A.  heUrophyllum.  fii  the  pith  of  the  tubsrous  root, 
that  is  to  say  on  the  inner  side  of  the  normal  vascular  system,  which  grows  in  thick- 
ness by  means  of  a  normal  cambium,  a  secondary  m^ristem  of  circular  outline  in 
transverse  section  is  developed ;  this  meristem  produces  parench)rma  and  phloem- 
bundles  on  its  inneip  side,  and  parench3rma,  sometimes  together  with  tracheae,  on  its 
otlter  side.  This  secondary  cambial  ring  next  becomes  united  at  one  jpoint  witii  the 
extehial  (normal)  cambium,  and  consequentlv  in  a  transverse  section  it  appears 
as  though  only  one  (the  outer  normal)  cambium  were  present,  though  strongly 
invaginated  at  one  point  into  the  pith.  In  the  further  course  of  development 
ihe  two  cambia,  i.  e.  the  secondary  meristem  and  the  normal  cambium,  fuse  at 
other  points  also,  and  in  this  way  tne  concentric  bundles  mentioned  above  originate, 
each  being  surrounded  l^  a  partial  cambium.  It  will  be  well  to  mention  that 
according  to  Hartwich  and  Neuber  the  anomalous  structure  just  described  may 
sometimes  also  be  met  with  in  A,  NafeUus ;  in  the  tuberous  roots  of  this  species, 
moreover,  other  anomalies  occur  locally,  but  for  these  the  reader  must  be  r^erred 
to  the  hterature,  especially  the  works  of  A.  Meyer,  Hartwich,  and  Neuber.  Re- 
g^krding  the  retiform  rhizomes  and  roots  of  A.  Lycoctonum  see  ibid,  and  Jost,  loc  dt. 
For  the  structure  of  the  root  in  the  Ranunculaceae  generally  see  also  Lenfant, 
Mansion,  Sterckx,  IL  cc.  The  bulbils  in  the  axils  of  the  leaves  of  kanunculus  Ficaria 
are,  we  may  add,  formed  mainly  by  a  negatively  geotropic  root-structure,  as  shown 
by  their  anatomy. 

litermtore :  Inniich,  Aconiium  NaptUus^  Zeitschr.  d.  ees.  Natarwist.,  1854,  pp.  181-03  and 
Tab. iii-y. — Watowicz,  Aconitum  keterophylium,  Archiv d.  Pharm.,  1879,  i,  P-  ai 7 et  seq. — A.  Meyer, 
Aconiium  NapelluSy  etc,  Aichiv  d.  Ptuum.,  1881,  ii,  pp.  240-76.~Langgaard,  Japan,  n.  chin. 
Aconitknollen,  Archiv  d.  Pharm.,  1881,  i,  p.  161  et  seq. — Costantin,  Tiges  a^r.  et  soot.,  Ann.  sc. 
nat.,  «6r.  6,  t  xvi,  1883,  p.  88  et  seq. — Costantin,  Tiges  d.  pi.  aqo.,  Ann.  sc.nat,  s^.  6,  t.  xix,  1884, 
D.  387  et  seq.  and  pi.  16. — ^Jost,  Zerkliiftnng  einiger  Rhiz.  etc.,  Bot  Zeit.,  i8|^»  P-  485  et  seq.  and 
Tab.  vi. — ^[Miczinsld,  Anat.  d^  An^nones  hybrides,  Compt  rend.  Acad.  Cracovie,  xxiv,  1893, 

bci.  Pavia,  1894;  abstr.  in  Just,  1894, 
[Bastin,  Struct  of  Cimidfuga,  Americ. 
dbygn.,  Bot.  Tidsskrift,  1895,  p.  3 19  et  seq. 
^[Nihonl,  Et.  anat.  des  Rannnc.,  M^m.  cour.  et  m^in.  d.  sayants  Strang.  Acad.  d.  Belgique,  1895.}-- 
Ziegler,  Gefassbiindel  im  Stengel  der  Ranunc,  Diss.,  Erlangen,  1895,  41  y^.^yii^icDovi%^^  Isopyrum 
4>ccuUfUale^  Bot.  Gaz.  xxi,  1896,  pp.  380-3. — Janczewski,  Anemofu,  Revue  de  bot.  1897,  p.  337  et 
seq.  and  pL  18-19  (radne),  and  loc.  dt.  1808,  pp.  433  and  507  et  seq.  and  pi.  16-19  (^ig^)* — 
Lenfant,  belphiniuttt.  Arch,  dc  Tlnstitut  bot  ae  I'Univ.  de  Li^ge,  i,  1897, 7o  pp.,  pL  i-xi. — Mansion, 
Thalutrum  flaivum^  ibid.,  104  pp.,  pi.  i-xiv. — Sterckx,  Cl^matidto,  iWd.,  88  pp.,  pi.  xv-xxix. — 
Spanjcr,  Wasserapparate,  Bot  Zeit  1898,  i,  p.  54. — Weinrowsky,  Schdtdoffii.  bd  Waiserpfl.,  Diss., 
Berlin,  1898,  p.  33.~Minden,  Wassersec.  Oig.,  Bibl.  bot..  Heft  46,  1899,  pp.  33  and  33.— [CoUin, 
PydrastU  canadensis^  Joum.  de  Pharm.  et  de  Chimie  1900,  p.  309;  abstr.  m  Just  1900,  ii,  p.  16.I— 
Kliem,  Veget.  Rcgenerationsors.,  Diss.,  Erlangen,  1900,  p.  41. — [ResroU,  Nogle  arkt  rannnklers 
motiblogi  og  anatomi,  Nyt.  Magaz.  for  Natunridenskab.  1900,  35  pp.,  pi.  xii-xiv.] — Schldchert, 
Xerophyten  der  Muschelkalkh.  bei  Jena,  Natnrwisi.  Wochenschr.  1900,  p.  449  (^n^inMir).— Thomas, 
Feuilles  sont.,  Thte,  Paris,  i900.---GofiiEUt,  Anat.  des  feuilles  dans  les  Rannnc,  Arch,  de  llnstitut 
bot.  de  llJniv.  de  Li^,  iii,  1901,  190  pp.  and  14  pi.,  espedallv  p.  150  et  seq. — [Goris,  Aconitum^ 
Bull.  Sc.  Pharmacol.  1901,  no.  4 ;  abstr.  in  Just,  1901,  ii,  p.  37.1-~Petersen,  Vedanatomi,  looi,  p.  41. 
— Bouygues,  P^ole,  Th^,  Paris,  1903,  p.  10. — Manmer,  Fhan.-Vegetat.  der  Kerguelen^  Diss., 
Basel,  1^3,  pp.  38-31  (^onfmof/fAf).— Knothe,  Unbenetzbare  Blatter,  ESss.,  Heidelberg,  1903,  p.  16. 
— [Tschirch,  HelleboruS'TiTOgesif  Schweizer.  Wochentdir.  f.  Pharm.  1903,  no.  35 ;  abttr.  in  Just, 
1903,  ii,  p.  68.]-^Vanderlinden,  Alcal.  et  glycoddes  dans  la  fiunille  des  Raiannc.,  Kecneil  de  1  Inst, 
bot.  de  Bmxelles,  v,  1903,  pp.  135-78  :  awir.  in  Bot.  Centralbl.,  xdi,  p.  167.] — [Finlayson,  Stem- 
structure  of  some  leafless  plants.  Transact  and  Proc  New  Zealand  Inst  1903,  p.  360  et  seq.  {Clematis 
a^/fVi/'a).V-Schoute,  Stelartheorie,  Jena  and  Groningen,  1^3,  pp.  11 3-15. — ^Theorin,  Vaxttrichom., 
Arkiv  for  Bot.  i,  1903,  p.  171. — ^[Futo,  Hepatica  transsilvanica^  Diss.,  Klausenburg,  1904,  Hungarian.] 
— Frddeniddt,  Anat  Bau  der  Wurzel,  Bibl.  bot.  Heft  61,  1904,  pp.  45-54; — Neuber,  Verrf.  Anat 
d.  Wumln,  Diss.,  Bern,  1904,  pp.  5-53  {Acwitum,  Helleborus). — Schamiit,  Nekt  der  lUmunc, 
piss.,  Erlangen,  I904«r— ^iissengutb,  Behaarangsverh.  der  Wiirzbuiqger  Muschelkalkpfl.,  Diss.,  Wiirz- 
baig,  1904,  pp.  17-18. — ^Theorin,  Vaxttrichom.,  Aridv  for  Bot.,  iii,  na  5,  1904,  p.  17.— {Clark 


Tab.  VI. — IMiczmsld,  Anat  des  Anemones  hybrides.  Com 
pp.  105-36  and  pi.  ii-iii.] — [TcNniini,  Stomi,  Atti  1st  be 
I,  p.  460,  and  Bot.  Centralbl.  Beih.,  1894,  p.  433.] — [£ 
Joum.  Fhanp.  1895,  pp.  13 1-8.] — Borgesen,  Arkt  pi.  blaob 
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^cttyltdxak-'.  and  kaf'-stnictiire  in  certain  Rannnc,  Torzeya,  1905,  pp.  164-6.] — Saxton,  Rech.  eip^r. 
snr-l'anaU  des  pU  a^nes^  Ann.  sc  nat.,  s^.  9»  t  ii,  1905,  pp.  1-35  {AnemoHC^  Rammculus^  Tha" 
/ilr/nMi).— Schwartz-Clements,  Relat.  of  leaf-itmcture  to  pnys.  Actors,  Tians.  Americ.  Bilcrciicop. 
Soc  1905,  p.  59,  pi.  vii,  3. — [Senft,  Medidn.  verw.  Pfl.  aus  der  Fam.  d.  Rannnc.,  Pharm.  Pnudf, 
1905^'  no.  I  et  teq. ;  abste.  in  Bot.  Centralbl.,  di,  p.  368.] — Stapf,  Aconites  of  India,  Annals  Bot. 
€ia^  Calontta,  x»  a,  1905^  pp.  126-30.— G6iean  de  Lamarli^,  Membr.  cot  d.  pL  aqo.,  Revne  de 
bot.  1906,  p.  289  et  seq. — ^Piccioli,  Legnami,  Bull.  Siena,  1906,  p.  132.    [For  additional  literature 

DILLENIACEAE  (pp.  20-24). 

2.  Structure  of  the  Leaf.  In  certain  species  of  Wormia  a  hypoderm 
composed  of  lar^e  cells  is  found  beneath  the  upper  epidermis,  while  in  viUenia 
indica^  L.  there  is  a  single  layer  of  hjrpoderm. 

3.  Structure  of  the  Axis.  The  wood  in  Wormia  fenuginsa^  Baill. 
consists  of  :  (a)  broad  medullary  rays  reaching  a  breadth  of  ten  cells  ;  (h)  vessels 
with  exdiisivdy  scalariform  perforations  (with  as  many  as  forty  bars),  and 
bearing  bordered  pits  in  contact  with  wood-parenchyma ;  and  (c)  wood-inrosen- 
chyma  having  bordered  pits  (Ursprung).  A  composite  and  continuous  ring 
of  sclerenchyma  in  the  pericycle  is  also  present  in  the  young  axis  of  Dillenia 
ochreata  (=  Wormia  ochreaki)  and  Doliocarpus  semidentatus  (Ktard). 

Literatnre:  Urspning,  Anat  n.  Jahresringbild.  trop.  Hokarten,  Diss.,  Basel,  1900,  pp.  10-13 
{Wormia ferruginea)» — ^Pitard,  Pericycle,  Th^,  Bordeaux,  1901,  p.  83. — Fabridns,  Laubblattanst., 
«tc,  Beih.  Bot  Centralbl.,  xii,  iQoa,  pp.  310,  311. — ^Baigagu-Petrucd,  L^;nami,  Malpighia,  190a, 


P-  333  {DiiUnia). — ^Areschou^  Trop.  vaxt.  bladbyggn.,  St.  vet.  Akad.  Handling.  39,  n.  a,  1905, 
pp.  12-15  and  Tab.  xziT-v  {2>illenta\  and  pp.  105-6  {Tetracera), — [Moll  and  Janssonius,  Mikro- 
graphie  d.  Holzes,  Leiden,  1906,  pp.  65-80  ( Womiia^  DiiUnia),'] 


CALYCANTHACEAE  (pp.  25-27). 

I.  The  statement  in  the  Review  of  Anatomical  Features  regarding 
the  absence  of  a  sclerenchymatous  ring  in  the  pericycle  requires  some  modifica- 
tion, since  according  to  Van  Tieghem  (see  also  Pitard,  loc.  cit.)  the  lower  inter- 
nodes  in  Chimonanthus  contain  a  composite  and  continuous  sclerenchyniatous 
ring  composed  of  groups  of  bast-fibres  and  stone-cells  with  U-shaped  thicken- 
ings ;  in  CalycafUhuSf  on  the  other  hand,  there  are  invariably  isolated  groups 
of  bast-fibres.  The  stone-cells  with  U-shaped  thickenings  afford  an  important 
diagnostic  character  of  the  Order,  since  they  also  occur  in  Calycanthus. 

3.  Structure  of  the  Axis.  According  to  Van  Tieghem  the  anomalous 
structure  of  the  axis  (occurrence  of  four  cortical  vascular  bundles  with  inversely 
orientated  wood  and  bast)  is  not  the  same  in  the  two  genera  belonging  to  the 
Order.  In  Chimonanthus  the  normal  vascular  ring  (stde)  has  a  quadrangular 
outline,  and  the  primary  cortex  is  normal ;  the  cortical  vascular  bundles  lie 
in  the  parenchymatous  pericycle  on  the  inner  side  of  strongly  developed  groups 
of  pencyclic  fibres ;  the  cortical  '  bundles '  actually  consist  of  two  strands. 
In  Calycanthus^  on  the  other  hand,  the  stele  is  cylindrical,  but  the  primary 
cortex  has  thickened  angles  ;  the  vascular  bundles,  which  here  consist  only  of 
a  single  strand,  lie  in  the  inner  portion  of  the  primary  cortex. 

Literature:  Lloyd  Williams,  Sieve  tubes  of  Calycanthus  occidentalism  Ann.  of  Bot.,  viii,  1894, 
V^  367-7o.--Biermann,  5lzeUen,  Diss.,  Bern,  1898,  pp.  58, 59. — Pitard,  Pericycle,  Th^,  Bordeaux, 
iQOi,  p.  83. — Van  Tieghem,  Tige  des  Calycanth.,  Ann.  sc.  nat,  s^r.  8,  t.  xix,  1904,  pp.  305-ao ; 
also  BuU.  Mus.  dliist  nat.  1904,  p.  68  et  seq.— Van  Tieghem,  M^ristMes  corticalei^  Ann.  sc  nat* 
sA-.  9,  t.  i,  1905,  p.  4a 

MAGNOLIACEAE  (pp.  27-31). 

I.  In  the  Review  of  Anatomical  Features  the  following  additions  or 
modifications  are  necessary.  The  clothing  hairs  are  mostly  multicellular  and 
miiseriate;   in  some  cases  (species  of  Magnolia  and  Michdia)  they  are  uni- 
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cellular.  Tufted  hairs  with  i'2-celled  rays  are  found  in  Magnolia  faseicuUUa^ 
Farm.  The  statement  as  to  the  absence  of  a  sclerenchsrmatous  ring  in  the 
pericycle  is  incorrect,  for  not  uncommonly  there  is  a  continuous  or  intettupted 
composite  ring  of  sclerenchyma  in  place  of  the  isolated  groups  of  bast-fiores. 
The  genus  Zygogynum  agrees  with  Drimys  in  having  no  vessels,  and  in  the 
structure  of  the  wood  resembling  that  of  the  Coniferae. 

2.  Structure  of  the  Leaf.  Papillose  differentiation  of  the  lower  epi- 
dermis is  also  found  in  Magnolia  ferru^tnea^  Farm,  and  in  Drimys  retorta^  Miers, 
but  not  in  £>.  granalensis^  Mut.,  as  was  mcorrectly  stated  on  p.  28.  A  continuous 
one-layered  hjrpoderm  on  the  upper  side  of  the  leaf  has  also  been  demonstrated 
in  Magnolia  Camfbelli^  Hook,  f .  et  Thoms.,  M.  fasciculaia.  Farm.,  M.  ovaia. 
Farm.,  M.  xeropnila^  Farm.,  Talauma  inflata^  Farm.,  Michelia  calcuUensis^ 
Farm.,  M,  Kisopa^  B^ch.-Ham.,  M.  tnoniana^  BL,  M.  ovalifolia^  Wight,  Man- 
glidia  insignis,  BL,  M.  pilosa.  Farm.,  Drimys  brasiliensiSf  Miers  and  D,  grana- 
iensiSf  Mut. 

Secretory  cells  are  also  present  in  the  mesophyll  and  in  the  cortex  in 
Zygogynum.  According  to  Parmentier,  the  secretory  organs,  described  as 
mucflaginous  cells  by  Blenk, '  Lacunes  k  gomme '  by  Vesque,  resinif  erous  inter- 
cellular spaces  by  D'IppoUto,  and  '  Canaux  gummif^res '  by  Farmentier,  are 
found  qmte  generally  m  the  Schizandreae  in  the  bast  of  the  larger  veins  of  the 
leaf. 

Branched  sclerenchyma-cells  also  occur  in  the  mesophyll,  though  this  is 
exceptional,  e.g.  in  the  spongy  tissue  in  Drimys  rdorta^  Miers.  In  certain 
species  of  Zygogynum  stone-cdls  have  been  obswved  in  the  mesophyll,  whilst 
in  certain  species  of  Drimys  and  Zygogynum  there  are  zones  of  more  strongly 
thickened  and  lignified  mesophyll-cedls. 

Special  mention  should  also  be  made  of  the  occurrence  of  clustered  crystals 
in  the  epidermal  cells  in  a  new  species  named  Magnolia  echinina  by  Farmentier. 

3.  Structure  of  the  Axis.  With  reference  to  the  structure  of  the  pith, 
we  may  add  that  incomplete  diaphragms  composed  of  stone-cells  occur  in 
Drimys  Howeana,  F.  v.  Miill.,  and  that  stone-cells,  isolated  or  in  groups,  are 
not  uncommonly  foimd  in  the  Wintereae. 

Wood  resembling  that  of  the  &)nifers  in  structure  has  recently  been 
demonstrated  by  Van  Tieghem  in  almost  all  the  known  species  of  Drimys  ^ 
(with  the  single  exception  of  D.  uniflora^  Turcz,  which  he  was  unable  to 
examine),  and  by  me  and  Van  Tieghem  in  Zygogynum.  A  certain  number 
of  the  species  are  further  characterized  by  the  presence  of  scalariform  bordered 
pits  on  the  tracheids  of  the  spring-wood.  The  exceptions  quoted  by  Farmentier, 
viz.  Drimys  Molleri  and  D.  vascularis^  both  of  which  possess  vessels  in  the 
wood,  are  certainly  not  members  of  the  genus  Drimys. 

In  the  development  of  the  cork  the  pheUogen,  according  to  Farmentier, 
arises  quite  generally  in  the  subepidermal  layer  of  cells  in  species  of  Magnolia^ 
Talauma^  Michelia,  Manglidia,  Liriodendron,  Illicium,  Drimys  and  Schizandra. 
According  to  Van  Ti^hem  and  Douliot,  however,  the  cork  in  Drimys  develops 
in  the  epidermis  (and  not  subepidermally).    The  pericycle  contains  either 


'  It  may  be  mentioned  here  that  owing  to  the  peculiar  structure  of  the  wood  Van  Tieghem 
unites  the  genus  Drimys,  which  he  moreover  subdivides  into  five  genera  (Drimys,  Winiera,  Bubhia, 
Beiliolum,  and  Exos^rmum),  with  Zygogynum,  as  well  as  Trochodendron  and  Tetracentron  (see 
the  note  under  Trochodendraceae)  to  form  a  special  taxonomic  group,  the  Homoxylto,  as  opposed 
to  the  rest  of  the  Dicotrledons  (Heteroxylees). 

It  may  also  be  pouted  out  that  Dlppolito's  statement  to  the  effect  that  tracheids  only  and  no 
vessels  are  present,  at  any  rate  in  the  later  growth  of  the  wood,  in  species  oilUicium^  Liriodendron, 
Magnolia,  Michelia^  and  Talauma,  is  without  doubt  incorrect  I  have  recently  examined  the  wood 
from  thick  pieces  of  the  stem  of  Liriodendron  tuiipifera  and  Magnolia  grandifhra,  and  have  met 
with  vessels  having  characteristic  scalariform  perforations. 
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a  composite  and  continuous  sclerench3niiatous  ring  (Magnolia  pro  parte, 
Talauma,  Michelia  pro  parte,  Drimys  pro  parte),  or  isolated  groups  of  bast- 
fibres  {Magnolia  pro  p^e,  Michelia  pro  parte,  ManglieUa,  Liriodendron^ 
nudum,  Drimys  pro  parte,  Schizandra^  Kadsura,  Zygogynum),  between  which 
there  are  sometimes  groups  of  stone-cells,  so  that  an  interrupted  and  composite 
mechanical  ring  is  formed.  For  further  details  regarding  the  differentiation 
of  the  sderenchymatous  ring  in  Magnolia  and  Talauma  see  also  Pitard,  loc.  cit. 
Secondary  hard  bast  showing  varied  differentiation  is  also  present  in  species 
of  Talauma,  Michelia,  ManglieHa,  lUicium  and  Drimys,  while  in  the  Schizan- 
dreae  the  bast  includes  omy  the  crystal-sclerenchyma,  described  on  p.  29; 
similar  elements  may  also  occur  in  the  primary  cortex  and  in  the  pith  \ 

Literature :  Wijnaendts  Francken,  Sdereiden,  Diss.,  Utrecht,  1890,  pp.  36-40. — Brandt,  Weoig 
bek.  Rmden,  Diss.,  Domt,  1894,  p.  ai  et  seq. — [Matsada,  Anatomy  of  Majgpol.,  Jonm.  Coll.  Sc. 
Imp.  Uniy.  Japan,  ▼!,  1894,  p.  115  et  seq.] — Paimentier,  Hist.  d.  Magnol.,  Si  Giard,  Bull  sdentif. 
de  la  France  et  de  la  Belgique  2*j,  1890,  pp.  159-337  and  pL  Tiii-zi. — Biermann,  5lzellen,  Diss., 
Bern,  1898,  pp.  44-7. — Solereder,  Cercidiphyllum^  Ber.  dentsch.  bot.  Gesellsch.  1899,  pp.  396, 39^. — 
Van  Ti^hem,  Homoxylto,  Jonm.  de  bot.  1900,  separate  copy,  68  pp. — D'Ippolito,  Canle  delle 
Magnol.,  Malpighia,  xv,  1901,  pp.  438-60. — Pitard,  P^ricyde,  Th^  Bordeaux,  1901,  pp.  103,  104. 
— Baigagli-Petnicci,  Legnami,  Malpighia,  190a,  p.  a94  {TeUaunuC), — Simon,  Wintei;^riine  Gew., 
Ber.  dei^ch.  bot.  Geselbch.  190a,  p.  a4i. — Strasbni|;er,  Drimys  WinUri^  Flora,  1905,  £rganz.-Bd., 
pp.  317,  318. — [Moll  and  Janssonins,  Mikrographie  des  Holzes,  Leiden,  1906,  pp.  80-106  {Talauffia, 
Magnoiia,  Man^ietia^  MUheHa),'] — ^Picdoli,  Lqgnami,  Bull.  Siena,  1906,  pp.  127  and  148. — 
[Holtermann,  Emfluss  d.  Klimas,  1907,  p.  117  {Imchelia),'] 


TROCHODENDRACEAE  (pp.  31-34)'. 

1.  To  the  statements  made  in  the  Review  of  Anatomical  Features  the 
following  additions  are  necessary.  In  Euptdea  simple  uniseriate  clothing  hairs 
generally  occur  on  the  yoimg  leaf  ;  these  hairs  consist  of :  (a)  a  basal  cell,  or 
several  short  basal  cells,  showing  local  biseriate  arrangement ;  and  (b)  one  or 
several,  more  elongated,  terminal  cells  with  wide  lumina.  Arm-palisade 
parenchyma  is  present  in  Euptdea  polyandra,  S.  et  Z.  and  £.  pleiosperma. 
Hook,  f .  et  Th. 

2.  Structure  of  the  Leaf.  The  lower  epidermis  in  the  leaf  of  Euptdea 
pleiosperma,  like  that  of  certain  other  members  of  the  Order,  shows  papillose 
differentiation. 

The  caoutchouc-cells  in  the  leaf  of  Eucommia  axe  generally  found  in  the  veins 
(in  the  bast  of  the  vascular  bundles,  and  in  the  ground-tissue),  but  they  sometimes 
also  penetrate  into  the  mesophyll,  where  they  ultimately  terminate  with  swollen 
ends.  In  the  root  of  Eucommta  these  caoutchouc-cells  are  present  in  the  bast 
and  in  the  neighbouring  pericydic  region. 

3.  Structure  of  the  Axis.  Subepidermal  development  of  the  cork  is 
also  found  yi  Trochodendron  and  Tdracentron, 

Liteiatnre:  Parmentier,  in  Giard,  Ball,  sdent.  de  la  France  et  de  la  Belgique  27,  1896,  p.  318 
et  seq. — Solereder,  CircitUphyllumy  Ber.  deutsch.  bot.  Gesellsch.  1899,  PP>  4<^>  401.— Van  Tieghem, 
Homoxvl6»,  Jonrn.  de  bot.  1900,  separate  copy,  pp.  5  and  63. — Barthelat,  Laticiferes  de  V Eucommia, 
Jonm.  de  bot.  1900,  pp.  55-9. 


*  Perrot*!  statement  (Tissu  cribl^,  Th^.  Paris,  18^,  p.  144)  as  to  the  occurrence  of  secondary 
bundles  of  wood  and  bast  in  the  primary  cortex  of  the  Schizandreae  is  incorrect. 

*  In  retaining  this  Order  I  am  guided  solely  by  practical  considerations.  Recent  investigations 
(see  Solereder,  loc.  cit,  and  Hallier,  in  Beih.  Bot.  CentralbL  1903,  p.  247  et  seq.)  have  shown  that 
the  genera  CereidtphyOum,  Eupielea,  and  Eucommia  must  be  transferred  to  the  Hamamelidaceae, 
and  Tetracentron  to  the  Magnoliaceae.  Harms'  recent  interpretation  of  the  floral  features  of 
Cercidipfyilum  (£rganz.-Heft  ii  to  Teilen  ii-iv  of  the  Natiirl.  Pflanzen£am.  1906)  in  no  way  alters 
my  Tiews  regarding  this  genus. 
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ANONACEAE  (pp.  34-39). 

1.  The  Review  of  Anatomical  Features  in  the  first  place  requires 
amplification  as  regards  the  hairy  covering.  Shorty  simple,  unicellular  tri- 
chomeis  occur  (PolydUhia  hypoleuca^  Hook.  f.  et  Th.),  but  are  rare.  Stellate 
or  tufted  hairs  have  also  been  recorded  in  EUipeia^  and  peltate  hairs  also  in 
Meiocarpidium.  Spicular  cells  traversing  the  leaf  in  the  vertical  direction  are 
also  found  in  HeUropdalum  brasiliense,  Benth.»  whilst  sclerenchymatous  fibres 
running  freely  in  the  mesophyll  are  also  present  in  certain  species  of  AsteratUhe, 
HeUropekdumj  Sageraea,  and  UvariaK  Lastly,  we  may  mention  hei^  the 
occurrence  of  brown  middle  layers  in  the  dry  leaf  in  species  of  Popowia  and 
MezeUia. 

2.  Structure  of  the  Leaf.  The  reinvestigation  of  the  anatomy  of  the 
leaf  in  numerous  African,  American,  and  Asiatic  species  by  Beyer  *  has  con- 
siderably increased  our  knowledge  of  the  structure  of  the  leaf  in  this  Order. 
With  regard  to  this  subject  and  the  special  types  of  differentiation  of 
the  epidermis,  Beyer's  treatise  should  be  consulted.  The  following  features 
presented  by  the  integumentary  tissue  are  of  systematic  importance:  formation 
of  papillae  on  the  lower  epidermis  in  conjunction  with  the  development  of 
cuticular  ridges  connecting  the  papillae  with  one  another  occurs  m  Anona 
dauca,  Schum.  et  Thonn.,  Cleistopholis  glauca^  Pierre,  C.  StaucUii^  Engl,  et 
Diels,  and  Enantia  Kummeriae,  Engl,  et  Diels ;  a  multiseriate  (mostly  two- 
layered)  epidermis  is  present  in  certain  species  of  Anona^  Cleistopholis^  EUipeia^ 
Miliusa^  Mitrephora,  Pachypodanthium,  and  Xylopia  * ;  palisade-like  elonga- 
tion of  the  epidermal  cells  is  also  found  in  Uvaria  gabonensis,  Engl,  et  Dids ; 
finally  gelatinization  of  the  epidermis  has  only  been  observed  in  HeUropdalum 
brasiliensey  Benth.  According  to  Beyer  (loc.  cit.,  p.  545),  all  the  species  which 
he  examined  appear  to  have  stomatawith  subsidiary  cdls  parallel  to  the  pore. 

According  to  Beyer,  mechanical  elements  are  abundant  in  the  veins; 
vertical  transcurrence  of  the  latter  by  means  of  hard  bast  is  also  found  in  the 
genera  AnonUy  EUipeia^  HexalobuSy  tsoloma^  Miliusa,  Miirephora^  Polycerato- 
carpusy  Sageraea,  Uvaria  and  Xylopia. 

Beyer  found  that  the  secretory  cells  were  present  throughout.  Stenanthera 
2abonensiSy  Engl,  et  Diels  is  especially  characterized  by  having  two  superposed 
layers  of  secretory  cells  in  the  spongy  tissue.  In  Xylopia  tenmfoUa  the  walls 
of  the  secretory  cells  exhibit  stratincation.  The  branched  spicular  cells  and 
the  spicular  fibres  found  in  the  mesophyll  have  already  been  mentioned  above 
(see  imder  i). 

Beyer  reinvestigated  the  crystals  of  oxalate  of  lime,  which  afford  important 
characters  for  systematic  purposes.  According  to  him  also  the  occurrence 
of  solitary  and  clustered  crystals  of  oxalate  of  lime  in  the  epidermis  of  the 
leaf  is  an  important  ordinal  character.  In  other  respects  Beyer  did  not  find 
in  all  cases  that  the  older  statements  of  Borodin  were  quite  correct ;  it  will 
therefore  be  best  to  reproduce  in  the  following  paragraphs  Beyer's  review  of 


*  The  species  in  which  Beyer  has  recently  met  with  spicnlar  fibres  are  as  follows:  Anona 
glauca,  Schum.  et  Thonn.,  A.  sincgaUttsis,  Pers.;  Asteranthe  AsteriaSy  Engl,  et  Diels;  Guatteria 
australis,  St.  Hil.,  G.  Sei/oTtnana,  Schlecht.,  G,  viliosissima^  St.  Hil. ;  Hettropetaium  brasiliemey 
Bcnth. ;  Sagertua  elliptica^  Hook.  f.  et  Th. ;  Uvaria  Afulii,  U.  angoUnsis,  Wclw.,  U.  tajffra^ 
E.  Mey.,  U,  ceyianica,  U,  C/.  Diftklagii,  Engl,  et  Diels,  U.  Kirkii,  Oliv. 

'  Beyer's  investigations  extend  to  nomerons  species  belonging  to  forty  genera. 

'  These  are :  Anona  ^lauca^  A,  JClainoi,  Pierre,  A,  palustris,  L,  A.  senogulimis,  Pers.,  A. 
squamosa,  L.;  Cieistophoiis  albida^  Engl,  et  Diels  (with  a  typical  two-layered  epidermis  according 
to  Beyer's  figure) ;.  Ellipeia  kptoppda.  King ;  Miliusa  indua,  Lesch. ;  Mttnphora  Maingayi^  King  ; 
Pachypodoftthium  confitu,  EngL  et  Diels;  Xylopia  oithiopica,  A.  Rich.,  X  afritana,  Oliv. 
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the  natureandmode  of  occurrence  of  the  crystals  in  the  upper  epidermis-^of  the 
leaf:"-\  ■.- '■   \  •  ^  ■ .  ■-'•     -'■ 

(a)  All  the  cells  of  the  epidermis,  or  only  isolated  cells  containing  each  a  single 
clustered  crystal : — Anaxagoreat  Anona^  Anonidium^  ArtabotrySy  Asteranthe^  Cleisto- 
pholiSf  Duguetia,  EuponuUia,  Goniothalamus^  Meter opetaium^  Hexalobus,  Meiocar- 
pidiufn,  Monodora,  PachypodatUhiumf  PolycUthia,  Popowia,  RoUinia,  Unona,  Uvaria^ 
Xylopia.  (Exceptions :  Monodora  Preussii,  EngL  et  Diels-Mdustered  and  solitary 
crystals  $  Popowia  elegans^  EngL  et  Diels— clustered  crystals  in  upper,  sdlitanr 
crystals  in  lower  epidermis ;  Xylopia  africana,  Oliv. — occasional  solitary  crystals 
in  both  upper  and  lower  epidermis.) 

(aa)  Clustered  and  soUtary  crystals: — Bocagea  (with  round  crystal-cells), 
EUipeia,  GuaUeria. 

{b)  Cells  of  the  epidermis  (usually  all  of  them)  containing  each  a  soUtary 
crystal: — Enantia,  Melodorum,  Miliusa,  Sageraea  (not  all  the  ceUs  in  this  case), 
Uvariopsis. 

(bo)  Solitary  crystals  chiefly  present  in  the  epidermal  cells  of  the  veins,  also 
in  scattered  cells  in  the  rest  of  the  epidermis : — Alphonsea,  Ephedranthus,  Mitre- 
phora. 

{c}  Crystals  not  observed: — Cananga,  Isdoma^  Mezettia^  Oxymitra^  Poly- 
ceratocarpus,  Stenanthera, 

In  investigating  the  hairy  covering  Beyer  met  with  trichomes  of  a  type 
new  to  the  Order,  viz.  the  unicellular  clothing  hairs  mentioned  above  (see 
section  i).  According  to  the  same  authority  uniseriate  clothing  hairs  are 
widely  distributed  in  the  Order  {Anona,  Asteranthe,  Cananga,  Enaniia^  Epke- 
dranthus,  Goniothatamus,  Guatteria,  Hekropetalum,  Hexcdobus,  Mdodorum, 
MiUusa^  Oxymitra,  Piptostigfna,  PapowiOf  RoUiniaj  Unona,  Uvaria  {Asimina 
and  Sect.  Uvariodendron)^  Xylopia).  They  consist  of  two  or  three  cells,  of  which 
the  terminal  cell  is  invariably  longer  than  the  others,  and  sometimes  {Anona, 
RoUinia)  of  remarkable  length.  Stellate  or  tufted  hairs  also  occur  in  species 
of  EUipdaj  whilst  peltate  hairs  ^  are  also  found  in  Meiocarpidium  lepidotum, 
Engl,  et  Diels.  The  rays  of  the  tufted  hairs  in  Uvaria  lurida.  Hook,  f .  et  Th. 
(sphalm.  'lucida'  in  Beyer's  paper)  are  multicellular  and  uniseriate  owing  to  the 
presence  of  one  or  more  division-walls,  a  point  which  I  am  able  to  confirm. 

3.  Structure  of  the  Axis.  According  to  recent  investigations  stone- 
cells  are  very  conmionly  present  in  the  pith ;  they  are  but  rarely  absent 
{Asimina  and  Monodora  besides  Eupomatia),  Well-developed  diaphragms 
composed  of  stone-cells  are  also  foimd,  for  example,  in  species  of  Goniothalamus, 
GuaUeria^  Hexalobus,  Mdodorum,  Popowia,  and  Stenanthera. 

With  regard  to  the  structure  of  the  wood  and  cortex,  Beyer  confirms  the 
anatomical  characters  which  I  pointed  out  as  important  in  the  diagnosis 
of  the  Order,  for  the  material  which  he  investigated.  Stone-cells  are  of  occa- 
sional occurrence  in  the  bast,  but  never  show  such  a  regular  arrangement  as 
in  the  cortex  of  Guatteria  villosissimay  St.  Hil.,  described  by  Moller.  Beyer 
demonstrated  superficial  development  of  the  cork  also  in  Cleistopholis  and 
Uvariopsis. 

We  may  add  that  the  species  of  Melodorum  examined  by  Beyer  agree  with 
the  species  described  by  Schenck  in  having  normal  structure  in  the  stem. 

Literatiire:  Borgesen  og  Paulsen,  Veget  dansk-yestind.  5er,  Bot  Tidsskrift,  xxii,  1808-9, 
PP*  5^1  h^  {Anona  palustris). — Pitaid,  P^cyde,  These,  Bordeaux,  1901,  p.  104. — ^Arescboog, 
Mangroyepfl.,  Bibl.  bot..  Heft  56,  190a,  p.  63  and  Tab.  vii. — Bargagli-Petrucci,  Legnami,  Malplghia, 
190a.  p.  395  {Xylopia). — H.  Beyer,  Anatomic  der  Anonaceae,  insbes.  d.  afrikan.,  in  Engler,  Bot. 


'  Beyer  doubts  the  correctness  of  O.  Bachmann's  statement  as  to  the  occurrence  of  peltate  hairs 
in  Anona  furfuracea,  St.  Hil.,  or  the  correct  determination  of  the  plant  examined  by  Bachmann; 
bQt  in  this  he  is  wrong.  In  Martins,  Fl.  brasil.,  xiii,  i,  p.  8,  we  find  the  following  statement  with 
reference  to  this  species:  'folia .  . .  supeme  pardus  lepidota,  pilis  stellatis.'  Whether  the  species 
belongs  to  the  genus  Anona  is  a  different  question. 
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Jahrh.,  nxi,  1002,  pp.  516-55 ;  see  also  Eogler,  Monogr.  afiikmn.  Pflannftifam.  :Ti.  Anomioeae,  1901. 
— Aieschong,  Trop.  ▼ixt  bladbjggn^  Sv.  Vet  Akiui.  Handl.  39,  n.  a,  1005,  pp.  ia6-|0  {Anma, 
Artabotrys\  pp.  143-4  and  Tab.  xxi-xxii  {Gpnioihalam$u\  waA  pp.  156-8  {Cyatk^mlyx).^\¥ot 
additional  literature  see  p.  1164^] 

MENISPERMACEAE  (pp.  39-43). 

1.  In  the  Review  of  the  Anatomical  Features  the  following  correc- 
tions or  additions  are  necessary.  A  uniform  and  characteristic  type  of  stoma 
is  not  present.  In  the  axis  the  pericycle  sometimes  (Cissampelos  fasdculata, 
Benth.)  contains  no  sclerenchymatous  elements.  Secretory  sacs  of  varying 
length,  Ixodes  occurring  in  Anamirta^  &c.,  have  been  recorded  in  the  genera 
AtberHsia^  Antixoma^  Calycocarpum  {?)^  Chastnanthera^  Cocctdus^  Desmonema, 
Disdphania^  FawceUia^  Fibraurea^  Hypsipodes^  Kolobopetalum^  Parabaena^ 
Pericampylus  (?),  Syniriandrium^  Tiliacora,  Tinomiscium  and  Tndisia,  whilst 
open  intercellular  secretory  spaces  have  been  shown  to  be  present  in  certain 
species  of  Anamosfermwn,  Miersiophyton  and  Tinospora.  Anomalous  struc- 
ture of  the  axis  (viz.  the  occurrence  of  secondary  vascular  bundles  in  various 
regions)  has  recently  been  stated  to  occur  also  in  species  of  Chasmanthera, 
Menisfcrmum,  and  SUphania,  Oxalate  of  lime  is  deposited  in  the  following 
special  forms :  large  ordinary,  solitary  crystals  in  the  veins  of  the  leaf  in 
Durasaia^  Chasmanthera^  Chlaenandra,  FawcetHa^  Hypsipodes,  Kolobopeialum, 
Leichhardiia^  SytUriandrium,  Tinospora ;  rather  large  crystals  resembling  styloids 
and  situated  in  the  leaf  in  pairs  of  epidermal  cdls  and  in  the  palisade-tissue 
in  Leickhardtia  clamboides^  F.  v.  Miill. ;  large  clustered  crystals  in  species  of 
Chandrodendron  and  Syrrhonema^  smaller  crystals  of  this  type  in  species  of 
Macrococcidus  and  Pericampylus.  The  trichomes  of  the  Menispermaceae  are 
either  tj^ical  clothing  hairs  or  hairs  of  a  glandular  nature.  No  member  of  the 
Order  has  been  found  to  have  exclusively  unicellular  clothing  hairs.  The 
typical  clothing  hairs  for  the  most  part  consist  of  two  cells,  a  short  basal  cell  and 
a  long  terminaJ  cell.*  Uniseriate  clothing  hairs  composed  of  more  than  two 
cells  have  been  observed  only  in  species  of  Anamirta,  Arcangdisia,  Calycocarpum, 
CkasmatUhcra,  Coscinium^  Disciphania^  Heptacydum^  Menispermum  (together 
with  fwo-celled  hairs),  Parabaena^  StephaniOy  Tinospora  (here  accompamed  by 
unicellular  hairs).  Besides  the  glandular  shaggy  hairs  of  Jateorhiza  we  may 
mention  the  following  types  of  glandular  hairs :  the  small  unicellular,  ellip- 
soidal or  club-shaped  trichomes  present  in  species  of  Kolobopdalum,  Miersio- 
phyton and  Tinospora ;  and  the  longer  uniseriate  trichomes  found  in  species  of 
Calycocarpum  ana  Parabaena,  The  imicellular  hydathodes,  first  recorded  by 
Haberlandt  in  Anamirta^  are  also  foimd  in  Arcangdisia.  Peculiar  small  rosettes 
of  silicified  cells  occur  in  the  epidermis  of  the  leaf  in  Coscinium  Blumeanum, 
Miers.  We  may  add  the  following  special  features  presented  by  the  leaf 
in  certain  species  to  the  enumeration  ^ven  in  the  earlier  portion  of  this  work : 
the  papillose  or  sclerotic  differentiation  of  epidermal  cells ;  the  very  rare 
occurrence  of  a  hypoderm  or  of  a  locally  two-layered  epidermis ;  the  very 
rare  arrangement  of  the  stomata  in  groups  ;  the  occurrence  in  the  mesophyU 
of  arm-paUsade  tissue  (scarcely  typically  differentiated),  and  of  spicular  cdls 
differentiated  as  hairs  or  assuming  soitie  other  form  ;  the  presence  of  tubular 
cells  filled  with  siliceous  substance  at  the  ends  of  the  veins,  &c. 

2.  Structure  of  the  Leaf^    Recent  investigations  have  shown  that 


^  Recent  researches  on  the  structure  of  the  leaf,  the  results  of  which  lie  before  me  in  manuscript, 
have  been  canied  out  under  my  guidance  by  K.  Kraflft,  who  continued  Auer's  uncompleted  investiga- 
tions (see  the  earlier  part  of  this  worlc,  p.  40,  footnote).  KraiTt*s  researches  extend  to  the  follow- 
ing genera,  which  are  enumerated  according  to  Engler  and  Prantl's  system :  I.  Cocculeae :  Afini- 
s/ermum,  PeruampyluSy  Sarcopeialum^  Cocculns,  Diploclisia^  Stipkania^  Antisoma,  Cissampehs, 
Peraphora^  Cyclea,    Tiliacora^  Abuta\    II.    Tinosporeae:    Husemmmia,  Jattorhita^   Tinospora, 
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bifacial  structure  of  the  leaf  is  far  more  widely  distributed  than  centric.  The 
palisade  and  spongy  tissue  show  a  very  varied  type  of  differentiation.  Krafft 
records  the  presence  of  marginal  pits  in  the  epidermis  in  species  of  Ahuta^ 
Addiopsis,  Anomospermum^  Arcat^elisu^  Bania^  Cocculus^  FawceUia,  Hepia* 
cydum,  Husemannta^  Hyperbaena^  Limacia,  Macrococculus^  Pachygone  and 
PyanarrhenOy  where  he  found  them  in  nearly  all  cases  on  both  sides  of  the  leaf, 
while  in  A  deliopsis  they  are  confined  to  the  upper  epidermis.  In  the  course  of  the 
recent  investigations  gdatinization  of  isolated  epidermal  cells  has  not  been 
observed  in  any  species.  But  subepidermal  layers  of  mucilage  similar  to  those 
described  byAuer  inAnomospermum  reticulatum  are  rather  widely  distributed; 
each  patch  of  mucilage  is  derived  from  the  inner  walls  of  a  group  of  upper  epi- 
dermal cells  and  the  adjacent  walls  of  the  uppermost  layer  of  palisade-ceUs ;  this 
feature  is  found  in  AddiopsiSy  Anomospermum  pro  parte,  Cissatnpdos  pro  parte, 
Cydea  pro  parte,  Limacia  pro  parte,  and  Stephania  pro  parte.  Epidermal  cells 
of  exceptional  size  are  stated  by  Krafft  to  occur  in  Antizoma  and  Cocculus  pro 
parte,  especially  on  the  upper  side  of  the  leaf  ;  the  same  author  mentions  the 
presence  of  sclerotic  epidermal  cells  situated  over  the  veins  on  both  sides  of 
the  leaf  in  Anomospermum  retictdatum^  Eichl.,  Hyperbaena  laurifdia^  Urb.  and 
Tridisia  loucaubensis^  Baill.  Papillose  differentiation  of  the  epidermis  in  the 
leaf  has  also  been  observed :  (a)  on  both  sides  in  AnHzoma  calcarifera^  Miers, 
A.  lydoides,  Miers,  Cissampdos  capensis^  Thunb.,  C.  Pareira,  L.  (not  in  all  the 
forms  of  this  polymorphic  species),  Cocculus  Leaeba^  DC.  and  Stephania  rotunda^ 
Lour,  (not  all  the  cells  papillose  in  this  case) ;  (b)  on  the  lower  side  only  in 
Cissampelos  fluminensis^  Eichl.  (slightly  papillose),  C.  glaberrima^  St.  Hil.,  C. 
Pareiravfro  parte  (see  above),  Dtplodisia  macrocarpOy  Miers,  Hypsipodes  subcor- 
datuSy  Miq.,  Jaieorhiza  Columbay  Miers,  Menispermum  dauricumy  DC.  (isolated 
cells  above  the  veins),  MiersiophyUm  kamerunensey  Engl,  (isolated  cells  above 
the  veins),  Peraphora  robustay  Miers,  Stephania  abyssinicay  Walp.,  S.  discoloTy 
Spreng.,  S.  degans.  Hook.  f.  et  Th.,  S.  hernandifoliay  Walp.  and  S.  rotunday 
Lour.  Curiously  enough  there  is  no  new  recwd  of  a  species  with  hypodenn  ;  in 
Parabaena  sagittaUiy  Miers,  the  upper  epidermis  consists  locally  of  two  layers. 
A  special  type  of  differentiation  is  exhibited  by  the  upper  epidermis  in  Desmo- 
nema  paUide-auraniiacay  Engl,  et  Gilg,  both  the  outer  and  inner  walls  being 
very  strongly  thickened  and  partly  converted  into  mucilage,  and  by  the  upper 
epidermis  m  Chlaenandra  ovaUiy  Miq.,  in  which  the  strongly  thickened  outer 
walls  project  convexly  into  the  lumina  of  the  cells.  Finally,  a  distinctly 
peculiar  feature  of  the  epidermis  is  presented  by  the  small  groups  of  silicified 
cells  in  Coscinium  Blumeanumy  Miers.  They  are  situated  in  the  upper  epi- 
demu's  and  lie  immediately  above  the  sclerenchyma  of  the  smaller  vertically 
transcurrent  veins.  They  consist  of  a  small  central  cell,  which  is  rounded  in 
surface-view  and  might  possibly  be  interpreted  as  the  rudiment  of  a  hair,  and 
of  a  rosette  of  cells  with  unevenly  thickened  walls,  which  in  surface-view  have 
the  same  appearance  as  the  well-known  cystolith-like  bodies  in  the  subsidiary 
cells  of  the  trichomes  of  Lithospermum  and  other  Boragineae.  In  some  cases 
two  of  these  groups  of  silicified  cells  arc  united.  Regarding  their  function 
nothing  is  known. 

In  very  many  Menispermaceae  the  stomata  are  surrounded  by  ordinsuy 
neighbouring  cells.    A  definite  and  uniform  type  of  stoma  is  not  present.    Not 


Fawccttiay  MUrsiophyton,  Chasmanthcra,  Hypsipodes,  Desmotuma^  Parabaena^  Disciphaniay  Kolobo- 
petaluniy  SypUrUttdrium,  Calycocarpum,  Anamirta,  Coscinium,  Arcangtlisia,  Chlaenantira  \  111. 
Limacieae:  Anomospermum^  Limacia;  IV.  Pachygoneae:  Triclisia,  Heptacyclumy  Pycnarrhena, 
Aiacrfcoccuhts,  Pleogyne,  Sciadotaenia^  Albertisia,  Pachygone,  Hyperbaenay  Ckondrodendron,  De^ 
iandra,  Carronia,  Adeiiopsis,  Soma,  Syrrhonemay  Leichkardtia,  AdditioDal  recent  sUtements  on 
the  structnre  of  the  leaf  and  axis  are  further  also  to  be  found  in  Maheu  s  papers,  II.  cc. 
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uncommonly^  hbwever,  one  observes  a  tendency  for  subsidiary  cells  to  develop 
in  connexion  with  all  or  some  of  the  stomata ;  according  to  Krafft  this  is  the 
case  in  :  AU)ertisia  (subsidiary  cells  arranged  like  a  rosette),  Anamirta^  Bania 
(rosette-like  subsidiauy  cells),  Burasaia  pro  parte  (4-6  neighbouring  cells,  of 
which  one  is  placed  parallel  to  the  pore  on  either  side),  Carronia  (rosette-like 
subsidiary  celk),  Chlaenandra  (neighbouring  cells  with  thin  walls,  so  that  they 
appear  as  subsidiary  cells),  Cocculus^  Cyclea  pro  parte,  FawceUia^  Hcbtacydum^ 
Husemannia  (rosette-like  subsidiary  cells),  Hyperbaena  (subsidiary  cells  rosette- 
like in  H.  laurifolia^  Urb.),  Leichhardtia  (4-6  neighbouring  cdls,  one  being 
placed  on  either  side  of  and  parallel  to  the  pore),  Limacia  pro  parte,  Macr<h 
coccidm  (subsidiary  cells  rosette-like),  Parabaena^  Pleogyne^  Pycnarrhena  (narrow 
subsidiary  cells),  Sarcopetalum.  In  Macrococculus  pomifcrus,  Becc.  several 
pairs  of  guard-cells  with  their  subsidiary  cells  together  form  stomatal  groups, 
separated  from  one  another  by  rows  of  ordinary  epidermal  cells,  without 
stomata  and  differently  shaped.  The  only  additional  record  of  the  occurrence 
of  stomata  on  the  upper  side  of  the  leaf  is  in  AnUzatfUi  pro  parte. 

Ilie  previous  statements  r^arding  the  structure  of  the  meBophyll 
require  the  following  additions.  The  thickenings  and  swellings  confined 
to  certain  portions  of  the  wall  in  cells  of  the  palisade  and  spongy 
tissu<»,  first  recorded  by  Auer  in  Stephania  hemandifoUa^  are  stated  by  Krafft 
to  occur  in  Addiopsis^  Carronia^  Cissatnpdos,  Cocadus  pro  parte,  CydeOy 
Limacia  pro  parte,  Pachygone,  Pericampylus^  Stephania  and  Syrrhonema. 
The  pMisade-tissue  in  Disdphania  lobata^  Eichl.  is  composed  of  a  single 
layer  of  short  ceUs,  end  shows  slight  differentiation  as  arm-palisade-tissue.  In 
certain  si>ecies  a  part  or  the  whole  of  the  spongy  tissue  has  thick  walls,  which 
dre  then  in  most  cases  lignified ;  this  feature  is  found  in  Albertisia  papuana^ 
Becc,  Anamiria  Cocadus,  Wight  et  Am.,  Bania  thyrsiflora,  Becc,  Husemannia 
protensa,  F.  v.  Miill.  and  Parabaena  sagittata,  Miers.  Mechanical  elements  are 
also  firequently  developed  in  the  mesophyll.  The  following  types  are  found : 
isolated  palisade-ceUs  resembling  idioblasts,  and  strongly  thickened,  but  with 
wide  lumina,  in  Cosdnium  Blumeanum,  Miers  ;  isolated  sclerosed  cdls  belong- 
ing to  the  spongy  tissue  ot  entire  layers  of  such  cells  near  the  lower  epidermis 
in  AInUa  concohr,  Poepp.  et  Endl. ;  branched  stone-cells  in  the  neighbourhood 
of  the  vascular  bundles  of  the  larger  veins  in  Chlaenandra  ovata,  Mi<|. ;  slightly 
or  considerably  developed  branches  of  the  sderenchyma  of  the  veins,  though 
not  typically  fibrous,  m  the  mesophyll  in  Abuia  concolor,  Poepp.  et  Endl., 
Chondrodenaron  platyphyllum  (Miers),  and  Detandra  patainsis  (Eichl.) ;  spicular 
fibres,  which  branch  off  from  the  sderenchyma  of  the  veins  into  the  mesophyll, 
in  Anamirta  Cocculus,  Wight  et  Am.  and  Arcangdisia  lemniscata^  Becc. ; 
girder-shaped  spicular  cells,  which  traverse  the  entire  thickness  of  the  leaf -tissue 
from  one  epidermis  to  the  other,  in  Heptacydum  Zenkeri,  Engl,  (where  they 
have  wide  lumina,  and  are  sac-like,  often  dichotomously  divided,  and  give 
off  root-like  branches  beneath  the  epidermis),  Anamirta  Cocculus  (like  fibres  and 
uhbranched),  Burasaia  gracilis,  Decnc,  B.  congesta,  Decne.  (branched  with 
transitions  to  hair-like  differentiation),  and  probably  also  in  Tinomiscium 
rdiculatum,  Miers  ('  piliers  *  according  to  Maheu) ;  girder-like  spicular  cdls, 
which  essentially  belong  to  the  palisade-tissue  only,  branch  beneath  the 
upper  epidermis,  and  give  off  rays  into  the  spongy  tissue,  while  they  show 
transitions  to  hair-like  differentiation,  in  Adeiiopsis  decumbens,  Benth.  (sub- 
epidermal rays  penetrating  the  subepidermal  layer  of  mvLcQs^)^  Burasaia 
madagascariensis,  DC,  and  Limacia  cuspidata.  Hook.  f.  et  Th.  (Cuming, 
No.  1252,  PhiUppines,  subepidermal  rays  penetrating  the  subepidermal  layer 
of  mucilage) ;  lastly,  spicular  cdls  differentiated  like  hairs  in  the  spongy  tissue 
in  Adeiiopsis  decuinbens  (star-shaped),  Anomospermum  japurense,  Eichl.  (with 
few  rays),  Limacia  cuspidata  and  L.  microphylla,  Miq.  (star-shaped). 
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The  vascular  bundles  of  the  veins  are  in  most  cades  accompanied  by  well- 
developed  sclerenchymatous  tissue.  According  to  Krafft»  exceptions  to  this 
rule  are  found,  especially  in  Afdizonuiy  Cissatnpdos  pro  parte,  Desnumetna, 
DtplocUsia,  Discipkania,  Miersiophytan,  Stephania  vfro  parte  and  Tinospora 
{MTO  parte ;  in  these  the  sclerencnyma  is  absent.  In  very  many  genera  and 
speaes  the  lateral  veins  of  the  second  order,  and  even  some  of  the  next  s^laller 
size,  tend  to  be  vertically  transcurrent  by  means  of  special  parenchymatous  or 
sclerenchymatous  tissue  accompanying  uiem.  According  to  Krafft,  the  follow- 
ing genera  and  species  may  be  espa::ially  mentioned  as  examples  of  this : 
DtpMclisia  and  Menispermum  (veins  verticallv  transcurrent  by  means  of  tissue, 
which  is  not  sderosea),  Heptacydum^  Hyperbaena^  Limacia  microphyUa^  Miq., 
Macrococcuhis,  Peraphora^  Pericampylus,  Pycnarrhena,  Sarcopetalum  and 
Tridisia  (veins  vertically  transcurrent  by  means  of  a  sclerenchymatous 
ring),  AbidOj  Anomospermum  teUcuUUum^  Eichl.,  Coscinium,  Limacia  vduHtMy 
Mi^  and  Pachygone  (veins  vertically  transcurrent  by  means  of  regular  plates 
of  sclerenchyma).  The  structure  of  the  smaller  veins  of  Chandrodendron 
piatyphyllum,  Miers  is  also  noteworthy ;  these  veins,  which  project  on  the 
lower  side,  are  vertically  transcurrent  on  the  upper  by  means  of  sclerenchyma- 
tous plates,  whilst  on  the  lower  side  a  group  of  palisade-ceUs  forming  a  single 
layer  adjoins  the  vascular  bundle. 

The  forms  in  which  oxalate  of  lime  is  deposited  are  very  numerous,  as 
may  be  gathered  from  the  previous  description.  Specially  common  types 
are  the  crystals,  varjong  in  size,  of  prismatic,  acicular,  rhombohedral  or 
other  shapes,  with  transitions  to  styloia-like  crystals  or  crystal-sand ;  other 
common  forms  are  small  or  sometimes  larger  clustered  crystals,  and  ordinary 
large  solitary  crystals.  In  most  cases  oxalate  of  lime  is  excreted  in  abundance, 
being  present  not  only  in  the  mesophyll  and  veins,  bu^  often  also  in  the 
epidermis.  The  only  cases  in  which  Krafft  found  no  oxalate  of  lime  in  the  leaf 
were  Abuia  Grisebacnii^  Tr.  et  PL,  A.  Imene^  Eichl.,  Miersiophytan  katnerunense, 
Engl,  and  Sciadotaenia  amaxonica,  Eichl.  Only  the  typical  and  principal 
forms  of  crystals  can  be  employed  for  systematic  purposes,  since  the  others  are 
frequently  connected  by  transitional  forms,  so  that  their  delimitation  becomes 
difficult.  In  the  first  place  the  occurrence  of  the  following  types  may  be 
mentioned  as  specially  unportant ;  ordinary  large  soUtary  crystals  are  found 
in  the  veins  in  Burasaia  pro  parte,  Chasmamkera^  Chlamandra,  FawceUia^ 
Hypsipodes,  Kolobopetalum^  Leickhardtia,  Syntriandriutn  and  Tinospora  \ 
somewhat  smaller  rhombohedral  crystals  are  present  in  AbtUa  pro  parte, 
Anomospermum^  Burasaia  pro  parte,  Heptacyclum^  Husemannia,  Hyperbaena 

?ro  parte,  Limacia,  Macrococculus,  Pachygone,  Pleogyne,  Pycnarrhena  and 
iUacora  pro  parte ;  rather  large,  styloid-shaped  or  pnsmatip  crystals,  v^ch 
under  a  low  magnification  give  the  appearance  of  the  vems  being  stnulated,  occur 
in  Cissampelos  pro  parte,  Cyclea  pro  parte,  DiplocUsia  macrocarpa^  Miers, 
Jateorhiza  ColunAa,  Miers,  Pericampylus  incanus,  Miers  and  Siephania ;  rather 
large  styloid-like,  mostly  geniculate,  hemitropic  crystals  are  found  in  numerous 
cem  of  the  palisade-tissue  in  Leichhardtia  clamboides,  F.  v.  Miill. ;  large  clustered 
crystals  are  present  in  the  palisade-tissue  in  the  immediate  neighbourhood  of 
the  vascular  bundles  of  the  veins  in  Chondrodendron  piatyphyllum,  Miers  and 
Syrrhonema  fascictdatum,  Miers,  smaller  clustered  crystals  in  the  palisade-tissue 
of  the  veins  in  Pericampylus  incanus,  and  small  dustered  crystals  or  aggre- 
gates resembling  clustered  crystals  singly  in  the  palisade-cells  of  Macrococculus 
pomiferus.  Tlie  epidermis,  as  mentioned  above,  frequently  contains  various 
forms  of  oxalate  of  lime.  In  Desmonema  pallide-auraniiaca,  Engl,  et  Gilg  and 
TiUacora  Wameckei,  Engl.,  in  particular,  and  also  in  Anqmirta  Cocculus  the 
epidermis  on  both  sides  is  difiEerentiated  as  a  regular  crystal-containing  armour  ; 
the  cells  in  this  case  contain  chiefly  large  rhombohedral  crystals.    Finally,  we 
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may  mention  the  paired  crystal-ceUs»  found  in  the  upper  epidermis  of  Leick- 
katdUa  clatHboides  ;  these,  hke  the  paired  crystal-cells  of  CanavaUa  vUlosa  (see 
Systematic  Anatomy,  p.  2(65,  Fig.  58,  C),  as  a  rule  contain  hemitropic  crystals 
resembling  styloids.  Krafft  met  with  sphaerocrystalline  masses  composed  of 
an  unknown  chemical  substance  in  the  lower  epidermis  of  Sarcopetalum  Harvey- 
anufity  F.  V.  Miill.  In  Arcangdisia  lemniscata  tubular  cdls  filled  with  a  ^ceous 
substance  are  found  at  the  ends  of  the  smaller  veins. 

Several  additions  may  be  made  to  the  earlier  statements  on  the  secretory 
receptacles  of  the  Menispermaceae,  which  referred  for  the  most  part  to  those 
occurring  in  the  axis.  In  the  first  place  we  may  note  that,  besides  secretory 
cells  of  varying  length  and  with  diverse  contents,  there  are  also  open  inter- 
cellular secretory  receptacles.  The  latter  are  situated  singly  in  the  meshes 
of  the  veins,  and  are  often  enclosed  by  arc-shaped  cells  of  the  spongy  tissue  ; 
Krafft  met  with  them  in  the  genus  Ttnospora  (but  only  in  T.  Ba^,  Miers), 
and  also  in  Anomospermum  japurense^  Eichl.  and  MiersiophyUm  kamerunense^ 
Engl.  The  nature  of  the  secretion  varies.  As  regards  the  distribution  of  the 
secretory  cells,  we  may  in  the  first  place  enumerate  those  genera  in  which  Krafft 
met  with  no  secretory  cells  in  the  leaf,  or  only  found  them  in  a  certain  number 
of  species  ;  these  are  :  Abuta^  Addiopsis^  Anomospermum,  Arcangdisia,  Bania, 
Calycocarpum,  Carronia,  Chlaenandra,  Chondrodendron,  Cocculus  pro  parte, 
Cosdnium,  Cydea,  Detandra,  Heptacydum,  Husemannia,  Hyperbaena,  Leicfh 
hardiia,  Limada  pro  parte,  Macrococculus,  Menispermum,  Miersiophyion, 
Pachygone,  Peraphora,  Perican^pylus,  Pleogyne,  Pycnarrhena,  Sarcopetalum, 
Sciadotaenia,  Stephania  and  Syrrhonema,  The  secretory  cells  in  the  leaf  are 
frequently  restricted  to  the  veins,  bein^  for  the  most  psurt  associated  with  the 
sclerenchyma  of  the  latter,  and  sometmies  even  embedded  in  it ;  they  then 
usuaDy  have  an  eloi!|[ated  shape,  like  the  secretory  ceUs  of  the  axis.  It  is  not  so 
common  to  find  the  secretory  cells  free  in  the  mesophyll,  where  they  occur  in  the 
form  of  rather  short  sacs  ;  when  this  is  the  case  the  veins  also  generally  contain 
short  secretory  sacs  only,  more  rarely  sacs  of  greater  length.  The  contents  of  the 
secretory  sacs  vary  p-eatly.  In  herbarimn-material  the  loujg  sacs  in  the  veins 
mostly  have  yellowish  contents,  which  after  treatment  with  eau  de  Javelle 
resemble  latex ;  sometimes,  however,  they  are  brown.  In  the  short  sacs  the 
secretion  generally  has  a  reddish-brown  colour,  but  in  some  cases  it  resembles 
gimi,  e.g.  in  A  ntizoma.  Hallier  informs  me  that  Fibraurea  possesses  white  latex. 
Maheu  has  recently  discovered  contents  resembling  caoutchouc,  and  capable 
of  being  drawn  out  into  threads  when  parts  of  the  branches  or  leaves  are  broken 
across,  in  the  secretory  sacs  of  Tinomiscium  javanicum,  Miers,  T.  pdiolare, 
Miers,  and  T.  phytocrenoides,  Kurz ;  these  sacs  are  120-150  /i  long,  and  occur 
in  the  stem  at  the  mar^  of  the  pith,  and  on  the  outer  side  of  the  arcs  of 
pericyclic  hard  bast,  and  in  the  leaf  especially  in  the  neighbourhood  of  the  veins. 
Poulsen  met  with  mucilaginous  contents  in  the  aerial  roots  of  Tinospora  crispa, 
Miers. 

Elongated  secretory  sacs  with  yellowish  or  brownish  contents  have  been  shown 
bv  Krafft  to  occur  in  the  veins  of  the  leaf  in  the  following  genera:  Albertisia, 
Anamirta,  Burasaia,  Chasmanthera,  Cissampdos  pro  parte,  Cocculus  pro  parte 
(in  most  cases),  Desmonema,  Disciphania,  FawceUia,  Hypsipodes,  Jaieorhisa,  Kohbo- 
petalum,  Limada  pro  parte,  Parabaena,  Syntriandrium,  Tiltacora,  Tinospora; 
short  secretory  sacs,  which  mostly  have  reddi^-brown  contents,  and  are  sometimes 
recognizable  in  transmitted  light  by  using  a  lens,  were  found  to  occur  independently 
in  the  mesophyll,  and,  where  expressly  stated,  also  in  the  veins  in:  Antizoma 
calcarifera,  Miers,  A.  lycioides,  Miers  (afeo  in  the  veins),  Cissampdos  Pardra  pro 
parte,  C.  fasdculata,  Benth.,  Diploclisia  macrocarpa,  Miers  (also  in  the  veins), 
Tiliacora  racemosa,  Colebr.,  Triclisia  loucoubensis,  BailL  (also  in  the  veins,  and  in 
the  mesophyll  sometimes  in  rows). 

The  earlier  statements  and  those  of  Krafft  agree  with  r^ard  to  the  occurrence 
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of  elongated  secretory  sacs  in  the  petiole  and  axis  in  species  of  Anamirta,  Burasaia, 
Cissampelos,  Diplodtsia^  Jateorhiza,  Limacia  and  Tinospora.  Maheu  has  recently 
demonstrated  secretory  sacs  also  in  Fibraurea  chloroUuca  (==  F.  tinctaria.  Lour, 
ex  syn.),  Calycocarpum  sp.,  and  Pericampylas  sp.,  as  well  as  in  additional  species 
of  Burasaia,  Cissampelos,  and  Cocculus ;  in  view  of  Krafft's  results  Maheu's  state- 
ments with  reference  to  Calycocarpum  and  Pericampylus  require  re-examination 
and  confirmation. 

Owing  to  recent  investigations  our  knowledge  of  the  hairy  covering  of  the 
Menispermaceae  is  much  more  complete  than  formerly.  The  trichomes  may 
be  classified  under  typical  clothing  hairs  and  glandular  hairs,  but  the  precise 
function  of  the  latter  remains  to  be  determined  in  living  material.  A  st>Bcially 
noteworthy  feature  of  the  typical  clothing  hairs  is  that  they  are  not  exclusively 
imicellular  in  any  member  of  the  Order.  Kn^,  moreover,  only  records  these 
unicellular  hairs  in  Tinospora  BakiSy  where  they  represent  a  reduced  form 
of  the  multicellular  clothing  hairs.  Blotti^re's  earlier  statement  regarding  the 
presence  of  unicdlular  clothing  hairs  in  Abida  rufescens  is  incorrect  and  may 
be  disregarded.  The  most  widely  distributed  form  of  clothing  hair  is  representea 
by  bicdUular  trichomes  with  a  short  basal  cell  and  a  longer  terminal  cell  of 
varying  length.  Points  of  difference  are  found  in  the  structure  of  the  basal 
cell,  the  upper  end  of  which  frequently  passes  over  into  a  stalk-like  process 
of  varying  length  and  either  solid  or  provided  with  a  lumen,  as  well  as  in  the 
nature  of  the  wall  and  lumen  of  the  terminal  cell.  These  bicellular  clothing 
hairs  have  been  recorded  in  the  following  genera  :  Abida,  Adeliopsis,  Albertisia^ 
Antizoma,  Bania,  Carronia,  Chondrodendron  (with  a  specially  long  terminal  cell), 
Cissampdos,  Cocctdus,  Cydea,  Detandra  (with  a  specially  long  terminal  cell), 
Husemannia,  Hyperbaena,  Limacia,  Macrococculus,  Menispennum  (accompanied 
by  three-celled  hairs,  see  below),  Pachygone,  Peraphora,  Pericampylus,  Pleogyne, 
Pycnarrhena,  Sciadotaenia,'Syrrhonema,  TUiacora.  The  two  foUowing  forms  of 
hairs  may  be  interpreted  as  modifications  of  the  bicellular  trichomes  :  (a)  those 
of  Anomospermum  rdiculatum,  EicU.,  in  which  the  basal  cell  imdergoes  subse- 
quent division  by  thin  vertical  walls  ;  and  (6)  the  three-celled  trichomes  accom- 
panying others  composed  of  two  cells  in  the  species  of  Menispermum ;  here 
a  tlurd  cell  is  intercalated  between  the  basal  and  terminal  cell,  and  is  delimited 
from  the  latter  by  an  oblique  wall.  The  trichomes  of  Menispermum  constitute 
a  transition  to  the  imiseriate  clothing  hairs,  which  are  composed  of  more  than 
two  cells,  and  exhibit  various  types  of  differentiation.  The  uniseriate  hairs 
are  found  in  the  following  species  :  Anamirta  Cocculus  (3-6-celled^  with  thick 
division-walls ;  especially  on  the  domatia),  Arcangdisia  lemniscata,  Becc. 
(3-8-celled,  with  both  thick  and  thin  division-walls ;  only  on  the  domatia), 
Calycocarpum  Lyonii,  Nutt.  (very  long,  composed  of  4-7  cells,  and  with  thin 
division-walls),  Chasmanihera  d^endens,  Hochst.  and  c.  strigosa,  Baill.  (2-6- 
celled,  those  of  C.  strigosa  with  subsidiary  cells,  each  of  which  contains  a  large 
solitary  crystal  of  oxsdate  of  lime),  Disciphania  lobata,  Eichl.  (3-7-celled), 
Heptacydum  Zenkeri,  Engl.  (3-7-celled,  recurved  at  the  base),  Parabaena 
sagiUata,  Miers  (2-5-celled,  with  thick  division-walk ;  see  under  the  forms 
of  glandular  hau:s)»  Stephania  discolor,  Spreng.  and  5.  hernandifolia,  Walp. 
(5-10-celled,  with  thin  walls,  a  number  of  cells  being  sometimes  placed  side  by 
side  at  the  base  of  the  hair),  Tinospora  Bakis,  Miers  (2-4-celled,  conical,  occa- 
sionally biseriate  at  the  base).  Lastly,  to  this  type  of  hair  we  may  also  refer 
the  characteristic  5-8-celled,  uniseriate  clothing  hairs  of  Cosdnium  Blumeanum, 
Miers,  these  being  composed  of  several  short  basal  cells  exhibiting  uniseriate 
arrangement,  and  a  very  long  fiagelliform  terminal  cell ;  in  a  certain  sense 
these  again  form  a  transition  to  bicellular  clothing  hairs  with  a  short  basal  cell. 

Amongst  the  glandular  forms  of  hairs  we  may  firstly  include  the  small 
unicellular  club-shaped  or  ellipsoidal  trichomes  (possibly  hydathodes),  which 
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either  occur  singly  on  the  leaf -surface,  especially  in  the  neighbourhood  of  the 
veins  (and  sometimes  sunk  singly  in  smsdl  pits,  e.g.  in  Tinospora  auriculaia, 
Engl.),  or  lie  in  groups  at  the  base  of  the  lamina  in  the  angles  formed  by  the 
principal  veins  on  the  lower  side  of  the  leaf,  being  sometimes  situated  in  small 

E it-like  depressions  (domatia  ?).  These  unicellular  club-shaped  trichomes 
ave  only  been  recorded  in  the  following  species  :  Kolobopetalum  auricuHatufn^ 
Engl.,  Miersiophyton  kamerunense,  Engl.,  Tinospora  auriculaia,  Engl.,  T.  Bakis, 
Miers,  T.  coraifolia,  Miers  and  T,  reticulata^  Miers.  With  these  imicellular 
club-shaped  trichomes  we  may  class  the  glandular  shaggy  hairs  of  Jaieorhiza 
Columba,  represented  in  Fig.  7,  il  in  this  work.  Finally,  we  may  mention  here 
the  uniseriate  trichomes  of  Calycocarpum  Lyonii  (narrowed  basally,  and  thin- 
waJled  throughout),  and  Parabaena  sagiUata  (3-celled,  club-shaped,  with 
a  specially  thm-waUed  terminal  cell),  which  are  apparently  glandular  and  may 
be  derived  from  the  t3^ical  clothing  hairs  found  in  these  species. 

Krafft  met  with  unicellular  hydathodes,  having  the  same  structure  as 
those  of  Anamirta  Cocculus  (according  to  Haberlandt),  in  the  upper  and  lower 
epidermis  of  the  veins  in  the  leaf  of  Arcangelisia  lemniscata.  He  made  the 
interesting  observation  that  in  both  species  the  walls  of  the  hydathodes, 
originally  composed  of  cellulose,  became  subsequently  suberized,  and  that 
additional  thickening  layers,  which  are  lignified  and  also  pitted,  are  deposited 
on  the  suberized  wall,  naturally  involving  the  loss  of  function  of  the  hydathodes. 

Typical  domatia  in  the  form  of  small  pits  are  found  in  the  angles  formed 
by  the  veins  of  the  second  order  in  Anamiria  Cocculus  and  Arcangelisia  lemnis- 
cata.    The  entrance  to  the  pits  is  clothed  with  hairs. 

3.  Structure  of  the  Axis.  According  to  Maheu,  the  development  of 
cork  takes  place  in  various  positions  :  either  in  the  epidermis  (Tinomiscium 
petidare),  or  in  the  subepidermal  layer  {Menispermum),  or  first  in  the  primary 
cortex  and  then  in  the  pericycle  ('  Cissampelps  obovata,  DC.')-  In  Menu 
spermum  canadense  and  species  of  Abida,  Couulus  and  Pericampylus  Danmi 
observed  the  formation  of  '  a  cuticular  epitheUmn,'  which  sooner  or  later 
becomes  replaced  by  cork. 

The  following  additional  forms  are  stated  by  Maheu  to  exhibit  an 
anomaloiis  structure  in  the  axis :  Chasmanthera,  Cissampelos  hexandra 
(=  Stephania  discolor^  Spr.  ex  syn.),  Cocculus  Thunbergii  and  Menispermum. 
According  to  Maheu,  the  origin  of  the  anomalous  growth  is  not  always  the 
same. 

In  the  first  case  (in  an  unnamed  species  of  Menispermum)  the  secondary  vascular 
bundles  originate,  according  to  Maheu,  in  the  primary  cortex ;  in  the  second  case, 
which  is  the  most  widely  (ustributed  (Pareira  orava  «  Chondrodendron  tomentosum, 
Ruiz  et  Pav.  ex  sjm.  and  Cocculus  laurifolius,  DC. ;  see  also  G^raj d  with  reference 
ix>  Abula  rufescens  and  Chondrodendron  platyphyllum)  they  arise  in  a  secondary 
tissue,  formed  by  division  of  the  endodermis  ;  in  the  third  case  (Cocculus  Le€uba,  DC. 
and  Cissampelos  Pareira)  they  appear  in  the  pericycle  ;  and  in  the  fourth  and  last 
case  (Abuta  Selloana,  Anomospermum  grandifotium,  Cocculus  platyphyllus  =  Chondro- 
dendron platyphyllum,  ex  syn.,  Cissampelos  Mauritiana,  WalL  «  Pericampylus 
incanus,  Miers  ex  syn.)  immediately  external  to  the  soft  bast  of  the  normal  ring 
of  bundles.  With  reference  to  Cocculus  Thunbergii  and  Cissampelos  hexandra 
J  quote  Maheu's  own  words :  '  le  cambium  peut  etre  inactif,  par  places  ou  pro- 
.gressivement  sur  toute  sa  surface ;  il  apparalt  alors  en  dehors  ae  lui  une  nouvelle 
assise  g6n6ratrice.' 

Uteimtnre :  Gerard,  Form.  anom.  des  M^nispenn.,  Comptes  rendnt,  Paris,  ciii,  1886,  pp.  1037, 
loaS. — [Heckel  et  Schlagdenhauffeo,  Bakis  et  Sangol,  Ann.  Inst  col.  Maneille,  iii,  1895,  p.  49 

•et  seq.]~Schwabaeh,  in  Bot  Centralbl.  1898,  vr,  p.  359. — Spanjer,  Wasserapporate,  Bot  ^t  1898, 
i,  p.  01.— Pitaid,  P^cycle,  Th^  Bordeanx,  looi,  pp.  50-53. — Damm,  Mehrjahr.  Epid.,  Beih.Bot 

■Centralbl.,  xi,  190a,  especially  pp.  236-9.— Mahen,  Rech.  anat.  sur  les  M^niiperm.,  Tonm.  de  bot. 
190a,  pp.  360-78 ;  see  also  Congr^  intemat.  de  Pharm.,  sep.  copy,  7  pp.  (receiTed  xii,  1904). — 

il^lsen,  Luftrfldeme  hot  Tinospara  crispa,  Vidensk.  Medddels.  Kj#bennavn,  190a,  pp.  335-7. — 
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Morini,  Stnd.  anat.  del  caule  delle  MenisperaL,  Mem.  Accad.  Bolosna,  1904. — Areschong,  Trop. 
▼axt  bladbyggn.,  St.  Vet  Akad.HandL  39,  n.  a,  1905,  pp.  ai,  sa  and  Tab.  xziv  {Perkampylus).— 
Mabeu,  Latidf^res  ^  caoatchonc :  Tiftomiscium,  Comptet  rendos,  Paris,  4  6^c  1905,  lep.  copy,  a  pp. 
«— [For  additional  literatare,  see  p.  1171.] 

BERBERIDEAE  (pp.  44-47). 

1.  In  the  Review  of  the  Anatomical  Features  the  following  changes 
and  additions  are  necessary.  Glandular  hairs  with  a  uniseriate  stafic  and  an 
ellipsoidal  multicellular  head  occur  in  Epimedium.  Differentiation  of  papillae 
on  the  epidermal  cells  of  the  leaf  (occasionally  on  those  of  the  upper  side  as 
weU)  is  also  found  in  numerous  species  of  Berheris  and  in  certain  species  of 
Epimedium  and  Berberidopsis.  In  certain  species  of  Berberis  and  Mahonia 
a  parenchymatous  hypoderm  is  situated  beneath  the  upper  epidermis  of  the 
leaf,  and  in  very  many  species  of  these  two  genera  there  is  a  hypoderm,  com- 
posed of  sclerenchjmiiatous  fibres,  in  the  same  posiition.  The  tendency  of  the 
vascular  bundles  in  the  subaerial  stem  to  show  an  arrangement,  Uke  that 
typical  of  Monocotyledons,  is  at  least  indicated  in  other  herbaceous  members 
of  the  Order  brides  those  previously  mentioned.  The  nature  of  the  pericjrdc 
varies.  The  cork  either  arises  on  the  inner  side  of  the  groups  of  pericydic 
fibres,  or  in  the  primary  cortex,  sometimes  in  a  subepidermal  position. 

2.  Structure  of  the  Leaf.  The  structure  of  the  leaf  in  the  genera 
belonging  to  the  tribe  Berbereae  is  now  well  known,  owing  to  the  investigations 
of  Citeme,  Kohne,  Fedde  and  C.  K.  Schneider.  The  epidemds  furnishes 
numerous  anatomical  characters  suitable  for  specific  diagnosis,  e.g.  besides 
the  shape  of  the  cells,  firstly  the  nature  of  the  cell-wall,  and  the  frequent  occur- 
rence of  papillae  ^  in  Berberis  and  Mahonia,    Cuticular  beads  are  also  found 

*  According  to  Citerne  and  others,  the  formation  of  papillae  on  the  lower  side  of  the  leaf  has 
been  demonstrated  in  the  following  species:  Berberis  agapeUensis,  B.  mrmata^  B,  asiatica^  B, 
hrachybotrya^  B.  carinata,  B,  chiU^isis,  B.  conanmiy  B,  corymbosay  B,  dasysUuhya^  B.  densijhra^ 
Kohne,  B,  tUaphana,  B.  dictyophyUa^  B,  difiisa^  B,  empetrifoliay  B.  Jerox,  B.  ferrugimay  B* 
fiexucsat  B,  Gayi,  B,  glauca^  B,  Goudotii,  B,  Grisebaehii,  A  guiiache,  B.  heteropoda  var.  papilUsa^ 
B,  horrida^  B.  launna,  B,  lycium^  B,  macroupalay  B.  atfotay  B.  faiUnSy  B.  papillifer^^  Kohne, 
B,  ptchetuensis,  B,  pyrocarpa^  Kohne,  B,  repens^  lindL,  B.  rigidtfoliay  B.  saxiccla,  B.  urrmt^- 
deniaie^  B,  sinmsis,  B,  tolimensis^  B,  Tohonoskiana,  B.  untbeiiata,  Wall.,  B,  vireseens,  Hook,  f., 
B,  IVeddellii,  B,  yuftnanensis ;  Mtthonia  angusti folia  (Hartw.),  J/.  FremontU  (Torr.),  M,  ktumaU- 
€arpa  (Woot),  M,  inceria^  Fedde,  Af.  pinnata  (lAg.),  M,  pumila  (Greene),  M,  repens,  Don,  M. 
irifdiohta  (Moric);  Epimedium  Davidi^  E,  sinensis;  Berbetidopsis  coralHna;  papillae  arc 
present  on  the  upper  side  of  the  leaf  in :  Berberis  aelinacaniJka,  B,  acuminaiaf  B,  agapatensis^  B, 
asiatiea^  B,  crispa^  B,  fermginea,  B.  JUxuosa^  B,  laxiJUra^  B.  Uvis^  B,  fycium^  B,  WeddelHi; 
Mahonia  Andneuxii  (Hook,  et  Am.)>  M.  Fremontii^  M,  kaemaUeatpa^  M,  pumila,  M.  subintegri- 
folia,  Fedde,  M,  trifolidata.  The  papillae  found  in  Berberis  guilacJkey  B,  ovala,  and  B,  tcUmensis 
are  of  a  specially  carious  t3rpe ;  they  are  united  into  groups  and  are  situated  at  the  margins  of  the 
individual  epidermal  cells. 

We  may  enumerate  here  separately  from  the  foregoing  list  those  species  of  Berberis  (EuAerberis) 
in  which  C.  K.  Schneider  mentions  the  occurrence  of  a  papillose  epidermis  in  the  leaf.  Papillae  are 
present  (ther  were  only  taken  into  account  by  Schneider  when  they  were  evident  in  a  surface-view  of 
the  epidermis)  on  the  lower  side  of  the  leaf  in  :  Berberis  afghanica^  Scbn.,  B.  agapatensis,  Lechl., 
B.  armala,  Cit.,  B.  aurakuacensis,  I.em.,  B,  asiali^a,  Roxb.,  B,  brachybodria^  Gay,  B,  bumeliae- 
folia,  Sdm.,  B.  buxi/olia,  Lam.  var.  papiUosa,  Schn.,  B,  ehilensis.  Gill.,  B,  Mmboensis,  Schn., 
B.  chitria,  lindl.  var.  sikkimensis,  Schn.  (slight  papillae),  B,  roncimta,  Hook,  f.,  B.  corymbosa. 
Hook,  et  Am.,  B.  cunoalay  DC,  B.  dasystachya^  Maxim.,  B.  diaphana,  Maxim.,  B.  elegans,  Schn., 
B.  empetr^olia.  Lam.,  B.  JUxmsa,  R.  et  P.,  B.  Forskaliana,  Schn.  (not  at  all  points),  B,  garkwO' 
Unsisy  Schn.  (more  or  less  marked),  B,  grandijbra,  Turcz.,  B.  Hailii,  Hieron.,  B.  Jaesckkeana, 
Schn.  (not  always  distinct),  B.  ignorata,  Schn.,  B,  integerrima,  Bge.  var.  eriwanentu,  Schn.  and 
Tar.  tjfi^a,  Schn.,  B.  kaschgaricaj  Rupr.,  B.  Xokneana,  Schn.,  B,  kumaonensis,  Schn.,  B,  lattfoliM, 
JLetF^B,  lineari/olia,  Phil.,  B.  lulea,  R.  et  P.,  B.  lycium,  Royle,  B,  macrosepaia.  Hook.  f.  et  Th., 
B,  Moriini,  Hieron.,  B.  nigricans,  O.  Ktze.,  B,  nummularia,  Bge.  var.  pyrocarpa,  Schn«,  B, 
pattern,  Fianch.,  B.  Pearcei,  Phil.,  B.  Petitiana,  Schn.,  B,  phyllacantka,  Kusby,  B.  polyanika, 
HemsL,  B.  psilopoda,  Turcz.,  B.  rariflora,  Lechl.,  B,  rectinervia,  Rusby,  B.  Soulieana,  Schn., 
B,  Thcmsoniana,  Schn.,  B,  Thunbergit,  DC.  (in  part),  B,  tinctoria,  Lesch.,  B.  trigona,  Kse.,  «n- 
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in  Berberis  marginaia,  whilst  characteristic  thickenings  of  the  outer  wall,  in 
the  form  of  a  network  of  ridges,  are  present  in  those  species  of  Mahonia,  which 
Fedde  includes  in  the  Aquifoliatae  and  Paniculatae.  In  certain  si)ecies  of 
Berberis  and  Mahonia  *  a  parenchymatous  hypoderm,  mostly  with  thin  walls, 
occurs  beneath  the  upper  epidermis  ;  in  species  of  Berberis  and  Mahonia  •  with 
thick  evergreen  leaves  a  still  more  widely  distributed  feature  is  a  hypoderm 
competed  of  sderenchymatous  fibres  and  situated  likewise  beneath  the  upper 
epidermis  '•  The  stomata  are  found  on  the  upper  as  well  as  on  the  lower  side 
of  the  leaf  only  in  certain  species  of  Berberis  and  Leontice  *.  Subsidiary  cells 
can  only  be  said  to  be  present  in  Berberidopsis,  where  each  pair  of  guard-cells 
is  surrounded  by  a  multiseriate  ring  of  rather  small  epidermal  cells.  Citeme 
mentions  the  occurrence  of  lobe-like  appendages  at  the  ends  of  the  guard-cells 
in  Caidoi>hyUum,  Epimedium  Davidi  and  E.  sinense.  For  the  water-pores  of 
Podophyllum  see  Spanjer,  loc.  cit.  In  certain  species  of  Berberis  and  Mahonia  • 
one  or  more  layers  of  the  spongy  tissue  have  thicker  walls  and  scanty  chloro- 
phyll, so  that  they  function  as  mechanical  tissue ;  in  some  cases  they  are 
differentiated  like  a  hypoderm. 

As  regards  the  veins  of  the  leaf  we  may  mention  that  Citeme  attributes 
generic  importance  to  the  number  of  vascular  bundles  in  the  principal 
veins  (one  bundle  in  Caidophyllum^  Jeffersonia,  Leontice ;  several  in  Achtys, 
Berberis  incl.  Mahonia,  Viphylleia,  Epimedium^  Nandina,  Podophyllum), 
and  to  the  occurrence  of  groups  of  sderenchymatous  fibres  situated  at  the 
margin  of  the  leaf  and  sometimes  developed  in  connexion  with  a  marginal 
vascular  bundle  (only  in  Berberis  incl.  Mahonia,  Epimedium,  Nandina), 
The  groups  of  sderenchymatous  fibres  accompanying  the  vascular  bundles  of 


named  species  belonglog  to  the  section  Tnudllenscs,  B,  umbellata^  Wall,  (rather  distinct),  B.  varii- 
Mora,  SciUL,  B,  vtrHcillata^  Tnicz.,  B,  virescens.  Hook,  f.,  B,  virgata,  R.  et  P.,  B,  vUtttinay  Hieron., 
B,  Wamrana,  Schn.,  B.  Wif^Uiana^  Schn.  (in  most  cases),  B,  yunnanensis,  Franch. 

^  These  species  are :  Berberis  agapatensis,  B,  armatat  B,  conferta,  B,  JUxuosa^  B,  horrida  pro 
parte,  B,  loxensis,  B,  muUifiorat  B.  paniculain^  B,  WaiNchiana  pro  parte,  B,  WeddeUii  ;  Mahonia 
Hariwegii  (Benth.). 

'  The  following  species :  Berberis  actinacanthay  Mart.,  B,  brachybotrya,  B,  carinata,  B. 
chiUnsiSy  B,  daussenii^  B,  coriacea,  B.  Darwinii,  B.  Darwimi  x  empetrtfolia^  B*  diffusa,  B, 
empetrifolia,  B,ferox,  B^ferrtiginea,  B,  Grisebachii,  B,  heterophylla^  B,  horrida^  B,  ilicijfolia, 
B.  insignis^  B,  laurina^  B,  levis^  B.  litoraUs,  B,  Negeriana,  Tischl.,  B,  Potanini,  B,  pruinosa, 
B,  rusdfolia,  B,  saxicola,  B.  serrato-dentaia,  B,  spinuiosa,  B.  Vaidiviana,  B.  virgata ;  Mahonia 
eurybracteata,  Fedde,  M  Fertunei,  Lindl.,  M»  FremontU  (Torr.),  M*  haemtUocarpa  (Woot), 
M,  japonica,  Thonb.,  M,  nepaUnsis^  DC.,  M,  nervosa^  Nott.,  M,  polycdonta,  Fedde,  M*  trifoliata 
(Moric),  these  being  the  species  belonging  to  the  sections  which  Fedde  names  Longibracteatae  and 
Horridae. 

*  C.  K.  Schneider  mentions  the  oocnrrence  of  hypoderm  in  the  following  species  withont  giving 
further  details:  Berberis  aetinacaniha.  Mart,  (almost  invariably),  B,  agapaiemiSf  LechL,  B* 
barandana,  Vid.,  B,  brachybodria.  Gay,  B.  chilensis.  Gill.,  B,  conferta^  Kth.,  B,  cuneata^  DC, 
B,  Darwiniiy  Hook.,  B.  divaricatay  Rnsby,  B,  empetrifrlia.  Lam.,  B.  GrijKfhiana,  Schn.,  B,  /faJlii, 
Hieron.,  B,  iUdfoliay  Forst.,  B,  insignis.  Hook,  t  et  Th.,  B.  laurina,  BiUlc.,  B,  Knearifoiia,  Phil., 
B.  lUoralis,  Phil.,  B.  loxemis,  Benth.,  B,  lutea,  R.  et  P.,  B,  paniculata,  Jnss.,  B,  Pearcei,  Phil., 
B,  pecHnata^  Hieron.,  B,  pkyUaca»Uhay  Rusl^,  B.  pindilicensiSy  Hieron.,  B,  psihpoda,  Tnrcz., 
B,  rarijhra,  LechL,  B.  recttnenna,  Rnsby,  B»  ruscifolta^  Lam.,  B,  Srhwerim^  Schn.,  B.  Selhwiana, 
Schn.,  B.  SouUeana,  Schn.,  B*  trigona^  Knnze,  B»  valdhiana,  Phil.,  B,  vari^ora,  Schn.,  B,  verti- 
cillata,  Tnrcz.,  B.  virgata,  R.  et  P.,  B,  IVailiekiana,  DC,  B.  Warscewiczii,  Hieron.,  B.  IVamrana, 
Schn.,  B,  Wettsieiniana,  Schn. 

*  According  to  C  K.  Schneider,  they  are  present  in  large  nnmbers  on  the  upper  side  in  the 
following  species  only;  Berberis  aetnensis,  Presl,  B,  austroHs,  Moris  var.  UaauHana,  Sdm., 
B.  Beissieriy  Schn.,  B.  crataegina^  DC,  B,  crttica,  L.,  B.  integerrima^  Bge.,  B.  keuchgarica,  Rupr. 

*  The  following  spedes :  Berberis  osiaHca^  B,  brachybetrya^  B,  carinata^  B.  chilensis,  B,  Claus- 
senii,  B.  conferta,  S.  coriacea,  B,  diffusa,  B,  ferox,  B,  Goudotii,  B,  ilicifolia,  B.  insignis,  B,  ievis, 
B,  pruinosa,  B.  saxicola^  B.  Vtudiviana;  Mahonia  eurybracteata,  M.  Fortumi,  M.  japonica, 
M  nepaUnsis,  M.  nervosa,  M,  polyodonta^  i.e.  species  belonging  to  the  section  Longibracteatae  of 
Fedde* 
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the  smaller  veins  are  often  strongly  developed,  and  in  many  species  of  Berberis 
and  Makania  cause  the  veins  to  be  vertiadly  transcurrent. 

Hoarding  the  mode  of  deposition  of  oxalate  of  lime  we  may  add  the 
following  information.  The  clustered  crystals  occasionally  (e.g.  in  the  pith 
of  Makania  lanceolata  and  M.  pinnaia)  exhibit  a  sphaerocxystaUine  structm'e. 
The  prismatic  crystals  of  unknown  chemical  composition  discovered  by  Vesque 
have  also  been  observed  by  Fedde  in  Mahonia  nepalensis  and  by  Citeme  in 
Berberis  cretica,  B.  Grisebackii  and  B.  levis. 

The  glandular  hairs  of  Epimedium  have  already  been  mentioned  above. 
Uniseriate  hairs,  composed  of  strongly  thickened  cells  (and  likewise  observed 
by  Citeme),  are  present  in  Einm^tum  acuminatum  and  £.  sinense;  they 
consist  of  a  few  short  stalk-celis  and  a  long  terminal  cell,  which  is  specially 
thick-walled  and  pitted.  Structures  resembling  lenticels  are  present  m  large 
numbers  in  Berberis  Feddeanaj  Schn.,  where  they  cause  brown  dots  on  the 
lower  side  of  the  leaf ;  in  other  species  of  Berberis  (e.g.  B.  canadensis,  Mill.) 
they  are  not  abundant,  nor  are  they  always  present. 

For  the  structure  of  the  leaf-spines  see  Mittmann,  Citeme,  and  Lothe^ 
lier,  11.  cc. 

3.  Structure  of  the  Axis.  According  to  Citeme,  the  herbaceous  mem- 
bers of  the  Order  {Achlys,  CaulophyUum,  DtphyUeia,  Epimedium,  Jeffersonia, 
LeonUce,  Podophyllum)  have  a  normal  ring  of  vascular  bundles  in  their  subter- 
ranean axis,  like  that  in  the  woody  species.  In  Achlys,  Diphylleia  and  Podo- 
phyllum, brides  the  normal  vascular  bundles  there  are  others  situated  in  the 
primary  cortex  and  composed  mainly  of  sclerenchyma ;  these  cortical  bundles 
originate  in  the  scale-leaves  clothing  the  rhizome,  and,  according  to  Tischler, 
they  finally  pass  into  the  normal  ring  of  bundles.  On  the  other  hand,  in  the 
subaerial  portions  of  the  axis  among  the  herbaceous  species  there  is  a  tendency 
for  the  vascular  bundles  to  show  a  scattered  arrangement,  or  to  be  grouped  in 
two  or  more  rings  ^  This  anomaly  is  specially  pronounced  in  Diphylleia, 
Leontice  and  Podophyllum*,  in  Epimedium,  according  to  Citeme,  there  are 
two  rings  of  bundles,  whereas,  according  to  Tischler,  the  presence  of  two  rings 
can  only  be  inferred ;  in  Achlys  Tischler  records  two  nngs  of  bimdles,  or  a 
single  ring  of  dovetailmg  bundles.  In  the  same  way  the  other  genera  (including 
Ranzania  according  to  Tischler)  have  for  the  most  part  vascular  bundles  of 
two  sizes,  and  here  also  two  rings  of  bundles  may  be  suppo^  to  be  present. 
A  typical  scattered  a];^angement  of  the  bundles  or  their  disposition  in  two 
or  more  rings  is  only  foimd  when  the  number  of  vascular  bundles  is  sufficiently 
large.  In  the  case  of  Podophyllum  Tischler  has  shown  that  the  inner  vascular 
bundles  are  of  the  nature  of  leaf-traces.  We  may  add  that  the  soft  bast  in 
Podophyllum,  like  that  of  the  Monocotyledons,  contains  only  sieve-tubes  and 
<x>mpanion-cells,  and  no  bast-parenchyma. 

Our  knowledge  of  the  structure  of  the  cortex  in  the  Berbereae  has  also 
been  extended.  In  most  cases  the  pericycle  comprises  a  continuous  or  inter- 
rupted ring  of  bast-fibres,  or  isolated  groups  of  bast-fibres.  Pericyclic  bast- 
fibres  (which  we  may  note  are  frequently  septate  by  means  of  thin  transverse 
walls)  are  only  wanting  in  the  subterranean  axes  of  the  herbaceous  forms 
(with  the  exception  of  Einmedium)  and  in  the  subaerial  stem  of  Leontice  aUaica. 
In  the  subaerial  axes  of  Epimedium,  and  of  Nandina,  Mahonia  Fortunei  and 
M.  japonica,  two  zones  of  bast-fibres  are  found  in  the  pericyde  (Citeme) ;  in 
Mahonia  Ehrenbergii,  Kunze,  the  pericycle  contains  a  composite  and  continuous 
ring  of  sclerenchyma  (Fedde),  as  in  the  Lardizabaleae.      In  Berberis    and 


>  Perrot's  sUtement  (Tissn  cribl^,  Th^,  Paris,  1899,  P*  '40  that  secondary  bundles  of  wood 
and  bast  occur  in  the  primary  cortex  of  the  Lardizabaleae  is  incorrect 
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Mdhimia  the  bast  occasionally  includes  bast-fibres,  which  are  sometimes 
septate  or  merge  into  short  sclerench3rmatous  elements.  The  cork  (Alginates 
in  various  positions ;  either  in  a  layer  of  the  primary  cortex  (in  some  cases 
ti^e  subepicfermal  layer),  or  the  pericyde.  The  former  has  been  shown  to  be 
the  case  in  :  Berberis  ulicina ;  those  species  of  Mahonia  of  the  section  Pani* 
culatae,  which  have  been  investigated  with  r^ard  to  this  character;  the 
subterranean  portions  of  the  axis  in  CaulophyUum,  DiphylUia^  Jeffersonia 
(subepidermal),  LeonHce^  Podophyllum  (subepioennal) ;  and  Berberidopsis.  The 
cork  arises  in  the  pericyde  in  most  species  of  Berberis^  in  Mahonia  pro  parte^ 
and  in  the  rhizomes  of  Achlys  and  Epimedium. 

For  the  structure  of  the  root  in  the  Berbereae  see  also  Citeme,  loc.  cit. 

Literature:  Nanke»  Axen  bei  dikotyl.  Holzpfl.,  Diss.,  Koaigsberg,  1886,  p.  35.— Mittmtnn, 
Pflanzenstidu,  Verb,  bot  Ver.  Brandenboig,  1889,  p^54.— Citeme,  BerbM]^  et  Ervthrospermte^ 
Tbte,  Paris,  189a,  161  pp.  and  8  pi.— Lothelier,  Epines,  Tb^  Paris,  1803.— Scbwabacb,  Bot. 
Centralbl.  1898,  iv,  p.  359.— Spanjer,  Wasserapparate,  Bot  Zeit.,  1898,  i,  p.  55.— Holm, 
FddopkyllMm,  Bot  Gazette,  1899,  pp.  435^31. — Kdnne,  Aoatom.  Merlunale  bei  Birtiris^Axtcn,  in 
Wittmack,  Garteoflora,  184^9,  pp.  19, 39  and  68  et  se<i. ;  see  also  Mitteil.  dentsch.  dendiolog.  Gesellsch. 
1899,  p.  K4. — ^Roedler,  Assimiiator.  Gewebesyst,  Diss.,  Frdbvrg  i.  Schw.  1899,  p.  37. — ^Fedde,  Mooo- 
graphie  d.  Gatt.  MaMima,  in  Engler,  Bot.  Jabrb.,  xzzi,  1901,  pp.  30-133.— Pitard,  PMcyde,  Tbise^ 
Bordeaux,  1901,  pp.  49  and  53. — ^Petersen,  Vedanatomi,  1901,  p.  4a.--iSimon,  in  Ber.  dentsicb.  bot. 
Gesellscb.  looa,  p.  238. — Titcbler,  Berberidaoeen  n.  Podopbyllaceen,  in  Engler,  Bot  Tabrb.,  xxxi» 
n^a,  p.  596  et  seq.— Col,  Faisceanz,  Ann.  sc.  nat,  s^r.  8,  t  xz,  1904,  p.  116. — C.  K.  Schneider^ 
BtrUris  \Eubirbiris),  BnU.  de  I'Herbier  Boisner,  9it,  4,  v,  190ft,  pp.  33  et  seq. — ^Picdoli,  Legnami^ 
Bull.  Siena,  1906,  p.  169.— [For  additional  literature,  see  p.  11 69. J 

NYMPHAEACEAE  (pp.  47-51). 

2.  Structure  of  the  Leaf.  It  is  characteristic  of  the  stomata  of  Nym- 
phaea^  and  also  of  those  of  EuryaU,  Nuphar  and  Victoria^  that  the  closing  of  the 
pore  is  not  effected  by  contact  of  the  arched  ventral  walls  of  the  guard-cells^ 
but  by  more  or  less  complete  approximation  of  the  external  cuticular  ridges 
of  the  latter  (Haberlandt).  Hie  branched  sclerenchymatous  cells  (internal 
hairs,  trichoblasts)  found  in  the  genera  Nymphaea,  Nuphar^  Victoria  and 
Euryate  have  recently  been  thoroughly  investigated  by  Giirtler.  Their  form 
varies  greatly,  even  within  the  limits  of  the  same  species.  Besides  the  stellate 
idioblasts  and  those  of  girder-like  form  showing  one-sided  development  and 
resembling  hairs,  other  specially  noteworthy  forms  are  the  H-shaped  elements 
resembling  the  spicular  cells  of  the  Aroideae  and  occurring  in  the  peripheral 
portions  of  the  petiole  and  peduncle  of  Nymphaea.  The  crystals  of  oxalate 
of  lime  on  the  idioblasts  of  Nymphaea  are  sometimes  reduced  in  number ; 
according  to  Giirtler,  p.  19  (but  not  quite  in  accordance  with  p.  42),  similar 
crystab  apparently  occur  in  Victoria  regia  also ;  in  Nymphaea  and  Nuphar 
the  walk  of  the  tnchoblasts  bear  pits  where  they  are  in  contact  with  the  neijgh* 
bouring  cells.  According  to  Giirtler,  the  trichoblasts  have  a  purely  mechanical 
function. 

Other  structures  which  may,  according  to  Giirtler,  be  classed  with  these 
unicellular  internal  hairs  are  multicellular  intercellular  structures  resembling 
shaggy  hairs ;  they  consist  of  several  rows  of  cells  with  thick  pitted  walls, 
attain  a  length  of  •02—1  nmi.,  and  are  terminated  by  a  stellate  cell  enclosing 
a  large  clustered  crystal.  These  hairs  are  either  unbranched  or  branched, 
and  in  the  latter  case  each  branch  terminates  in  a  cell  with  a  clustered  crystal. 
They  occur  in  Nelumbium  speciosum^  where  they  accompany  the  hair-like 
cells  containing  clustered  crystals  previously  mentioned,  and  are  situated  in 
the  intercellular  spaces  in  the  neighbourhood  of  the  diaphragms,  which  in 
this  species  are  sp^:nally  lacunar  ;  they  serve  as  a  mechanical  support  to  these 
diaphragms.  Regarded  devel<n>mentally  they  are  emergences,  since  they 
arise  from  the  two  outermost  ceU-layers  of  the  wall  of  the  intercellular  canaL 
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According  to  Giirtler,  structures  similar  to  those  forms  of  internal  hairs 
described  as  false  diaphragms  by  Trdcul  (see  the  previous  statements  on  p.  49) 
are  also  foimd  in  Nymphaea  capensis  and  other  species,  as  well  as  in  Euzyale 
ferox.  The  hair-like  structures  found  in  Brasenia^  mentioned  and  figured  in 
the  earlier  part  of  this  work  (after  Schrenk),  are,  according  to  Giirtler,  probably 
of  a  pathological  nature,  since  they  have  not  been  observed  under  normal 
conditions.  Intercellular  hairs  of  a  pathological  nature  are  moreover  quite 
common  in  the  Nymphaeaceae ;  for  this  point,  see  Giirtler,  loc.  cit.,  p.  54 
et  seq. 

With  reference  to  the  systematic  value  of  the  air-canals  in  the  petiole 
see  Conard,  loc.  cit. 

3.  Structure  of  the  Axis.  According  to  Van  Tieghem  and  Schoute, 
astely  is  of  almost  universal  occurrence  in  the  rhizomes  of  the  Nymphaeaceae. 
Ndumbium  alone  has  a  general  endodermis  around  the  cenU'al  cylinder. 
According  to  Gwynne-Vaughan,  polystely  (with  twelve  or  more  'root-bearing 
steles ')  is  also  found  in  the  rtuzome  of  Victoria  regia  and  certain  species  of 
Nymphaea  (locally  beneath  the  points  of  insertion  of  the  leaves). 

Note. — We  m^  mention  that,  according  to  Hewitt,  the  N3anphaeaceae  are 
the  only  Order  of  Dicotyledons  in  which  the  root-hairs  arise  from  special  cells, 
noticeable  as  idioblasts  even  during  the  differentiation  of  the  epidermis  of  the 
root,  this  being  analogous  to  what  has  been  observed  in  very  many  Monocotyledons. 

literature :  Costantiii,  Tiges  d.  pi.  aqaat.,  Ann.  sc.  nat.,  tdr.  6,  t.  xix,  1884,  P*  ^^7  ^  seq.  and 
pi.  17. — Haberlandt,  Spaltdffb.  d.  Schwimmpfl.,  Flora,  1887,  p.  102. — Mittmann,  Pflanzenstacheb, 
Verh.  bot.  Ver.  Brandenburg,  1889,  p.  6$. — ^Wijnaendts  Francken,  Sclereiden,  Diss.,  Utrecht,  1890, 
pp.  33-5.— Gwrnne-Vangbao,  Morph.  and  anat.  of  Nymphaeaceae,  Transact.  Linn.  Soc  Bot.,  1897, 
pp.  287-99  ^^  P^*  ^'>  ^^* — ^WoUenweber,  Anat  d.  &hwimmbL,  Diss.,  Freiburg  L  Br.,  1807,  pp. 
23-6  and  32,  33. — ^Weinrowsky,  Scheiteloffh.  bei  Wasserpfl.,  Diss.,  Berlin,  1898,  p.  35. — ^Thoinas, 
Fenilles  sout.,  Tnte,  Paris,  1900. — Maaters,  Air-canals  in  the  stalks  of  Nymphaeaceae,  Jonm.  Roy. 
Hortic.  Soc.,  xzri,  ipoi-2,  pp.  840-3. — Knothe,  Unbenetsbaie  Bl.,  Diss.,  Heidelberg,  1902,  p.  16. — 
Sdiovte,  Steliirtheone,  1903,  p.  115. — Freidenfeldt,  Anat.  Ban  d.  Worzel,  Bibl.  bot.,  H.  61,  1904, 
p.  55. — Leavitt,  Tricbomes  of  the  root.  Proceed.  Boston  Soc.  Nat  Hist.,  xxxi,  1904,  p.  300. — Pizzetti, 
LcNOiL  dell*  alcaloidenel  Nuphar^  etc.,  Malpighia,  1004,  pp.  106-9. — Conard,  Waterlilies,  Washington, 
ip^Sy  PP*  37~77* — Giirtler,  Intercellulare  HaarMld.,  Diss.,  Berlin,  1905,  91  pp.-^[Montemartini, 
Sist.  meoc  della  Victoria  regioy  Atti  1st  bot.  Paria,  1905,  5  pp.  and  3  tab.] — [ctdflBot,  Anat  comp. 
des  Barclaya  Umgifolia  et  B.  Mottleyi^  Boll.  Soc.  sc  nat  Sa6ne-et-Loire,  1906.] — G^nean  ae 
Lamarliire,  Membr.  cnt.  des  pi.  aqu.,  Reme  g^n.  de  bot.,  1906,  p.  289  et  seq. 


SARRACENIACEAE  (pp.  51-54). 

Fenner's^  recent  investigations  include  Sarracenia  flava,  L.,  in  which  they 
deal  with  the  nectarial  glands  found  on  the  under  side  of  the  lid  and  around  the 
entrance  to  the  pitcher,  the  development  of  the  hairs  in  the  '  eel-trap-zone,'  and 
the  io>arth  or  lowermost  zone  of  the  pitcher,  which  is  regarded  as  the  absorptive 
region.  The  nectarial  glands  are  of  epidermal  orif^in,  having  a  patelliform  depres- 
sion at  the  apex  and  resembling  the  glands  of  the  pitcher  in  structure.  The  absorp- 
tive zone  has  an  epidermis  of  pecuUar  structure,  the  cells  having  undergone  division, 
tiiough  the  daughter-cells  are  only  bounded  by  incomplete  walls  in  the  form  o£ 
ridges.  V^thout  further  investigation  I  cannot  accept  Fenner's  interpretation 
that  we  are  dealing  with  simple  epidermal  ceUs,  which  have  become  segmented 
into  a  number  of  '  niches '  by  means  of  ridges  of  ceUulose  and  include  ^  several 
nuclei.* 


*  Fenner,  Anat,  Entwicklnngsgesch.  n.  Biol.  d.  Lanbbl.  n.  Driisen  einiger  Insecttvoren,  Diss., 
Ziirich,  1004,  pp.  21-7  and  Tab.  ix  and  zxi  (also  Flora,  1904). — See  also  :  Freidenfeldt,  Anat  Ban 
d.  Wnrzef,  BibL  bot,  H.  61,  1904,  p.  63. — [Macfarlane,  Sarracenia  Caiesbaei,  Contrib.  Bot.  Lab. 
Philadelphia,  ii,  1904,  p.  426  et  seq.] — Forrest  Shreve,  Sarracenia  ^rpurea^  Bot.  Gaz.,  xlii,  t90<S^ 
pp.  118-23. 
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PAPAVERACEAE  (pp.  54-56). 

3.  Structure  of  the  Axis.  Astdy  is  found  in  Chdidonium  majus 
(Schoute). 

Literature :  £.  Schmidt,  Milchr.,  Bot  Zeit,  i88a,  p.  445.— [Tognini,  Stomi,  Atti  1st.  bot. 
Pavia,  1894.] — BoergeteD,  Arkt.  pL  bladbygn.,  Bot  Tidsikr.,  xix,  1895,  p.  319  et  seq. — Schubert, 
Parendiymscheiden,  fiot.  Centralbl.,  1897,  "i>  P-  474.— Minden,  Wasaersec  Org.,  Bibl.  bot.,  H.  46, 
1899,  p.  54. — Thomas,  Feoilles  loat,  Th^,  Paris,  1900. — ^Molisch,  Milchsaft  u.  Schleimsaft,  1901, 
p.  71  et  seq. — Knothe,  Unbenetzb.  Bl.,  Diss.,  Heidelberg,  190a,  p.  14.— Schoate,  Stelartheorie,  1903, 
p.  ii6.-^Tiieorin,  Vaxttrichom.,  Arkiv  for  Bot,  i,  1903,  p.  171. — ^Kniep,  Bedeut.  d.  Milduaftes, 
Flora,  1905,  p.  176  et  seq.^Mayas,  Milchr.  in  den  Bl.,  Beih.  bot  Centralbl.,  zviti,  Abt.  i,  1905, 
pp.  376-8. — Sarton,  Rech.  exp.  sar  Tanat  des  pi.  affines,  Ann.  sc.  nat,  s6-.  9,  t.  ii,  1905,  pp.  35-33 
{Ckelid0nium).^'\Y9\i\Sy  Opimnalkaloide,  Pbarm.  Post.,  1906,  n.  31,  33;  abstr.  in  Bot.  Centralbl., 
dv,  p.  61.] 

FUMARIACEAE  (pp.  56-58). 

Zsak  Zoltan  has  recently  met  with  uniceUular  finger-shaped  trichomes  in 
specimens  of  Corydalis  cava  and  C.  solida,  two  species  which  he  regards  as  varieties. 

Literature :  Costantin,  Tiges  a^r.  et  sout,  Ann.  sc.  nat,  s^.  6,  t.  xvi,  1883,  p.  96  et  seq. — ^Jost, 
Zerkliift.  einiger  Rhiz.  u.  Wurz.,  Bot  Zeit,  1890,  p.  469  et  seq.  (C^r^<£i/i>).— Thomas,  Fenilles  sout, 
Th^,  Paris,  1900. — Knothe,  Unbenetzb.  Bl.,  Diss.,  Heidelbei^,  1^3,  p.  15. — 2^sak  Zoltan,  in  Magyar 
Bot.  Lapok,  1904,  4  pp. — [Haberlandt,  Sinnesoig.,  ii  Anfl.,  190^.] 

CRUCIFERAE  (pp.  58-67). 

2.  Schweidler's  recent  investigations  on  the  myrosin-cells  found  in  the 
foliage-leaves  of  the  Cruciferae  contain  the  following  statements,  which  we  may 
add  to  the  information  given  on  pp.  60-62.  The  earner  statement  (p.  60)  regard- 
ing the  absence  of  chlorophyll-grains  in  the  myrosin-cells  is  incorrect,  since 
Schweidler  found  chloroplasts  in  the  secretory  cells  of  the  assimilatory  tissue 
in  those  species  which  he  subjected  to  a  detailed  examination.  According  to 
Schweidler,  the  local  distribution  and  the  differentiation  of  the  idioblasts  in  the 
sepals,  petals  and  the  valves  of  the  pod  are  essentially  the  same  as  in  the  foliage 
leaves.  The  presence  or  absence  of  idioblasts  is  probably  a  character  of  generic 
value.  In  those  cases  in  which  no  myrosin-cells  have  been  found  in  certain 
species  of  a  genus  generally  possessing  these  elements,  this  is  j)robably  due 
to  a  reduction  of  the  secretory  cells,  which  has  hitherto  rendered  it  impossible  to 
recognize  them.  Closely  related  species  possess  albuminous  cells  agreemg  in  their 
local  distribution,  size,  shape,  &c.  Schweidler  distinguishes  between  '  idioblasts 
of  the  vascular  bundles,'  which  are  mostly  prosenchymatous,  and  '  idioblasts 
of  the  mesophyll,'  which  are  parenchymatous  elements  containing  chlorophyll 
and  showing  little  or  no  difference  from  the  ordinary  cells  of  the  mesophyll ;  he 
subdivides  the  idioblasts  of  the  vascular  bundles  into  '  idioblasts  of  the  phloem- 
sheath  '  and  *  idioblasts  of  the  parenchjnnMi-sheath.*  According  to  the  same 
authority  another  point  of  systematic  importance  is  to  be  found  in  the  presence 
or  absence  of  special  albuminous  contents  in  the  guard-cells  of  the  stomata 
in  those  species,  which  have  no  idioblasts. 

The  genus  Arabis  has  been  made  the  subject  of  detailed  investigation  by 
Schweidler,  his  results  being  as  foUows.  In  the  species  of  the  section  Turritis,  L. 
the  idioblasts  are  present  in  the  phloem-sheath  only,  in  the  species  of  the  section 
Cardaminopsis,  Boiss.  they  occur  both  in  the  phloem-sneath  and  in  the  jparenchyma- 
sheath,  in  those  of  the  sections  Pseudarabis,  C  A.  Mey.  and  Turritella,  C.  A.  Mey.  the 
idioblasts  are  situated  in  the  mesophyll,  and  in  those  of  the  section  Euarabis  there 
are  only  special  albuminous  contents  in  the  guard-cells,  whilst  in  some  few  species 
no  idioblasts  were  recognizable.  In  consequence  of  these  results  and  from  a  con- 
sideration of  other  characters  Schweidler  comes  to  the  conclusion  that  the  genus 


Digitized  by 


Google 


ADDENDA— CRUCIFERAE  825 

Arabis  must  be  provisionally  restricted  to  the  sections  Euarabis^  Pseudarabis  and 
TurriUUa,  whilst  the  section  Cardaminopsis  should  be  included  in  Cardamine,  and 
Turritis  raised  once  more  to  the  rank  of  an  independent  ^enus. 

The  same  features  are  moreover  of  value  in  connexion  with  the  subdivision 
of  the  Crudferae,  if  one  studies  the  affinities  of  the  genera  having  idioblasts  in  the 
mesophyll  only  (Exo-idioblastae),  or  idioblasts  in  the  vascular  bundles  only  (Endo- 
idiobfastae),  or  both  kinds  of  idioblasts  (Hetero-idioblastae). 

The  Exo-idioblastae  include  the  following  genera :  Lunaria,  Vesicaria,  Schive- 
reckiay  Peltaria,  Petrocallis^  Draba^  Cochlearia  (Alyssineae) ;  Thlaspi,  Teesdalia 
iThlaspideae) ;  Anastatica  (Anastaticeae) ;  Cakile,  thorispora  (Cakilineae) ;  Gold- 
hachia  (Anchonieae) ;  Bfossica,  Sinapis,  Moricandia,  Diplotaxis,  Eruca  (Brassiceae) ; 
Vella,  Carrichtera,  Succovia  (Velleae) ;  Crambe^  Rapistrum,  Raphanus  (Raphaneae) ; 
Bunias  (Buniadeae) ;  Bray  a,  Arabis  sens,  strict.  (Arabideae) ;  Alliaria,  Conringia 
(Sisymbrieae).  The  Endo-idioblastae  include :  Cheiranthus,  Nasturtium,  Barbarea, 
Turritis f  Arabis  Sect.  Cardaminopsis,  Cardamine,  Dentaria  (Arabideae) ;  Malcolmia, 
Hesperis,  Sisymbrium,  Erysimum  (Sisymbrieae) ;  Camelina  (Camelmeae) ;  Sene- 
biera,  Lepidium,  Aethionema  (Lepidineae) ;  Capsella,  Biscutella  (Thlaspideae) ; 
Heliophila  (HeUophileae).  The  Hetero-idioblastae  include :  Iberis ;  Lepidium 
Draba  ;  Isatis  Myagrum  (Isatideae). 

Mardner  also  mentions  the  occurrence  of  myrosin-ceUs  in  Pringlea  antiscor- 
butina,  R.  Br. 

According  to  Bouygues,  the  petiole  of  the  Cruciferae  is  distinguished  by 
the  presence  of  *faisceaux  rayonn^/  which  have  a  characteristic  mode  of 
development.  The  vascular  bundles  of  the  petiole  are  arranged  in  a  ring, 
and  are  embedded  in  a  parenchymatous  tissue,  the  cells  of  which  differ  from 
the  parenchjmiia  of  the  ground-tissue  in  having  smaller  lumina  and  thicker 
walls.  The  entire  ring  of  vascular  bundles,  together  with  the  small-celled 
]>arench3ana,  develops  from  a  single  procambial  strand,  in  which  secondary 
procambial  bundles  become  differentiated  and  give  rise  to  the  individual 
vascular  bundles. 

Regarding  the  anomalous  strands  of  soft  bast  in  the  rhizome  and  root  of 
Cochlearia  Armorada^  see  also  Viret,  loc.  cit. 

Literature :  Costantin,  Tiges  a^r.  et  sout.,  Ann.  sc  nat,  9ix,  6,  t.  xvi,  1883,  p.  98  et  seq. — 
Costantin,  Tiges  a^r.  et  sout.  d.  pi.  aqnat.,  Ann.  ic  nat.,  s^.  6,  t  xiz,  1884,  p.  287  et  seq.,  and  pi. 
14-16. — [Tognini,  Stomi,  Atti  1st.  bot.  Pavia,  1894.] — Boergesen,  Arku  pi.  bladbygn.,  £iot. 
Tidsskr.,  xix,  1895,  p.  319  et  seq. — Schubert,  Parenchymscheiden,  Bot  Centralbl.  1897,  Hi,  p.  475. — 
Leisering,  Interxyl  Leptom,  Diss.,  Berlin,  1899,  p.  a8. — Anheisser,  Arunkoide  Blattspreite,  Diss., 
Jena,  1900,  pp.  18,  10. — Paulesco,  Struct,  anat.des  hybrideSyTh^  Geneve,  1900,  p.  63  {Dentaria). 
— Scbleichert,  Xeropbyten  bei  Jena,  Natnrwiss.  Wochenschr.,  1900,  p.  446  {ThUaspi), — ^Thomas, 
Fenilles  soot.,  Tb^,  Paris,  1900. — Veba,  Anat.  d.  Axen  von  Alyssum  calycinum,  Oesterrdch.  bot. 
Zeitschr.  j 901,  pp.  235-33. — Bonygnes,  P^ole,  Thise,  Paris,  1003, p.  31  et  seq. — Clanditz,  Blattanat. 
canar.  Gew.,  Diss.,  Basel,  1903,  pp.  57,  58  {Cheiranthus  ^\ — Knothe,  Unbenetzb.  BL,  Diss.,  Heidel- 
berg, 1903,  p.  15. — Mardner,  Pban.-Ve^.  der  Keiguelen,  Diss.,  Basel,  1903,  pp.  8-14  {Pringlea), — 
[Armari,  Piante  della  leg.  medit.,  Ann.  di  bot,  i,  1903,  p.  17  et  seq.  (/^^m).]-— Theorin,  Vaxttrichom., 
Arkiy  for  Bot,  i,  1903,  p.  170  and  iv,  n.  18, 1905,  pp.  17, 18. — [Boodle,  Wallflower,  New  Phytol., 
iii,  15^,  p.  39 ;  abstr.  in  Bot  Centralbl.,  xcv,  p.  504.J— Chrvsler,  Strand  plants,  Bot.  Gazette,  xzxvii, 
1904,  p.  461  et  seq.  {CaJHle),^Svaaiaigaih,  Ben.- Verb.  d.  WUrzb.  Moschelkalkpfl.,  Diss.,  Wiinburg, 
2904,  pp.  19,  30. — Viiet,  Liaisons  du  pblo^me  mM.  etc,  Institnt  bot  Geneve,  1904,  pp.  36-45* 
--Schweidler,  Eiweisszellen  d.  Cmcif.,  fier.  deotsch.  bot  Gesellsch.,  1905,  pp.  374-85  and  Taf.  xii. 
— [For  additional  literature,  see  p.  1170.] 

CAPPARIDEAE  (pp.  67-77). 

I.  Under  the  general  Review  of  Anatomical  Features  we  may  add 
that  crj^talloids  are  occasionally  present  (in  cells  of  the  ground-tissue  and 
epidermis  of  the  petiole  of  Boscia)  in  the  form  of  small  rhombohedral,  octahedral 
or  rounded  crystalline  bodies. 

^  The  statement  that  glandnlar  hairs  are  present  in  Cheiranthus  scoparius  appears  questionable 
tome. 
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2.  Structure  of  the  Leaf,  In  connexion  with  a  monographic  revision 
of  Boscia  Pestalozzi  made  a  thorough  examination  of  the  structure  of  the 
leaf  in  this  genus.  The  most  characteristic  feature  of  the  ^enus  is  the  occur- 
rence in  the  mesophyll  of  sclerenchymatous  ceUs  elongated  m  the  same  direc- 
tion as  the  palisade-tissue  ;  these  elements  are  situated  beneath  the  epidermis 
on  both  sides  of  the  leaf,  and  where  they  come  in  contact  with  the  epidermis 
they  exhibit  either  a  bulbous  (B.  angusiifolia^  Rich.)  or  a  somewhat  T-shaped 
{B,  rotundifolia.  Pax,  &c.)  enlargement,  or  a  more  or  less  abundant  ramification. 
The  thickness  of  their  walls  varies  greatly.  In  some  cases  these  elements, 
like  the  sclerenchymatous  cells  of  certain  species  of  Capparis^  may  even  pene- 
trate between  the  epidermal  cells,  and  thus  form  part  of  the  surface  of  the 
leaf.  The  structure  of  the  leaf  in  Boscia  is  bifacial  or  centric ;  the  stomata 
are  either  restricted  to  the  lower  surface  or  are  found  on  both  sides  of  the 
leaf.  No  hypoderm  is  present.  On  the  other  hand  storag;e  tracheids  (described 
by  Pestalozzi  as  '  sclereids  with  a  lobed  form ')  occur  in  the  spongy  tissue. 
The  vascular  bundles  of  the  smaller  veins  are  provided  with  hard  bast  and 
are  embedded.  The  hairy  covering  consists  only  of  unicellular  clothing  hairs 
of  varied  length  ;  in  B.  corymbosa^  Gilg.  these  hairs  appear  like  finger-shaped 
papillae.  For  the  remaining  features  of  the  leaf-structure  see  the  work  cited 
below.  Large  solitary  aystals  of  oxalate  of  lime  (cf.  Syst.  Anat.,  p.  71)  also 
occur  in  the  axis  of  Cadaba ;  they  are  situated  in  the  stone-cells  of  the  pericycle. 

The  thorns  of  Capparis  spinosa,  which  are  interpreted  as  stipules,  contain 
neither  vascular  bundles  nor  terminations  of  bundles  (Lothelier). 

3.  Structure  of  the  Axis.  The  cork  in  Cadaba  glandulosa,  Forsk.  also 
arises  subepidermally.  In  this  species  the  primary  cortex  contains  groups  of 
stone-cells,  and  the  pericycle  exhibits  a  composite  and  continuous  ring  of 
sclerenchyma. 

literature:  Wijnaendts  Francken,  Sclereiden,  Diss.,  Utrecht,  1890,  pp.  50,  51.— Lothelier, 
Epines,  Th^,  Paris,  1893,  pp.  35  and  ^6.— Pestalozzi,  Boscta,  BuU.  de  ITierbier  Boissier,  1898, 
App.  iii;  also  Diss.,  Ziiridi,  152  pp*  and  13  pi. — Urspnng,  Cadaba  glanduiosa^  Ber.  deatsch.  hot. 
Ges.,  1901,  pp.  501-8  and  Tab.  zxiz.— [Moll  and  Janssonins,  Mikrographie  d.  Holzes,  Leiden,  1 906, 
PP-  175-92  {Capparis,  Cni/a^a).]~[Holtermann,  Emflass  d.  Klimas,  1907,  p.  106  {Capparisy 
Maerua),'\ 


RESEDACEAE  (pp.  77-79). 

Morstatt's  recent  investigations  deal  with  only  a  few  species  of  Reseda. 
The  discovery  of  oxalate  of  Ume  in  the  form  of  small  crystals  in  the  pith  of 
Reseda  odorata  is  specially  noteworthy. 

Other  points  of  imjwrtance  are  as  follows.  Large  vesicular  papillae  with 
transitions  to  simple  tmicellular  blunt  hairs  are  borne  by  the  epidermis  of  the 
stem  in  -R.  Itdea ;  on  the  leaf  the  papillae  are  restricted  to  the  margin.  The 
pericycle  in  the  stem  of  Reseda  indudes  groups  of  bast-fibres.  The  structure 
of  the  wood  in  Reseda  exhibits  the  same  features  as  in  Ochradenus. 

The  basal  appendages  (*  denticuli  basilares ')  of  the  leaves  of  Reseda 
exhibit  various  types  of  structure ;  in  R,  lutea  they  have  a  distinct  palisade- 
like epidermis,  which  secretes  mucilage  ;  in  no  case  do  they  contain  a  vascular 
bundle. 

Literature:  J.  Miiller,  Monogr.  de  la  famille  des  R^s^,  Zurich,  1857,  p.  11  et  seq.  and  Tab. 
.      ""      •  •  -      ...-.-.       ^     -    .-         z.  Ke  •   "      *    '^^ 


i-iii.^Tognini,  Stonu,  Atti.  Ist  bot.  Pavia,  i894.}--llofalatt,  Beitr.  z.  Kenntn.  d.  Resed.,  Diss.^ 
Heidelberg,  1903,  64  pp.— Col,  Faisoeaox,  Aam.  «c  sat.,  s^r.  8,  t.  xx,  1904,  p.  109.— Stissenguth^ 
BehaamngSTerh.  d  Wiirih.  MsHlMlfailkpl!.,  Diss.,  Wiirzburg,  1904,  p.  20. 
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CISTINEAE  (pp.  79-82). 

With  reference  to  the  hairy  covering  (p.  80)  we  may  add,  on  Siissenguth's 
authority,  that  tufted  hairs  Uke  those  found  in  C%$ius  creiicus  (Syst.  Anat., 
Fig.  21,  B)  also  occur  in  Hdianthemum  nanum,  but  not  in  H.  mlgare  and  H, 
pdifolium. 

Hoarding  the  structure  of  the  axis  (cf .  p.  82)  the  following  data  may  be 

Soted  from  Piccioli's  investigations,  which  deal  with  the  four  genera  of  the 
der.  In  the  wood,  medullary  rays  are  not  present  in  Lechea,  whilst  in  the 
remaining  genera  they  are  narrow  and  mostly  uniseriate.  As  a  rule  the  bulk 
of  the  wood  is  composed  of  prosenchyma  with  bordered  pits ;  in  the  species 
of  HeUanthemum  belonging  to  the  section  Eriocarpum,  however,  the  tracheids 
are  replaced  by  mechanical  elements.  Wood-parenchyma  only  occurs  in 
relatively  small  amount.  The  region  in  which  the  first  layer  of  cork  is  pro- 
duced varies,  being  the  epidermis  in  Cistus  and  HcUatUhemum  §  Lecheoides^ 
the  subepidermal  layer  of  cells  in  Lechea^  Hdianthemum  %Halimium  and 
Euhdianthemumy  a  more  or  less  deeply  situated  layer  of  the  primary  cortex 
in  Hdianthemum  §  Macularia,  Brachybetalum  pro  parte,  Eriocarpum,  Fumana 

Eo  parte  and  Pseudocistus^  the  endodermis  in  §  Brachypetalum  pro  parte,  and 
»tly  the  cell-layer  situated  on  the  inner  side  of  the  bast-fibres  of  the  pericycle 
in  nudsania  and  §  Fumana  pro  parte.  The  endodermis  is  seldom  distinctly 
differentiated ;  it  constitutes  aqueous  tissue  in  Hdianthemum  polifolium  and 
H.  salicifolium.  The  outer  portion  of  the  primary  cortex  is  often  coUen- 
chymatous.  The  pericycle  in  species  of  all  the  genera  includes  a  ring  of  fibres, 
or  isolated  groups  of  bast-fibres  ;  in  certain  species  of  Hdianthemum  the  bast- 
fibres  are  scanty  or  absent.  In  H.  guttatum  the  pith  is  differentiated  as  aqueous 
tissue.  It  remains  to  mention  that  in  all  the  genera  oxalate  of  Ume  occurs 
in  the  form  of  clustered  crystals ;  and  that  adoitional  soUtary  crj^tals  have 
only  b^  observed  in  different  parts  of  the  axis  in  the  species  of  Hdianthemum 
belonging  to  the  section  Eriocarpum  (H.  kahiricum  and  H.  sessiliflorum). 

Literature^ :  Gavchery,  Hy brides  dans  le  genre  Cistus^  Assoc.  fnui9.  Besancon,  1893,  i,  p.  238, 
and  tt,  pp.  534-41. — Schnbert,  Parenchymscheiden,  Bot  Centralbl.  1897,  iv,  p.  16. — Panlesco,  Struct, 
anat  des  hybrides,  Thhwt,  Genite,  1900,  p.  75  (Ctj/Mr).— Clavditz^  Blattanatomie  canar.  Gew., 
Dim.,  Basel.,  1901,  pp.  la,  13  (C^/mj).— Gauch^,  in  Assoc  fran9.  Ajacdo,  1901,  ii,  ed.  190a,  pp. 
408^13  {JliUcmthtmum  kalimtfoHum  x  Cisius  saivt/b/ius). — Petersen,  Vedianatomi,  1901,  p.  43. — 
Pitard,  P^cyde,  Thte,  Bordeanx,  1901,  p.  loa. — Grosser,  Cistaceae,  in  Pflanzenreich,  H.  14,  1903, 
pp.  3-4. — Picdoli,  Legno  e  cortecda  delle  Cistin.,  Nnoy.  Giom.  bot  Ital.,  N.  S.,  xi,  1904,  pp.  47a- 
504.-— SQssengnth,  Behaamngsrerh.  d.  Wiirzb.  Mnschelkalkpfl.,  Diss.,  Wiirzbnrg,  1904,  pp.  ao*aa. — 
Sarton,  Anat  d.  pi.  affincs*  Ann.  sc.  nat.  s^r.  o,  t  ii,  1905,  pp.  39-43  {Hilianthimum), — Piccioli, 
Legnami,  Boll.  Siena,  1906,  p.  167.— [For  additional  literature,  see  p.  1169.] 

VIOLARIEAE  (pp.  82-86). 

Section  2.  An  undetermined  Peruvian  species  of  Viola  {Viola  62)  investi- 
gated by  Weberbauer  has  a  papillose  epidemus  on  the  upper  side  of  the  leaf ; 
on  the  same  side  there  is  also  a  strongly  projecting  network  formed  by  strands 
of  tissue  containing  2-3  layers  of  palisiade-cells  showing  a  fan-like  arrangement. 

With  reference  to  the  teeth  on  the  margin  of  the  leaf  (p.  85)  we  may  add 
that  they  secrete  lune  in  some  species  of  Vida  (e.g.  V.  scandens,  Willd.,  accord- 
ing to  Triana  et  Planchon,  Prodr.  Flor.  Nov.  Granat.,  Ann.  sc.  nat.,  sdr.  4, 
t.  xvii,  1862,  p.  121,  and  V.  Lindeniana^  Turcz.,  Tonduz,  n.  2123,  Costarica). 


'  Gerber*s  paper  {jbu  anat.,  phys.  et  biol.  snr  les  Cistes  de  Proveaoe,  Aanoaire  Fac  Sc.  Marseille, 
1899)  ^7  ^t9L\M  with  the  reprodoctive  organs. 
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Section  3.  According  to  Pitard,  a  composite  and  continuous  ring  of 
sclerenchyma  in  the  pericycle  is  also  developed  in  '  lonidium  salicifolium' 
and  species  of  Alsodeia. 

Literature:  G.  Kraus,  Innlin  bd  Viol.,  Sitz.-Ber.  naturC  Getellsch.,  Halle,  1880,  p.  6;  see  also 
Barnes,  in  Pharm.  Joam.  and  Transact.,  1884,  p.  515,  and  Beanvisage,  in  BulL  trimestr.  Soc  bot  de 
Lyon,  x888,  pp.  la  and  39.— Costantin,  Tiges  aer.  et  sont,  Ann.  sc  nat,  s^r.  6,  t.  xyi,  1883,  p.  loa 
et  seq. — Schubert,  Parenchymscbeiden,  £>t  CentralbL  1897,  iv,  p.  17. — [Hartwich,  Falsche 
Ipecacuanhaworz.,  Schweizer.  Wochenscbr.  f.  Chemie  etc,  1899,  n.  48 ;  abstr.  in  Just,  1900,  ii, 
p.  a8,  Innlin  !l. — Panlesco,  Struct,  anat  des  hybrides,  Th^,  Geneve,  1900,  p.  70  (Vicla), — Pitard, 
Pericycle,  Thes^  Bordeaux,  1901,  p.  70. — Clauditz,  Blattanat.  canar.  Gew.,  Diss.,  Basel,  1902, 
PP*  55*  5^* — ^Freidenfeldt,  Anat.  Bau  d.  Wunel,  BibU  bot.,  H.  61,  1904,  pp.  01-3. — Sarton,  Rech. 
exp.  sur  Tanat.  des  pL  affines,  Ann.  sc.  nat.,  s^.  9,  t.  ii,  1905,  p.  86  (Ffa/a).~Sussengiith, 
Behaarungsverh.  der  Wiirzb.  Muschelkalkp6.,  Diss.,  Wiirzbuig,  1904,  p.  aa. — ^Theorin,  Vaxttrichom., 
Arkiv  for  Bot,  iii,  n.  5,  1904,  p.  x8;  see  also  loc.  dt,  iv,  n.  18,  1905,  p.  14. — Weberbauer,  Veget. 
der  Hochanden  Penis,  in  Engler,  Bot  Jahrb.,  xxxvii,  1905,  p.  88.— |,Moll  and  Janssonius,  Mikro- 
graphie  d.  Holzes,  Leiden,  i,  1906,  pp.  193-7  {A/sotieia),'\ 

CANELLACEAE  (pp.  86-87). 

2.  Structure  of  the  Leaf.  In  CaneUa  alba^  P.  Browne,  C.  obtusifolia, 
Miers,  and  Cinnamodendron  macranthum^  Baill.  the  mesophyll  contains  no 
typical  palisade-tissue.  According  to  Parmentier,  clustered  crystals  are  found 
in  the  epidermis,  where  they  occur  in  every  cell  in  CaneUa  alia^  in  each  cell 
of  the  upper  epidermis  in  Cinnamodendron  macranthum^  and  in  small 
epidermal  cells  in  Cinnamosma  fragrans.  In  CaneUa  obtusifolia  and  Cinnamo- 
dendron  macranthum  the  stomata  are  only  present  on  the  lower  side  of  the  leaf, 
and  are  accompanied  by  subsidiary  cells  placed  parallel  to  the  pore.  In  all 
three  genera  the  vascular  bundles  of  the  veins  are  strengthened  both  above 
and  below  by  groups  of  fibres.  In  Cinnamodendron  also  three  vascular  bundles 
pass  into  the  leaf. 

3.  Structure  OF  THE  Axis.  Regarding  the  structure  of  the  cortex  we  may 
add  that  in  CaneUa  obtusifolia^  Cinnamodendron  macranthum  and  Cinnamosma 
fragrans  also  the  cork  develops  in  the  subepidermal  layer  of  cells.  In  CaneUa 
only  are  the  U-shaped  sclerosed  cells  present  in  the  phelloderm ;  this  tissue  is 
not  sclerosed  in  Cinnamodendron  macranthumy  and  in  Cinnamosma  fragrans 
sclerosis  is  only  local.  In  all  three  genera  the  pericycle  includes  bundles  of 
fibres,  which  in  some  cases  only  develop  at  a  later  stage. 

Literature:  ^Greenish,  CaneUa  bark,  Pbann.  Jonm.  and  Transact,  xxiv,  1893-4,  pp.  793'7.J — 
Parmentier,  in  Giard,  Bull,  scient.  de  la  France  et  de  la  Belgique,  xxvii,  1895-6,  pp.  315-18. — Bier- 
mann,  Oelzellen,  Diss.,  Bern,  1898,  pp.  39, 30. — ^Van  Ti^bem,  Canellao^,  Jonm.  de  bot,  1899,  pp. 
266-76. — [Couicbet,  Cinnampsffta,  Ann.  Inst.  Marseille,  1906.] 

BIXINEAE  (pp.  87-91). 

I.  To  the  Review  of  Anatomical  Features  we  may  make  the  following 
additions.  In  the  four  genera  of  the  Cochlospermeae  the  structure  of  the  bast 
is  like  that  of  the  lime  and  shows  the  same  character  in  the  primary  cortical 
medullary  rays,  i.e.  thev  broaden  outwards  like  a  wedge ;  the  development 
of  cork  besides  being  subepidermal  may  also  be  epiderinal  and  (Aphloia)  peri- 
cyclic  ;  groups  of  small  epidermal  cells  containing  crystals  are  also  found  in 
CamptostyluSy  Erythrospermum^  Itoa,  Rawsonia,  and  ScotteUia;  mucilaginous 
epidermal  cells  in  the  leaf  are  also  met  with  in  the  genera  Amoreuxia  and  Mar- 
quesia ;  mucilage-cells  (not  mucilage-canals)  occur  according  to  Van  Tieghem  in 
Sphaerosepalum ;  simple  unicellidar  clothing  hairs  provided  with  blunt  pro- 
tuberances are  found  in  Hoplestigma  ;  tufted  hairs  also  in  Mar^uesia  ;  j>eltate 
hairs  also  in  Camptostylus  and  Locfdospermum ;  glandular  hairs,  differing  in 
structure  from  those  of  Oncoba  and  Poggea,  in  Hoplestigma  and  Marquesia ; 
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wart-like  emergences  on  the  petiole  in  Scolopia  ;  hypoderm  in  the  leaf  also  in 
species  of  lioa  and  ScoUeUia  ;  spicular  fibres  in  the  mesophyll  also  in  Centro- 
placus  paniculaiuSf  Gilg  (where  their  lumina  are  often  filled  with  silica)  and 
Erythrospermufn  amplexicaule^  DC. 

2.  Structure  of  the  Leaf.  The  spicular  fibres  of  CetUraplacus  and 
Efythrospermuin  mentioned  above  were  observed  by  Brandlein  and  Citeme 
respectively.  The  sclerenchjonatous  fibres  of  Cenfroplacus  panicukUus  branch 
o£E  from  the  sclerenchjona  of  the  veins,  and  sometimes  show  ramification 
themselves ;  they  are  specially  distingiiished  by  the  frequent  presence  of 
amorphous  silica  filling  their  wide  lumina.  Mucila^ous  epidermal  cells 
also  occur  in  Atnoreuxta  palmoHfida^  M09.  et  Sess^  Marquesia  macrura^  Gilg, 
Neumannia  deUoides^  Warb.,  N,  minima,  Warb.  and  ff.  theaeformis,  Rich, 
(species  of  Aphloia).  A  hypoderm  of  one  or  several  layers  is  found  beneath  the 
upper  epidermis  in  Erythrospermum  amplexicaule,  DC,  E.  amplifolium,  E.  coro- 
narium,  E.  laxiflorum,  E.  pnytdaccoides,  E.  pyrifolium,  E.  teirasepalon,  E.  verti- 
ciUaium,  Lam.,  Itoa  orienialis,  Hemsl.  (locally),  and  ScotUUia  macrapus,  Gilg 
et  Dinkl.,  while  a  single  hypodermal  layer  is  situated  above  the  lower  epidermis 
in  Erythrospermum  amplexicaule  and  E.  verticiUcUum  (Brandlein,  Citeme  and 
Van  Tieghem).  The  small  cr5^tal-idioblasts  in  the  epidermis  are  recorded 
by  Citeme  in  Erythrospermum  (with  clustered  crystals)  and  by  Brandlein  in 
Camptostylus  caudatus,  Gilg  (with  clustered  and  solitary  crystals),  lioa 
orienialis  (clust.  cryst.),  Rawsonia  Schlechieri,  Gilg  (clust.  crj^t.),  and  Scot' 
teUia  macropus  (dust,  and  soht.  crj^t.).  A  stomatal  apparatus  of  a 
distinctlv  Craciferous  tj^  is  found  also  in  Cetdroplacus  and  Rawsonia, 
whilst  the  Rubiaceous  t]^  is  clearly  developed  also  in  Carrierea,  Itoa  and 
Trichostephanus ;  in  the  remaining  genera  investigated  by  Brandlein  only 
ordinary  neighbouring  cells  are  present.  The  stomata  of  Sphaerosepalum 
altemifolium,  Bak.  occur  on  both  sides  of  the  leaf,  and  are  provided  with 
subsidiary  cells  (Van  Tieghem). 

In  6ixa,  Erythrospermum  and  Sphaerosepalum  the  vascular  bundles  of 
the  veins  are  accompanied  by  sclerenchjonatous  fibres,  but  this  is  not  the 
case  in  Amoreuxia  and  Cochlospermum.  One  or  three  vascular  bundles  pass 
out  into  the  leaf.  In  the  genera  Bixa,  Cochlospermum  (MaximUianea),  Amo- 
reuxia and  Sphaerosepalum  ("wYAch  was  formerly  mcluded  among  the  Guttiferae) 
— all  four  members  of  the  Cochlospermeae — ^the  three  bundles,  which  enter  the 
petiole,  sooner  or  later  unite  to  form  a  ring,  and  in  Bixa  the  latter  encloses 
an  arc  of  wood  and  bast  with  the  xylem  directed  upwards.  In  Bixa  the 
vascular  s}^tem  of  the  midrib  is  the  same  as  that  of  the  petiole  (this  is  contrarv 
to  the  earlier  statement  on  p.  89).  In  the  Flacourtieae,  on  the  other  hand, 
there  is  either  one  vascular  bundle  (Dovyalis,  Flacourtia,  Ludia,  Scolopia, 
Xylosma,  &c.),  or  three  (Azara,  Idesia,  Tisonia,  Trimeria,  &c.)  which  unite 
to  form  an  arc  open  on  its  upper  side  ;  in  this  tribe  the  vascular  S3^tem  nowhere 
forms  a  ring.  In  the  genus  Aphloia  (Neumannia),  which  in  its  anatomy  departs 
in  some  respects  (see  the  development  of  the  cork)  from  the  Flacourtieae,  three 
vascular  bundles  (one  large  and  two  small)  pass  out  from  the  axis  into  the 
petiole.  In  the  same  way  three  vascular  bundles  also  occur  in  Erythrochiton, 
but  a  modification  is  introduced  inasmuch  as  the  bundles  in  this  genus 
ultimately  become  concentric  in  stmcture. 

In  connexion  with  the  subject  of  oxalate  of  lime  (p.  89)  we  may  mention 
that  Fabricius'  recent  statement  as  to  the  occurrence  of  cystoliths  in  a  member 
of  this  Order  (Aphloia  madagascariensis)  is  incorrect.  The  plant  examined  by 
Fabricius  does  not  belong  to  the  Bixineae,  but  was  a  specimen  of  Artocarpus 
integrifolia,  L.f.  (Urticaceae). 

The  most  important  addition  to  the  previous  statements  on  internal 
secretory  organs  is  as  follows.    In  Sphaerosepalum  altemifolium,  Bak.,  Van 
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Tieghem  only  met  with  mucilage-cells  in  the  primary  cortex  of  the  branch,  in 
the  parenchjnma  of  the  petiole,  and  in  the  mesophyll ;  this  is  not  quite  in 
agreement  with  Warburg's  earlier  observations  on  the  occiuxence  of  mucilage- 
canals. 

The  secretory  cells  are  also  present  in  Amoreuxia  palnuUifiday  M09.  et 
Sess6  and  A.  unipora^  Van  Tieghem.  They  are  quite  generally  distributed 
in  the  outer  portion  of  the  primary  cortex  of  the  branch,  in  the  parenchymatous 
ground-tissue  of  the  petiole,  and  in  the  mesophyll.  The  mucilage-canals  actually 
exhibit  lysigenous  development,  and  are  also  found  in  the  petiole  and  in  the 
larger  vems  of  the  leaf ;  m  the  primary  cortex  they  occupy  the  inner  portion. 
A  central,  medullary  mucilage-canal  has  only  been  recorded  in  the  axis  of 
Bixa  OreUana  and  Atnoreuxia  unipora. 

To  the  section  dealing  with  the  hairy  covering  we  may  firstly  add  that 
simple  unicellular  clothing  hairs  have  been  met  with  in  Camerea^  noplestigma 
(where  they  bear  the  protuberances  mentioned  above),  lioa  and  Marquesia ; 
in  the  last  of  these  genera  the  simple  hairs  are  accompanied  by  tufted  hairs 
(Brandlein).  Peltate  hairs  are  described  by  Van  Tieghem  in  Cochlospennum^ 
and  by  Brandlein  in  Camptostylus  (in  this  genus  they  have  a  short  stalk  and 
thin-walled  ray-cells).  The  glandular  trichomes  of  Hoplesii^ma  Pierreanum^ 
Gilg,  which  were  likewise  oteerved  by  Brandlein,  are  unisenate  and  in  some 
cases  of  great  length ;  they  consist  of  a  few  basal  cells  with  relatively  thick 
walls,  followed  by  several  longer  cells  with  thin  walls,  and  a  rounded  terminal 
cell,  which  is  not  sharply  marked  off,  and  has  thin  walls.  According  to  the 
same  authority,  the  glandular  hairs  of  Marquesia  macrura  have  a  short  stalk 
and  an  obliquely  inserted  head,  the  latter  being  multicellular  and  having  both 
horizontal  and  vertical  division-walls.  According  to  Areschoug,  the  wart- 
like emergences,  mentioned  above,  found  on  the  petiole  in  Scolopia  and  having 
the  function  of  hydathodes,  include  an  epithema  and  the  termination  of 
a  vascular  bundle. 

3.  Structure  of  the  Axis.  The  structure  of  the  cortex  has  recently 
been  investigated  in  detail  by  Van  Tieghem,  more  particularly  in  the  genera 
of  the  (xK:hlospermeae,  as  weU  as  in  Aphloia  (Neumannia)  and  Lrythtospermum. 
In  Bixa^  Amoreuxia^  Cochlospermum^  Sphaerosepalum  and  Erythrospermum  the 
pericycle  contains  isolated  bundles  of  bast-fibres,  whilst  in  the  Flacourtieae, 
according  to  Van  Tieghem,  though  not  quite  in  accordance  with  the  earlier 
statements  of  Harms  (see  p.  87),  a  composite  and  continuous  ring  of  sderen- 
chjona  is  quite  generally  developed.  A  similar  ring  is  found  in  the  pericycle 
in  the  species  of  AphUna^  and  according  to  Pitard  also  in  Xylosma  nitiaum 
(where  it  includes  cells  with  U-shaped  thickening),  and  in  a  plant  described  as 
Rumea  coriacea  ( »  Xylosma  nUidum  ex  syn. !)  (with  ordmary  stone-cells). 
A  distinct  endodermis  composed  of  relatively  large  cells  with  Caspary's 
dots  on  the  radial  walls  is  present  in  Aphloia  only.  The  bast  has  a  characteristic 
structure  in  four  genera  of  the  CxKhlospermeae,  viz.  Bixa^  Amoreuxia^  CochUh 
spennum  and  Sphaerosepalum.  The  groups  of  phloem  are  narrowed  outwards 
in  the  form  of  a  wedge,  while  the  primary  medullary  ra)^  become  correspond- 
ingly broader  in  the  same  direction ;  moreover  the  groups  of  bast  show  the 
same  characteristic  stratification  into  hard  and  soft  bast  as  is  seen  in  the  lime. 
A  similar  broadening  of  the  medullary  TBys  outwards,  and  a  narrowing  of  the 
phloem-groups  between  the  rays  is  also  more  or  less  marked  in  Erythrospermum^ 
but  no  secondsoy  hard  bast  is  present.  In  Aphloia  sclerosis  of  the  bast  only 
occurs  in  the  older  branches.  Bast-fibres  occurring  singly  or  in  groups  are 
formed  from  the  thin-walled  tissue  in  the  outer  portion  of  the  phloem,  whilst 
the  tissue  of  the  primary  medullary  ra)^  between  the  phloem-groups  undergoes 
sclerosis  as  far  as  the  boundary  of  the  xylem.  Consequently  the  newly-formed 
soft  bast  appears  in  a  transverse  section  in  the  form  of  nests  of  tissue  corre- 
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sponding  to  the  individual  vascular  bundles.  In  the  t3q)ical  Flacourtieae, 
according  to  Van  Tieghem,  there  is  neither  stratification  of  the  bast  into  hard 
and  soft  bast,  nor  any  wedge-like  broadening  of  the  primary  cortical  medullary 
ra}^  outwards.  The  cork  arises  in  the  epidermis  in  Bixa  and  Amoreuxia^  in 
•the  outer  cell-layer  of  the  primary  cortex  in  CocUospermum^  Sphaerosepalum 
and  Erythrospermum,  but  on  the  inner  side  of  the  pericyclic  parenchyma  in 
Aphloia.  The  cells  of  the  cork  are  flat  and  have  thin  wails  in  Bixa\  they  are 
flat  and  somewhat  thickened  in  Erythrospennum^  flat  and  provided  with 
slightly  thickened  tangential  walls  in  Aphhia,  and  so  on. 

Literature : 
Briquet, 

Nettmaimii,  j -^ ,  .^^,  ^^  o-.  ,.     .—    -.-^ ,  ^ , ^ 

Sph^rot^palacta,  Joam.  de  bot,  1900,  pp.  33-54.— Van  Tieghem,  Erythrosperme,  Jonm.  de  bot., 
1900,  pp.  135-9. — ^Pitard,  P^cycle,  TheM,  Bordeaux,  190X,  p.  68. — Areschong,  Mangrovepfl.,  Bibl. 
bot.,  H.  56, 1903,  pp.  61-3,  and  Tab.  vL — Fabricios,  Lanbblattanat.,  Beih.  Bot.  Centr^bL,  xii,  1903, 
PP*  3i7f  318.— Solereder,  Zwd  Bericht.,  BnU.  Herbier  Boissier,  1903,  p.  318  et  seq.— [Rippa, 
HnoTo  genere  etc.  (Lue/oiia),  BolL  Orto  bot  Napoli,  ii,  1904,  p.  69  et  seq.] — ^Areschong,  Trop. 
vaxt  bladbyggn.,  Sv.  Vet  Akad.  HandL  39,  n.  3,  1905,  pp.  103-5  (TaraJii^nos),  and  pp.  Ii6-x8 
{^Ryparosay — Brandlein,  Sytt-anat.  Untersnch.  d.  Si.  der  Samydaceen,  Benth.-Hook.,  Diss., 
Enangen,  1906,  Mannscript  {Camptostylus^  Carriena^  dntroplacus,  Hopltstipna^  Itoa,  Marquesia, 
Kawsoftta,  ScottelliOy  Trichostephcutus), — [For  additional  literature,  see  p.  1109.] 

PITTOSPOREAE  (pp.  91-94). 

Literature :  Pitard,  P^cycle,  Th^,  Bordeaux,  1901,  p.  40. — Hooper,  Supposed  BtiUchmiedea- 
bark,  Pbann.  Joum.,  1904,  p.  361  et  seq.  (According  to  the  results  of  my  own  investigation  this 
baric  belongs  to  Pittosporum,)~-[FoT  additional  literature,  see  p.  11 71.] 

POLYGALEAE  (pp.  96-100). 

Regarding  the  anatomy  of  the  saprophytic  genus  Epirrhizanthes  we  may  note 
that  the  scale-leaves  have  no  stomata,  unicellular  clothing  hairs  are  present,  and 
the  vascular  cylinder  of  the  stem  is  enveloped  by  a  ring  of  fibres. 

literature:  Knoblauch,  Oekolog.  Anat  etc,  Habilitat  Schr.,  Tiibingen,  1896,  p.  33  et  seq. — 
Penzig,  Epirrhitanthes^  Ann.  Jard.  Buitenzorg,  xvii,  1901,  pp.  143-70,  and  Tab.  xx-xxri. — [For 
additional  literature,  see.  p.  11 71.] 

VOCHYSIACEAE  (pp.  100-104). 

3.  Structure  of  the  Axis.  Leisering  thinks  it  probable  that  the  inter- 
xylary  phloem,  which  is  also  found  in  Erisma  niiidum,  DC,  is  devdoped  by 
subsequent  differentiation  of  sieve-tubes  from  parenchjona  given  off  internally 
by  the  cambium. 

Literature:  Johannson,  Noch  wenig  bek.  Rinden,  Diss.,  Dorpat,  1891,  pp.  15-17. — Leisering, 
Interxylares  Leptom,  Diss.,  Berlin,  1899,  pp.  45, 46. 

CARYOPHYLLEAE  (pp.  107-111). 

I.  The  Review  of  Anatomical  Features  requires  the  following  additional 
remarks.  The  structure  of  the  stomatal  apparatus  is  not  the  same  in  all  the 
members  of  the  Order,  the  Caryophylleous  type  with  two  cells  placed  trans- 
versely to  the  pore  being  rare  (Loefiingia)  in  the  representatives  of  the  tribe 
Polycarpeae.  Solitary  crystals  of  oxalate  of  lime  probably  only  occur  in 
exceptional  cases  (axis  of  Polycarpaea  filifolia^  Webb).  Clothing  hairs  of  a  t5T)e 
not  previously  mentioned  are  branched  sympodial  trichomes  with  a  varying 
number  of  rays  (species  of  Cerastium,  Polycarpaea,  Polycarpon  and  SHpulicida). 
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The  occurrence  of  secondary  zones  of  growth  has  also  been  recently  demon- 
strated in  the  axis  of  numerous  species  of  Polycarpaea,  as  well  as  in  the  root 
of  certain  species  of  Cerdia^  (megia^  Pclycarpon^  Pycnophyllum^  Spergula, 
Spergularia  and  Stipulicida. 

2.  Structure  of  the  Leaf.  A  not  uncommon  feature  in  the  Polycarpeae 
{Loeflingia^  Ortegia^  Polycarpaea,  Polycarpon)  is  the  presence  of  longitudinal 
rows  of  epidermal  cells  with  vesicular  papillose  protuberances  ;  they  occur  on 
the  midribs  and  in  the  neighbourhood  of  the  margin  of  the  leaf.  Similar 
longitudinal  rows  of  papillae  are  found  on  the  epidermis  of  the  stem  in  species 
of  Loeflingia,  Ortegta^  Polycarpon  and  Stipulicida  (Josting).  Amongst  the 
representatives  of  the  Caryophylleae  (especially  the  members  of  the  Poly- 
carpeae)  investigated  by  JSsting,  stomata  of  the  Can^ophylleous  type  are  only 
present  in  Spergularia  and  Loeflingia^  but  not  in  Spergula  nor  m  numerous 
other  Polycarpeae  examined  in  addition  to  Loeflingia  (see  also  Liiders,  loc.  cit.). 
Colobanthus  kerguelensis.  Hook,  f .  has  a  one-layered  hypoderm  above  the  lower 
epidermis  (Mardner).    On  the  occurrence  of  water-pores,  see  Spanjer,  loc.  cit. 

Neither  unicellular  clothing  hairs,  nor  even  unicellular  trichomes  of  any 
kind  occur  in  this  Order.  Jostmg's  statement  as  to  their  occurrence  in  Pofy- 
carpaea  is  certainly  incorrect  in  the  case  of  P.  Teneriffae^  Lam.,  and  probably 
also  P.  Candida,  Webb  et  Berth.  The  branched  multicellular  hairs  are  more 
or  less  distinctly  sympodial  in  structure  ;  they  have  the  form  of  a  candelabra 
or  stellate  hair  {Cerastium  mollissimum,  Poir.,  Polycarpon  Loeflingiae,  Benth. 
et  Hook.),  or  one  with  two  or  more  arms  (Cerastium  dicrotrichum,  Fenzl,  and 
species  of  Polycarpaea,  including  P.  Teneriffae).  Trichomes  similar  to  those 
found  in  Polycarpaea  appear  to  be  present  also  in  Stipulicida,  according  to 
Liiders.  The  uniseriate  glandular  hairs  with  a  unicellular  head  are  also  found 
in  Loeflingia,  Spergula  and  Spergularia  (on  the  inflorescence). 

3.  Structure  of  the  Axis.  The  structure  of  the  stem  has  recently  been 
investigated  in  the  Sileneae  and  Alsineae,  chiefly  by  W.  Meyer,  and  in  the 
Polycarpeae,  especially  by  Josting.  The  statements  of  the  earlier  authors 
have  in  some  cases  beoi  confirmed  by  these  researches,  in  other  cases  extended. 
With  reference  to  the  structure  and  position  of  the  mechanical  ring  and  its 
occasional  absence,  see  the  papers  cited. 

The  development  of  cork  in  Polycarpaea  also  takes  place  immediately 
on  the  inner  side  of  the  pericyclic  strengthening  ring. 

In  the  following  additional  cases  anomalous  zones  of  growth  have  been 
observed :  by  me,  m  the  axis  of  Polycarpaea  aristata,  Chr.  Sm.,  P.  carnosa, 
Osr.  Sm.,  P.  filiformisy  Webb,  P.  latifolia,  Poir.,  P.  micropkyUa,  Cav.,  and 
P.  Smithii,  Link  ;  by  Josting,  in  the  root  of  Ortegia  hispanica,  L.,  Polycarpaea 
Teneriffae,  Lam.,  Polycarpon  peploides,  DC,  Spergula  arvensis,  L.,  S.  Morisonii^ 
Boreau  and  Spergularia  rubra,  Presl ;  by  Liiders,  in  the  root  of  unnamed 
species  of  Cerdia,  Pycnophyllum  and  Stipulicida. 

The  development  of  the  secondary  zones  is  probably  *  in  all  cases  extra- 
fascicular. 

Literature:  Costantin,  Tiges  a^.  et  sout.,  Ann.  sc  nat.,  sir.  6,  t  xvi,  1883,  p.  80  et  scq. — 
[Damanti,  Nettarii  eatrannz.  otWa.  Silene  fuscata^  Gioni.  Soc.  d*acclimaz.  et  agr.  in  Sicilia,  1885, 
p.  loi  ;  according  to  Tost,  1885,  i,  p.  745.] — Bdrgesen,  Arkt  pi.  bladbygn.,  Bot.  Tidsskrift,  zix, 
1895,  p.  aio  et  leq.— &hiibert,  Parenchjmscheiden,  Bot.  Centralbl.  1897,  iii,  pp.  472-4. — Gnflroy, 


Dianthus,  Bnll.  Soc  bot.  de  France,  1808,  p.  343.— Spanjer,  Wasaerapparate,  Bot  2Seit,  1898,  p.  53. 
— [Clements,  Histog.  of  the  CaryophylUlei,  I,  Transact.  Amer.  Microscop.  Soc.,  xx,  1899,  pp.  67- 
164  and  pi.  Tiii-xxv ;  see  also  Contribs.  from  the  bot.  Lab.,  Univ.  of  Nebraska.]--- W.  Meyer,  VergL 


Anat.  d.  CaryophvlL  n.  Primnlaceen,  Diss.,  Gottingen,  1899,  74  PP* — W.  Meyer,  Einflnss  etc.,  BoL 
Centralbl.  18199,  iu,  p.  337  et  seq.— Kearny,  in  Contribs.  U.S.  Nat.  Herb.,  y,  5, 1900,  p.  303. — ^Thomas, 
Fenilles  sout,  Th^  Paris,  1900. — Pitard,  P^ricyde,  Th^,  Bordeaux,  1901,  p.  49. — Bouygnes, 


*  Concerning  Spergularia  see  also  Jostiog,  loc.  cit,  pp.  166  and  i8o. 


Digitized  by 


Google 


ADDENDA— CARYOPHYLLEAK  833 

Petiole,  Thte,  Puis,  i^oa^  p.  18.— Clanditz,  BUttanat  canar.  Gew^  Diss.,  Btsd,  ijk)^  (J^lene),-^ 
JSfdxig,  AnaL  der  Spereuleen  etc.»  Beih.  bot  CentnlU.,  xii,  190a,  pp.  139-80  and  Tab.  iii-iY.— 
Mardner,  PhaiL-Vn^.  d.  Kergnelen,  Din.,  Basel,  1903  (CoManthus), — ^Amar,  Oxalate  de  calcimn, 
etc.»  Compt  rend.  Parisy  cxnvi,  1903*  pp^j^i,  908. — [Axmari,  Piante  della  1^.  medit,  Amu  di 
bot,  i,  1903^  j?^  '7  ^  >^*  (/>Mif/Af«i).')— Tbeorin,  Vazttrichom.,  Axldy  for  Bot,  C  1903,  p.  i^a ;  see 
also  loc.  dL,  lii,  n.  5,  1904,  p.  9,  and  ir,  n.  18,  1905,  p.  6. — Fieidenfeldty  Anat.  Ban  der  Wnrz., 
BibL  bot,  H.  61,  1904,  pp.  38-|5.^Solereder,  Mycarpaea  filiformis^  BnlL  Herbier  Boissier,  1904, 
p.  435  et  seq.— Siissengnth,  Bdiaaningsverfa.  der  Wiirzb.  Maschelkalkpfl.»  Diss.,  Wiirzboig,  IQ04, 
p.  aa. — Sarton,  Anat  d.  pi.  affines,  Ann.  sc  nat,  s^.  9,  t.  ii,  1905,  pp.  X07--9  {Safotuuiifi, — 
Weberbaner,  Veget  d.  Hochanden  Perns,  in  Engler,  bot  Jahrb.,  xxxfii,  1905,  p.  (>o  et  seq. — 
Danphln^,  Rhizcoies,  Ann.  sc  nat,  s^.  9,  t.  iit»  1906,  p^  355  et  seq.^-Liideis,  Syst.  Untersnch. 
aber  die  CaryophylL  mit  einfachem  Dia^framm,  IHss.,  Erlangen,  1907,  pp.  33-38. — [Maheu  et 
Combes,  Format  sub^ro-phdlod.  anonn.,  BnlL  Soc  bot  de  France,  1907,  p.  430  et  seq. 
(.Gypsophilayi 

PORTULACEAE  (pp.  111-113). 

The  genus  Lenzia  (with  L,  chamaepitys,  Phil.)  is  placed  amongst  the 
Genera  incertae  sedis  in  Durand's  Index,  and  is  given  as  a  doubtful  member 
of  the  Amarantaceae  in  Engler  and  Prantl,  but  is  considered  hy  Reiche  to 
belong  to  the  Portulaceae.  In  this  genus  the  structure  of  the  axis  is  normal. 
The  transverse  section  shows  a  number  of  isolated  vascular  bundles  arranged 
in  a  ring,  and  a  continuous  pericyclic  ring  of  mechanical  tissue.  The  leaves 
are  hard,  and  are  provided  with  a  membranous  margin.  On  the  lower  side 
they  have  a  hypoderm  composed  of  thickened  but  not  lignified  cells  elongated 
in  the  same  direction  as  the  leaf  ;  on  either  side  of  the  leaf  this  hypoderm  projects 
beyond  the  assimilatory  tissue,  which  consists  of  rounded  cells,  and  thus 
constitutes  the  membranous  margin  of  the  leaf.  The  assimilatory  tissue  is 
traversed  by  a  median  vascular  bundle.  Nmnerous  stomata  are  found  on  the 
upper  side  of  the  leaf. 

With  reference  to  the  hairy  covering  we  may  mention  Reiche's  statements 
regarding  Calandrinia.  The  papillae  on  the  multiseriate  shaggy  hairs  are  in 
some  cases  rather  strongly  developed,  so  that  *  pili  plumosi '  result,  and  occa* 
sionally  a  papillose  branch  terminates  in  a  glandular  head. 

Literatnre:  Reiche,  Ca/oftdrinia,  Ber.  dentsch.  bot*  Gesellsch.,  189^,  p.  493  et  seq.— Gasparis, 
Tessuto  assimil.  del  genere  J^ortu/dca^  Rendiconti  Accad.  Sc.  fis.  e  mat  Napoli,  1901,  pp.  aoi,  aoa. 
^Holm,  daytama^  Mem.  Nat  Acad,  of  Sc.,  Washington,  z,  IQ05,  pp.  37-37 ;  abstr.  in  Bot 
Centralbl.  loi,  p.  5.}— Rdche,  Syst  Stellnng  voo  Lenzia^  m  Engler  bot  Jahrb.,  xzxvi,  1905,  pp.  84, 
85.— [Holtermann,  Einflnss  d.  Klimas,  1907,  p.  87.] 

TAMARISCINEAE  (pp.  113-116). 

2.  Structure  of  the  Leaf.  In  the  first  place  we  may  add  that  in  the 
species  of  Tamarix  and  Myticaria  which  have  been  investigated,  the  stomata 
are  restricted  to  the  upper  side  of  the  leaf  (Vesque  and  Kohne). 

Regarding  Fouauiera  the  following  statements  may  be  added.  The 
structure  of  tiie  leal  varies  from  bifacial  to  centric.  The  stomata  have  no 
subsidiary  cells.  Oxalate  of  lime  is  present,  and  is  deposited  in  the  form  of 
solitary  crystals  in  the  cortex,  and  of  structures  resembling  sphaerites  in  the 
midrib  of  the  leaf.  Unicellular  clothing  hairs  have  likewise  been  observed. 
The  conversion  of  the  persistent  part  of  the  leaf  into  a  thorn  is  due  to  the 
presence  of  a  zone  of  sclerenchymatous  fibres ;  in  the  basal  portion  of  the 
petiole  this  zone  occupies  the  whole  of  the  space  between  the  lower  epidermis 
and  the  fibrovascular  S3^tem,  whilst  higher  up  in  the  petiole  it  gradually 
narrows  down  so  as  merdy  to  form  a  subepidermal  group  of  cells  separated 
by  parenchymatous  ground-tissue  from  the  vascular  system,  as  seen  in  trans- 
verse section ;  finally,  the  fibrous  zone  terminates  in  a  point,  which  is  either 
located  in  the  petiole  or  most  frequently  in  the  lower  or  middle  part  of  the 
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midrib  of  the  leaf.  At  the  end  of  the  vegetative  period  the  remaining  parts 
of  the  petiole  and  lamina  become  detached  from  this  mass  of  sclerenchymatous 
fibres,  which  then  constitutes  the  foliar  thorn  found  in  the  species  of  Fouquiera. 
The  fibrous  zone  may  be  regarded  as  a  continuation  of  the  layer  of  scleren- 
chymatous fibres  found  in  the  primary  cortex  (see  below). 

3.  Structure  of  the  Branch.  In  the  first  place  we  may  notice  the 
characteristic  structure  of  the  outer  zone  of  the  primary  cortex,  conunon 
to  all  the  species  of  Fouquiera.  This  zone  originates  by  secondary  division 
of  the  subepidermal  layer  of  cells  and  consists  either  entirely,  or  only  at  certain 
points  corresponding  to  the  leaves  situated  immediately  above,  of  a  tissue 
composed  of  elongated  sclerosed  elements  with  narrow  lumina  and  varying  in 
the  extent  of  its  development  according  to  the  species.  In  older  axes  cork- 
formation  sets  in  on  the  inner  side  of  this  sclerenchymatous  zone,  the  cork 
consisting  of  cells  with  thin  walls  and  wide  lumina.  The  pericycle  contains 
isolated  groups  of  bast-fibres  only  in  certain  species  of  Fouquiera  {F,  spinosa^ 
Torr.  and  F.  columnaris^  Kell.).  According  to  Van  Tieghem,  secondary  hard 
bast  is  not  developed  in  Fouquiera.  It  still  remains  doubtful  whether  the 
*  horn-leaves '  (Homblatter)  found  in  older  stems  of  Fouquiera  splendens^ 
Engelm,  and  investigated  in  detail  by  Schaer,  are  really  part  of  the  secondary 
cortex,  as  this  author  assumes,  or  belong  to  the  sclerenchymatous  tissue  above 
mentioned.  These  structures  contain  what  is  known  as  Ocotilla-wax,  and 
are  composed  of  pecuhar  fibrous  cells,  glued  to  one  another  by  a  substance 
resembling  wax;  similar  substances  are  also  present  in  the  thick  cellulose- 
walls.  For  details  as  to  the  nature  of  the  pencycle  in  Tamarix  africana  and 
Myricaria  germanica^  see  Pitard,  loc.  cit. ;  m  these  two  species  the  pericycle, 
even  in  branches  of  slight  thickness,  includes  a  composite  and  continuous 
sclerenchymatous  ring,  which  subsequently  gets  spUt  open. 

literature:  Poision,  Opines  de  V/dria  columnaris,  Boll.  Mas.  d*hist  nat.,  i,  1895,  pp.  278,  a7<). 
-"-Schaer,  Fouquiera  splendms^  Archiv  d.  Pharm.,  236,  1898,  pp.  1-8. — Kohne,  Papulen,  Mittetl. 
deiitKh.  dendrolog.  Gesellsch.,  1899,  p.  51. — ^Van  Ti^jhem,  Faaqnieriao^  Jonnu  de  bot,  1899, 
pp.  293-301. — Petersen,  Vedanatomi,  1901,  pp.  42,  43  {Myritaria), — Pitaid,  Pericycle,  Thne. 
Bordeaux,  1901,  pp.  73,  74. — Jonsson,  Anat.  Ban  d.  Wiistenpfl.,  Lnnds  Uniyers.  Aiaskrift,  xxxviii, 
1902,  p.  39. — [Robinson,  Spines  of  Fouquiera,  Bnll.  Torrey  Bot.  Club,  xxxi,  1904,  pp.  45-50.] — 
Ffcdoii,  Legnami,  Bull.  Siena,  1906,  p.  129. — [Holtermann,  Einfluss  d.  KUmas,  1907,  p.  92 
( Tamarix).] 

HYPERICINEAE  (pp.  117-120). 

1.  Anatomical  Features.  In  Endodesmia  the  cork  develops  in  a  sub- 
epidermal position,  so  that  superficial  cork-formation  also  occurs  in  this  Order, 
llie  stellate  hairs  are  accompanied  by  simple  unicellular  or  uniseriate  trichomes 
with  thin  walls  and  wide  lumina.  Papillose  differentiation  of  the  epidermis 
of  the  leaf  has  recently  been  observed  in  species  of  Cratoxylon^  Endodesmia^ 
Haronga^  and  Hypericum.  Hypoderm  has  been  recorded  in  the  leaf  in  species 
of  Harongay  Hypericum  and  Psorospermum.  Interxylary  phloem  has  b^n 
met  with  in  the  wood  of  Endodesmia  calophylloidesy  Benth. 

2.  Structure  of  the  Leaf.  Nearly  all  the  species  of  Hypericineae 
investigated  by  Kexel  and  Weill  *  have  bifacial  leaf-structure,  the  palisade- tissue 
in  most  cases  consisting  of  a  single  layer  of  cells.  Certain  species  of  Hypericum 
(H.  CoriSy  L.,  H.  ericotdes,  L.,  H.  procumbens)  have  rolled  leaves.  In  Hyperi- 
cum ericoides  the  upper  epidermal  cells  bear  papillae  which  are  solid.  Papillose 
differentiation  of  the  lower  epidermis  is  found  in  H.  procumbens  (only  in  the 
furrows),  H.  Roeperianum,  Schimp.,  Haronga  madagascariensis,  Choisy,  Cra- 


^  Weill*!  inveitigationi  extend  to  all  the  genera. 
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toxyion  pdyarUhum^  Korth.,  and  I  have  myself  found  it  also  in  Endodesmia 
caiophyUoides,  In  Hypericum  Richerii^  Vill.,  on  the  other  hand,  only  isolated 
epiaennal  cells  on  both  sides  of  the  leaf  are  produced  into  i)apillae.  I  find 
the  papillae  present  in  Haronga  tnadagascariensis  to  be  particularly  charac- 
teristic ;  they  are  long,  finger-shaped,  and  rather  thick-walled  structures, 
which  are  frequently  divided  by  transverse  walls  and  are  sometimes  fused 
with  one  another.  Hypoderm  is  present  on  the  upper  side  of  the  leaf  in 
Haronga  madagascariensis,  Hypericum  nanum^  Vismia  aealbata^  H.  B.,  V.  ferru' 
ginea^  H.  B.,  V.  guianensis,  DC.,  F.  patviflora,  Cham,  and  V.  viridiflora,  Duch. ; 
on  the  lower  side  of  the  leaf  in  Hypericum  nanum  and  Psorospermum  febri- 
fugumy  Spach.  Weill  comes  to  the  conclusion  that  the  stomatal  types  found 
in  the  Hypericeae  on  the  one  hand,  and  in  the  Cratoxyleae  and  Vismieae  on 
the  other,  do  not  present  so  uniform  a  character  as  Vesque  maintains.  Weill's 
investigations  do  not  however  appear  to  me  to  be  quite  reliable  from  this 
point  of  view,  since  in  Endodesmia  calophyUoides^  Haronga  madagascariensis 
and  Vismia  ferruginea  I  was  able  to  demonstrate  the  occurrence  of  the 
Rubiaceous  type,  which  is  contrary  to  Weill's  statements.  In  exceptional 
cases  {Hypencum  hyssopifolium^  L.)  stomata  also  occur  in  small  numbers  on 
the  upper  side  of  the  leaf. 

In  his  description  of  the  secretory  cavities,  which  are  filled  with  brown 
contents,  Weill  again  disputes  their  schizogenous  origin,  and  states  that  they 
arise  from  a  group  of  secretory  cells,  in  which  the  separating  walls  can  ulti- 
mately no  longer  be  demonstrated. 

Tlie  hairy  covering  invariably  consists  of  clothing  hairs  with  thin  walls. 
The  hairs  found  in  the  species  of  Hypericum  are  unicellular  or  uniseriate,  and 
in  the  latter  case  consist  of  from  two  to  many  cells,  which  vary  in  length  and 
shape — sometimes  even  in  the  same  trichome.  I  have  examined  the  stellate 
or  tufted  hairs  found  in  Vismia  (also  V,  ferruginea^  H.  B.)  and  Haronga ; 
they  have  numerous  short  ray-cells  with  thin  walls  and  wide  lumina,  the  rays 
being  inserted  at  different  levels.  Weill's  statement  as  to  the  occurrence  of 
stellate  hairs  with  a  star-shaped  terminal  cell  in  Vismia  lauriformis,  Choisy, 
V.  ferruginea^  H.  B.  and  Psorospermum  febrifugum^  Spach,  as  well  as  the 
corresponding  figures,  are  incorrect  as  far  as  F.  ferruginea  is  concerned,  and 
the  remaining  cases  require  reinvestigation.  In  Psorospermum  senegidense, 
Spach  \  the  same  author  records  only  simpler  uniseriate  hafars  with  cells  of 
unequal  length. 

3.  Structure  of  the  Axis.  The  wood  of  Endodesmia  calophyUoides  con- 
tains exceptionally  numerous  islands  of  soft  bast,  the  innermost  being  found 
in  the  immediate  neighbourhood  of  the  pith,  which  has  a  four-rayed  outline 
in  transverse  section  ;  I  am  able  to  confum  this  statement  on  the  basis  of  an 
investigation  of  material  of  this  species  collected  by  Zenker.  The  outer 
(normsd)  soft  bast  is  reduced  in  this  case.  The  mode  of  origin  of  the  interxylary 
phloem  yet  remains  to  be  determined.  The  wood  of  Endodesmia  exhibits  the 
following  structural  features :  (a)  the  medullary  x^ys  are  narrow ;  (6)  the  vessels 
are  isolated  and  some  of  them  are  of  large  size,  the  lumina  invariably  being 
rounded ;  they  have  simple  perforations,  and  the  walls  bear  relatively  large 
simple  pits  as  well  as  bordered  pits  in  contact  vath  parenchyma  of  the  medullary 
rays  ;  (c)  the  wood-prosench5mia  is  covered  with  small,  but  distinct  bordered 
pits. 

The  pericycle  in  Vismia  also  contains  a  ring  or  isolated  groups  of  bast-fibres. 
According  to  my  own  investigation  Endodesmia  possesses  a  composite  and 


*  I  did  not  observe  any  capitate  hairs  Cpoils  capita  4  la  face  inf<irieiire*)  in  Endodetmia^ 
although  I  met  with  papillose  protnuion  of  the  lower  epidermal  cells  (tee  above). 
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continuous  ring  of  sclerenchyma  in  the  pericycle.  In  Craioxyhn  pdyanthum^ 
according  to  Stepowski,  a  zone  of  bast-fibres  is  situated  immediately  beneath 
the  epidermis  of  the  stem,  and  on  the  inner  side  of  this  zone  there  is  a  layer 
of  stone-cells»  the  inner  tangential  walls  of  which  are  thickened.  The  mst 
cork  in  Endodesmia  is  developed  in  the  subepidermal  layer  of  cells  and  not  in 
the  pericycle,  as  was  previously  stated ;  in  jPsarospermum  febrifugum^  on  the 
other  hand,  it  arises  in  the  pericyclic  parenchyma.  The  cells  of  the  cork  in 
Endodesmia  exhibit  a  U-shaped  thickening,  mvolving  the  outer  tangential 
and  the  radial  walls.  In  Psarospermum  febrifugum  the  cork  consists  of  alter* 
nating  layers  of  unsuberized  cedls  and  of  uniformly  sclerosed  cells,  which, 
however,  have  fairly  wide  lumina;  the  former  are  elongated  in  the  radial 
direction,  and  are  occasionally  subdivided  by  a  tangential  wall.  The  periderm 
in  the  root  of  Hypericum  Przewalskii^  Maxim,  shows  a  similar  structure* 
Prior  to  this  J.  E.  Weiss  had  already  described  the  occurrence  of  unsuberized 
cells  (phelloid  cells)  in  species  of  Hypericum, 

^.  )For  the  distribution  of  the  secretonr  organs,  which  Weill  classifies  as  '  canaux  * 
(m  the  pericyde  and  bast,  sometimes  also  in  the  pith), '  poches  fusiformes  '  (in  the 
primary  cortex,  rarely  in  the  pith)»  and  '  poches  sph^nques  ou  ovoldes '  (in  the 
mesopnyll),  and  for  the  branching  of  the  medullary  secretory  canals,  see  Weill's 
paper  cited  below. 

Literature :  Jodin.  Org.  8^cr6t,  Thbe,  Montpellier,  1888,  p.  61^  et  leq.— J.  E.  Weiss,  Korkbild. 
Denkschr.  bot.  GeseUsch.  Rej 
— Kexel,  Anat  d.  Lanbbl.  o.  I 
and  TaK— Meehan,  Pellndd 


Vffypericum  caiycitmm,  Toam.  de  bot,  1903,  pp.^6^8.-^ussengiith,  Beh'samngsveA.  dcr  Wilrzbu 
Muschelkalkpfl.,  Diss.,  Wiirsburg,  1904,  p.  25. — Sarton,  AnaL  d.  pi.  affinet,  Ann.  sc  nat,  s6r.  9, 
t.  iiy  1905,  pp.  97,  98  {Ifypericum). — Stepowsid,  V^.  Org.  d.  Bnrseraceae  et&,  Diss.,  Bexn,  1905, 
pp.  100-9  \CraioxyloH).^^oVi  and  Janssonins,  Mikrograpbie  d.  Holzes,  Heft  i,  Leiden,  1906, 
pp.  339-49  {Cratoxyhnyi 

GUTTIFERAE  (pp.  120-126). 

3.  Structure  of  the  Axis.  In  Mesua  ferrea,  L.  the  primary  cortex 
contains  a  ring  of  stone-cells,  which  is  only  separated  from  the  epidermis  by 
a  sii^e  layer  of  cells  (Stepowski).  The  pericvcle  in  Mammea  americana 
and  Kkeedia  kUerifolia  contains  a  composite  and  continuous  ring  of  scleren- 
chyma, which  indudes  U-shaped  stone-cells  (Ktard).  In  CalophyUum  Ino- 
piiyUum,  L.  the  bordered  pits  on  the  vessels  have  a  sieve-like  structure 
(Ursprun^),  whUst  connecting  bands  of  wood-parenchjona  are  found  also  in 
Symphonta  gabonensis,  Pierre  and  Peniadesma  bufyracea,  Don  (Lecomte). 
Tlie  fruiting  axes  of  Tovomita  guianensis  show  polysteUc  structure. 

Literature :  Leblois,  Thvlles  d.  can.  s^cr^t,  Boll.  Soc.  bot.  de  France,  1887,  p.  186.— Tadin, 
Org.  sto^,  Thte,  Montpdlier,  1888,  p.  56  et  seq.— Joosson,  Anat  Ban  d.  BL,  Acta  Uniy.  Lund, 
xxxii,  a,  1896. — Urspnmg,  Anat  n.  JahresbUd.  trop.  Holzarten,  Diss.,  Basel,  1900,  pp.  8-10 
iCahphyUum  InopkyUumy^YiXxc^  PMcyde,  Thte,  Bordeanx,  1901,  p.  66.— Barpi^li-Petmoci, 
Legnami,  Malpighia,  190a,  p.  336  et  seq.  {JCalopkyUum^  Gardn$a),—mtad,  Polyst^be,  Act  Soc. 
Linn,  de  Paris,  s^r.  6,  t  vii,  1903,  p.  Izriil — [Lecomte,  Qnelqaes  bois  du  Congo,  BolL  Mns. 
d*hist  nat,  1903,  p.  80;  according  to  Bot  CentralbL,  zdi,  p.  407.]— Arescfaong,  Trop.  vait 
bladbyggn.,  Sv.  Vet  Akad.  Handl.,  30,  n.  a.  1905,  pp.  18-3 1,  Tab.  1,  ii,  viii,  iz  {Gofxtnia), — 
Stepofniki,  Veg.  Org.  d.  Baneraoeae,  uipterocarpeae  u.  Gnttilerae,  Diss.,  Bon,  1905,  pp.  97-122 '. 
— [For  additional  literature,  see  p.  11 70. J 

'  The  Cratoxylon  polyanthum^  mentioned  by  Stepowski  in  this  paper,  diverges  from  the  remain- 
ing Gnttiferae  in  its  anatomical  stmcture,  and  is  a  member  of  the  Hypericineae.  The  three-layered 
epidermis  mentioned  by  the  same  amhor  as  occurring  in  the  stem  of  Clusia  Criuva,  Carab.  is 
probably  of  the  nature  of  cork. 
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TERNSTROEMIACEAE  (pp.  127-136). 

1.  The  following  Anatomical  Features  have  been  newly  recorded : — 
uniseriate,  multicellular  clothing  hairs  and  glandular  hairs  in  the  genus  Acti- 
nidia  ;  tufted  hairs  with  unicellular  ra)rs  in  Gardonia  LasiatUhus  and  Lacathea 
pubescens ;  and  the  occurrence  of  oxalate  of  lime  in  the  epidermis  of  the  leaf 
m  species  of  Temstroemia,  To  the  list  of  genera  possessing  sclerenchymatous 
idioblasts  in  the  mesophyll  the  following  should  be  added :  CatneUid  (incl. 
Thea)  and  Eurya,  which  were  omitted  by  mistake^  and  are  considered  under 
the  structure  of  the  leaf ;  further,  the  genera  Lacathea^  Nabiasodendron,  and 
Ruyschia,  and,  if  I  understand  Pitard  rightly,  also  Adinandra^  Pyrenaria  and 
Tremanihera. 

2.  Structure  of  the  Leaf.  The  anatomy  of  the  leaf  in  the  species  of 
Thea  has  recently  been  investigated  by  Kochs  *.  According  to  him  the 
characteristic  features  of  the  genus  are  Uie  bifacial  structure  of  the  leaf,  the 
absolute  restriction  of  the  stomata  with  their  3-4  narrow  neighbouring  cells 
to  the  lower  leaf-surface,  and  the  sclerenchymatous  idioblasts  found  m  the 
mesophyll.  For  the  purposes  of  specific  distinction  the  varjdng  size,  shape 
and  contents  of  the  epidermal  cells  are  more  particularly  made  use  of. 

The  occurrence  of  sclerenchymatous  idioblasts  m  the  mesophyll  has 
recently  been  recorded  by  A.  Richter,  Francken,  Paoli,  Pitard  and  myself 
in  the  following  additional  species :  Camellia  Sasanqua^  Thunb.,  Lacathea 
pubescens  (here  extendinjgf  from  one  epidermis  to  the  other),  Marcgravia  recti- 
flora^  Tr.  et  PL',  Af.  Sintenisii^  Urb.  and  M.  umbeUata^  L.  (asterosclereids), 
Nabtasodendron  ('sclfrites  noduleux'),  Ruyschia  clusiaefoUa,  Jacq.  (astero- 
sclereids), Temstroemia  Toquian^  ViU.  (internal  hairs) ;  regarding  the  species 
of  Thea^  see  also  Kochs,  loc.  cit. 

The  diverse  anatomical  structure  presented  by  the  dimorphic  leaves  of  the 
Marcgravieae  has  been  reinvesti^ted  by  A.  Richter  and  Paoli  with  reference  to 
Juel's  work.  According  to  A.  Richter,  the  most  essential  features  of  the  leaves  on 
the  orthotropic  shoots  of  Marcgravia  umbellata  as  compared  with  those  on  the 
plagiotrofnc  shoots  are  the  presence  of  hypoderm  on  the  upper  side  of  the  leaf 
and  of  numerous  branched  idioblasts  in  the  spongy  tissue,  the  smaller  number 
of  stomata  on  the  upper  and  the  larger  number  on  the  lower  side,  the  different 
structure  of  the  guard  cells,  the  somewhat  stronger  development  of  the  palisade 
tissue,  and  the  smaller,  lliough  more  numerous  chloroplasts  in  the  palisade 
parench3rma.  Paoli  describes  the  following  characters  as  distinctive  of  the  leaves 
on  the  fertile  shoots  as  compared  with  those  on  the  sterile  shoots :  relatively  small 
epidermal  cdls  on  both  sides  of  the  leaf,  a  hypoderm  on  the  upper  side,  a  palisade 
ot  elongated  cells,  and  numerous  sclerenchymatous  idioblasts  in  the  spongy  tissue* 

In  the  ^enus  Siachyurus^  which  S3^tematists  in  recent  times  have  regarded 
as  constitutmg  a  separate  Order  (Stachyuraceae),  oxalate  of  lime  is  excreted 
in  the  form  of  clustered  crj^tals  (in  the  primary  cortex  and  medullary  rays 
of  the  bast  of  the  branch)  (Van  Tieghem).  I  have  myself  noticed  small  ceUs 
filled  with  clustered  crystals  and  pla<^  singly  or  in  pairs  in  the  lower  epidermis 
of  the  leaf  in  Temstroemia  Toquian^  Vill. ;  these  cells  often  give  the  appearance 


1  Unfortmuiteljr  Kochs'  itatemeats  are  not  tufficiently  explicit.  To  ensure  proper  comprehensioo 
of  his  metning,  it  is  necessary  to  reinTestigmte  the  nuU^ial  he  examined,  llins  he  speaks  of 
'  epidermal  cells  lyine  partly  side  by  side  and  partly  one  above  the  other*  (-ra  locally  two-layered 
epidermis^  or  of '  ismated,  relatively  lai^e  cells,  probably  containing  air  (!)  and  frequently  penetrat- 
ing sli^tly  into  the  tissue  of  the  leaf'  (perhaps  mncilafi;inoas  epidecmal  cells),  and  so  on. 

'  Tbt  small  septate  tabes  which  are  described  and  figured  bv  A.  Richter  in  the  mesophyll  of 
this  species,  and  wnich  branch  like  the  threads  of  a  mycelium,  are  almost  doubtless^yoeual  fila- 
ments ;  they  are  not  mentioned  by  PaoU. 
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of  the  clustered  crystals  being  merely  embedded  in  the  common  wall  of  contact 
between  the  crystal-idioblasts  and  the  adjoining  epidermal  cells.  In  another 
undetermined  species  of  Temstroemiaf  collected  by  Loher,  I  found  solitary 
crystals  in  certain  of  the  upper  epidermal  cells,  which  scarcely  differed 
from  the  others.  According  to  Dunac,  styloids  occur  also  in  Aciinidia  (A. 
ckinensis). 

In  amplification  of  the  previous  statements  about  the  hairy  covering  we 
may  first  notice  that,  according  to  Dunac,  the  genus  Actinidia  possesses  the 
following  types  of  luurs  in  addition  to  unicellular  clothing  hairs :  uniseriate 
trichomes;  shaggy  hairs  (A.  Kolomicta^  A.  polygama^  A.  tufa.  A,  strigosa^ 
A.  tetramera) ;  stellate  hairs  (^4.  Chatnpioni  and  A.  chinensis) ;  and  also  short 
glandular  hairs  (A.  Kolomicta).  The  tufted  hairs  mentioned  by  Pitard 
(treatise  II)  as  occurring  in  Gordonia  Lasianthus  and  Lacathea  pubescens  are, 
according  to  my  own  investigation,  of  the  first  of  these  species,  composed  of 
2-4  ray-cells,  arranged  like  a  fan. 

According  to  Kochs,  most  species  of  Thea  exhibit  a  tendency  to  form 
cork-warts  on  the  lower  surface  of  the  leaf.  Extra-floral  nectaries  are  found, 
for  example,  in  Marcgravia  reUiflora^  where  they  occur  in  scattered  arrange- 
ment on  the  lower  side  of  the  leaf,  being  15  in  nimiber  and  -5-1  nmi.  in 
diameter  ;  in  ilf .  umbdUUa^  on  the  other  hand,  they  are  present  to  the  number 
of  four  or  five  at  the  base  of  the  leaf  (PaoU).  In  the  latter  species  they  consti- 
tute small  pit-like  depressions,  the  epidermis  of  which  is  differentiated  as 
an  epithelium. 

Detailed  statements  as  to  the  structure  of  the  petiole  are  made  by 
Pitard  (II),  although  his  observations  only  extend  to  members  of  the  Trib^ 
Gordonieae  and  Temstroemieae,  or  in  other  words  to  Pitard's  two  groups, 
Temstroemi6es  and  Th66es  ^  In  these  groups  the  base  of  the  petiole  usually 
contains  a  single  vascular  bundle,  which  is  often  very  much  r^uced,  and  in 
transverse  section  has  the  shape  of  a  U  or  a  widely  open  semilunar  form. 
InroUing  of  the  margins  of  the  furrow  formed  by  the  vascular  bundle  only 
occurs  in  Freziera.  In  a  few  cases  (F.  reticulata)  the  vascular  system  is  divided 
into  three  bundles.  According  to  Van  Ti^hem,  three  vascular  bundles  enter 
the  leaf  in  Stachyurus,  these  bundles  being  distinct  from  one  another  in  their 
course  through  the  petiole. 

3.  Structure  of  the  Axis.  In  all  the  members  of  the  Order  investi- 
gated by  Pitard  the  wood  contains  isolated  vessels  with  narrow  lumina  and 
numerous  very  delicate  medullary  ra)^. 

In  Pitard's  sub-tribes  Temstroemieae,  Adinandreae  and  Schimeae,  the 
development  of  the  cork  takes  place  in  the  subepidermal  layer  of  ceUs,  whilst 
in  the  Haemocharideae  and  CamelUeae  the  cork  arises  in  the  pericyde.  In 
Siachyurus  *,  according  to  Van  Ti^hem,  the  phellogen  appears  in  the  epidermis. 
In  the  Camellieae  the  primary  cortex  is  cast  off  at  an  early  stage  as  a  result 
of  cork-development,  whilst  in  the  Haemocharideae  it  remains  on  the  branch 
for  a  long  time. 

In  the  Temstroemieae  sens.  str.  and  Schimeae,  as  well  as  in  the  Theeae, 
the  primary  cortex  contains  abundantly  branched  sclerenchymatous  idioblasts 
with  long  and  pointed  arms ;   in  the  Adinandreae,  on  the  other  hand,  the 


*  For  the  sake  of  brevity  at  thii  point  and  in  my  snbseouent  synopsis  of  Pitard's  (u)  investiga- 
tions on  the  strncture  of  the  axis,  I  here  append  the  system  of  dassification  established  by  nim,  ini^ch 
anatomical  characters  are  taken  into  oMisideration :  I,  Temstroemieae:  i,  Temstroemieae  tens, 
strict. :  Temstrpemia,  Ann<slea ;  a,  Adinandreae :  Adinandra ,  Visma,  C/eyeru,  JSutya,  FmUra^ 
Tr€ma»Uhera\  3,  Schimeae:  Sckima^  Lacathea^  Gordonia,  II,  Theeae:  I,  Haemocharideae: 
Nakiasod^roH^  ffaemccharis,  Pyrenaria ;  a,  Camellieae :  Camellia^  Thta^  Stewartia. 

'  In  the  root  of  Stackyurus  the  development  of  the  cork  takes  place  in  the  pericyde. 
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idioblasts  in  the  primary  cortex  have  a  more  rounded  shape,  and  only  exhibit 
short  and  blunt  branches.  In  all  the  species  investigated  by  Pitard  (II),  the 
pericycle  of  branches,  which  have  attained  a  thickness  of  5  mm.,  is  composed 
of  scl^osed  cells  as  well  as  of  unlignified  cells  with  thin  walls.  In  the  A<unan- 
dreae  a  composite  and  continuous  ring  of  sclerenchyma  is  subsequently 
developed ;  if  I  understand  Pitard  (in  treatise  I)  rightly,  a  similar  ring  appears 
in  the  species  there  enumerated  by  him  and  belonging  to  CaraipOy  Eurya, 
HaplockUhra,  Kielmeyera,  Mahurea,  Marcgravia,  MarUa^  NoratUea^  Penta- 
pkylax,  Ruyschia^  Sckima^  and  Saurauja  pro  parte,  whilst  isolated  groups  of 
bast-fibres  are  stated  to  occur  in  species  of  Anthodiscus,  Caryocar^  Saurauja 
<pro  parte)  and  Temsiroemia.  In  Caraipa,  Haploclaihra^  Kielmeyera  and 
Marila^  according  to  Pitard  (I),  the  sclerenchyma-ring  includes  stone-ceUs 
•exhibiting  U-shaped  thickening. 

In  the  Temstroemieae  sens.  str.  and  Haemocharideae  the  secondary  bast 
contains  short  fibrous  sclerites,  provided  with  short  branches  (*  scl6rites  fibri- 
formes  noduleux  '),  while  in  the  Adinandreae  and  Schimeae  there  are  numerous 
long  bast-fibres,  which  are  only  wanting  in  Eurya, 

The  pith  is  stated  by  Pif  ard  to  be  in  general  homogeneous,  while  in  the 
CameUieae  it  is  very  heterogeneous. 

It  remains  to  mention  the  pol3^telic  differentiation  of  the  vascular  system 
in  the  fruit-stalks  of  Schima  Noronhae  (Pitard),  in  which  the  normal  rmg  of 
vascular  bundles  is  surrounded  by  rather  numerous  small  steles. 

Strasburgeria, 

This  genus,  which  will  best  be  discussed  at  this  point,  is  included  amongst 
the  Temstroemiaceae  in  Durand's  Index,  being  referred  to  the  Tribe  Gordonieae  ; 
in  the  supplement  to  the  Naturl.  Pflanzenfamilien  it  is  appended  to  the  Ochnaceae 
with  a  query  ;  and  recently  it  has  been  regarded  as  the  type  of  a  separate  Order 
(Strasburgeriaceae)  by  Van  Tieghem.  Anatomically  its  most  noteworthy  features 
are  the  presence  of  mucilage-celk  in  the  ground-tissue  and  the  occurrence  of  cortical 
vascular  bundles. 

Regarding  the  structure  of  the  branch,  or  rather  of  the  cortex,  the  following 
statements  may  be  made.  The  mucilage-cells  lie  singly  or  in  groups  in  the  outer 
portion  of  the  primary  cortex,r  and  are  also  distinguished  from  the  surrounding 
cells  by  their  larger  lumina.  The  cork  develops  in  the  subepidermal  layer  of  cells. 
The  pericycle  at  first  contains  small  isolated  bundles  of  bast-fibres,  but  subsequently 
a  composite  and  continuous  ring  of  sclerenchyma  is  formed.  The  secondary  bast 
includes  neither  bast-fibres  nor  stone-cells.  Crystals  of  oxalate  of  lime  occur  in 
the  pith,  but  there  are  no  mucilage-cells. 

The  petiole  contains  three  isolated  vascular  bundles  and  a  number  of  smaller 
bundles  as  welL    Mucilage-cells  are  found  in  the  petiolar  parenchyma. 

The  lamina  of  the  leaf  presents  the  following  structural  features.  The 
epidermis  consists  of  large  cells.  Certain  of  the  upper  epidermal  cells  contain 
sphaerocr3rstalline  masses  of  unknown  chemical  composition  (not  oxalate  of  lime). 
Beneath  the  upper  epidermis  there  is  a  one-layered  hypoderm,  the  mucilaginous 
cdls  of  which  penetrate  into  the  single  layer  of  paUsade-tissue.  The  stomata  are 
found  otdy  on  the  lower  side  of  the  leaf,  and  are  not  accompanied  by  any  special 
subsidiary  cells.  The  structure  of  the  leaf  is  bifacial.  The  spongy  tissue  contains 
mucilage-cells. 

Liteimtnre :  Pierre,  Flore  forest  de  la  CochinchiDe,  iz,  1888  {Arckyiaea), — Keller,  LoftwnrEelii, 
Diss.,  Heidelbei]^,  1889,  pp.  iS-aa.— Wimaendts  Francken,  Sdereiden,  Diss.,  Utrecht,  1890, 
pp.  40-5. — [CaTani,  Idioblasti  delle  Camelue,  Atti  R.  Istit.  hot.  Pavia,  ser.  a,  vol.  iy,  1895,  p.  37 ; 
according  to  Bot.  Centralbl.  Beib.,  v,  p.  4aa.]~Tschirch-Oesterle,  Atlas,  1895,  p.  9  and  TiU>.  iii. — 
Diinac,  Actimdia,  Compt.  rend.,  Paris,  cxxviii,  1899,  pp.  1598-1601. — A.  Kichter,  Adatok  a 
MarcgraTiaceae  etc.,  Tenn^ssetrajzi  Fiizetek,  1899,  pp.  37-87,  and  Tab.  ii-y. — ^Van  Tieghem, 
ActiiJdie  et  Sanrayie,  Ann.  sc  nat,  s^.  8,  t  x,  1899,  pp.  137-40 ;  also  in  Jonm.  de  bot,  1899, 
pp.  170-3.— Kochs,  7%ui^  in  Engler,  bot  Jahrb.,  xxyii,  1900,  p.  006  et  seq.  (also  Diss.,  Erlangen, 
^3  pp.,  especially  p.  34  et  seq.). — Van  Tieghem,  Stachynractoetc,  Joum.  de  bot,  1900,  pp.  i-d. — 
JPitard  (i),  Pericycle,  Th^,  Bordeanx,   1901,  pp.  60-a  and  90. — Bargagli-Petrucd,  Legnami, 
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Mtlpigfaia,  1903*  P*  334  (^^'^/^om).— Boaygoes,  Petiole,  Theie,  Paris,  looj,  p.  16.— ClaadiU, 
Blattanat  canar.  Ciew.,  !)»•.»  Basel,  190a,  pp.  37,  38  (rmM).— Pitard  (ii),  Poljst^lie,  Act.  Soc. 
Linn.  Bordeaux,  wh,  6,  t  vii,  1903,  C.  R^  p.  Ixviii;  Kaf^.  et  dassificat.  d4»  Terastroemiac,  loc 
dt.,  p.  1  et  seq. ;  Nabiasodendron,  loc  dt^  p.  Vr ;  Visnea  etc.,  loc.  cit,  p.  bdx ;  and  Caract.  anaL 
f/jbu  des  Ternstxoemiac^  loc  dL,  i^.  Ixxi-uodv. — Poolsen,  BladkirtL  hoe  Marcgravim  umbeiUOm, 
Vidensk.  MedddeU.  Kj^boihaTn,  ipoa,  pp.  244-6. — ^Van  Tieghein,  StTasbiixg6rie,  Joam.  de  bot^ 
1903,  pp.  199,  aoa— Paoli,  Eterofillia,  Nnov.  Giom.  bot  ItaL,  xi,  1904,  pp.  a  10-16,  and  Tab.  iu — 
Aieschoiy,  Trop.  vaxt  bladbyggn.,  St.  Vet.  Akad.  Handl.,  29,  n.  a,  1905,  pp.  31,  3a  {Thm),— 
Picdoliy  Legnami,  BolL  Siena,  1906,  p.  149.— [For  additional  uteratnre,  see  p.  117a.] 


DIPTEROCARPEAE  (pp.  136-145). 

1.  Anatomical  Features.  Extrafloral  nectaries  occur  in  Sharea.  Large 
crystal-idioblasts,  the  inner  walls  of  which  are  mucilaginous  or  merely  thicK- 
ened,  are  found  in  the  mesophyll  in  certain  species  of  Doona  and  Hopea.  Silica- 
bodies  are  present  in  the  parenchymatous  tissues  of  the  wood  (according  to 
Bargagli-Petrucd)  in  species  of  Dryobalanops  and  Cotyldobium. 

2.  Structure  of  the  Leaf.  Epidermal  cells  showing  paUsade-like 
elongation,  stomata  with  two  subsidiary  cells  placed  parallel  to  the  pore,  and 

flandular  hairs  with  a  multicellular  peltate  head  are  found  also  in  Vateria 
'eychellarum  (Fabricius).  Gu£rin  records  gdatinization  of  cells  of  the  upper 
epidermis  in  further  species  of  Dipterocarpus^  and  also  in  certain  species  of 
Balanocarpus,  Doona,  nopea  and  Shorea.  The  crystal-idioblasts  observed  by 
the  same  author  in  the  mesophyll  of  Doona  nervosa,  Thw.,  D.  zeylanica,  Thw., 
and  Hopea  cemua,  Teijsm.  et  Binn.»  deserve  special  mention  ;  these  elements, 
which  are  situated  immediately  below  the  upper  epidermis,  have  mucilaginous 
inner  membranes  and  contain  a  solitarv  crystal.  Similar  crystal-cells  are 
found  also  in  other  species  of  Hopea  {a.  dryobalanoides,  Miq.,  H.  jucunda, 
Thw.,  H.  Mengarawan,  Miq.,  H.  nigra,  Burck,  H,  Pierrei,  Hance),  but  in  these 
cases  the  thickened  inner  walls  do  not  swell  up  in  water  ('  mucilage  fortement 
condens6/  according  to  Gu6rin) ;  the  cells,  moreover,  are  commonly  placed 
several  side  by  side  and  occur  also  next  to  the  lower  epidermis.  Fmally, 
according  to  Gu6rin,  in  certain  species  of  Balanocarpus,  Dtpterocarpus,  Doona, 
Hopea  and  Shorea,  the  ground-tissue  of  the  petiole,  and  in  some  cases  also 
that  of  the  midrib  and  lateral  veins,  contains  cells  with  mucilaginous  mem- 
branes or  whole  rows  of  such  cells  (cf.  under  structure  of  the  axis). 

The  extrafloral  nectaries  situated  on  the  lower  side  of  the  stipules  and 
on  the  upper  side  of  the  foliage  leaves  in  Shorea  stenoptera,  Burck,  are  disc- 
shaped structures,  consisting  of  two  layers  of  cells  derived  from  the  epidermis, 
viz.  of  an  upper  secretory  layer  composed  of  long  prismatic  cells  and  of  a  lower 
layer  of  suberized  cells,  which  are  quadratic  in  section.  The  domatia  found 
in  many  members  of  the  Order,  such  as  species  of  Balanocarfus,  Doona,  Hopea„ 
Isoptera,  Pentacme  and  Shorea,  must  not  be  confused  with  the  extrafloral 
nectaries ;  these  domatia  appear  on  the  under  side  of  the  leaves  along  the 
midribs  and  in  the  axils  of  the  lateral  veins  of  the  first  order  (see  Gu£rin,  loc.  cit.). 

3.  Structure  of  the  Axis.  Gu6rin  has  recently  investigated  the  distri- 
bution of  the  mucilaginous  cells  in  the  axis  in  certain  sp^es  of  Balanocarpus, 
Dipterocarpus,  Doona  and  Shorea,  They  are  found  chiefly  in  the  primary 
cortex,  more  rarely  also  in  the  pith.  In  Doona  Gu6rin  only  met  with  a  smaU 
quantity  of  mucilage  in  the  primary  cortex;  this  is  contrary  to  Brandis's 
statements. 

The  course  of  development  of  the  interxylary  resin-canals  has  formed  the 
subject  of  investigations  undertaken  by  Gulrin  on  Dipterocarpus.  According 
to  this  authority  the  origin  is  schizogenous,  the  canals  arising  between  four 
cells  of  the  cambium.    In  this  respect,  as  well  as  in  the  occurrence  of  occasional 


Digitized  by 


Google 


ADDENDA— DIPTEROCARPEAE  841 

anastomoses,  these  resin-canals  resemble  those  of  the  genera  Copaifera  and 
Daniella  (Caesalpinieae).  Interxylary  resin-canals  have  been  recorded  by 
Gu^rin  and  BargagU-Petrucci  also  in  species  of  Anisoptera^  Balanocarpus^ 
Catylilobiufn,  Doona^  Tsoptera^  Monoporandra^  Pachynocarpus^  Pentacme  and 
Vateria. 

Stepowski's  statement  (loo.  cit.,  p.  92  and  Fig.  47)  as  to  the  occurrence  of 
resin-canals  with  a  small  lumen  in  the  secondary  cortex  of  Vateria  indica,  L. 
remains  to  be  explained ;  for,  to  judge  by  the  structure  of  the  leaf,  which  is  described 
in  the  same  paper,  the  material  on  which  the  investigation  was  undertaken  would 
appear  to  have  been  correctly  determined. 

Appendix:  i.  Ancistrocladus {pp,  143^  144). 

Van  Tieghem's  recent  investigations,  in  which  he  splits  up  Ancistrodadus 
into  three  genera,  Bigamea^  Ancistrodadus  and  Ancistrella,  necessitate  the  addition 
of  the  following  statements. 

All  parts  of  the  primary  cortex  of  the  branch  contain  relatively  large  secretory 
cells,  filled  with  hyaline  contents  and  provided  with  lignified  membranes;  these 
secretory  elements  may  occur  either  isolated  or  in  groups.  In  A  ncistrella  Barteri,  V.  T. 
the  primary  cortex  also  includes  a  few  isolated  fibrous  cells.  The  development  of 
the  cork  takes  place  on  the  inner  side  of  the  endodermis,  viz.  in  the  outermost  layer 
of  pericyclic  cells.  The  pericycle  is  at  first  parenchymatous,  but  subsequently 
comes  to  contain  a  number  01  sclerench3rmatous  elements,  which  in  some  cases 
unite  to  form  an  almost  continuous  ring ;  occasionally  these  elements  appear  in 
two  forms,  viz.  as  short  cells  with  a  tendency  to  stellate  differentiation  and  as 
fibrous  cells. 

In  Ancistrodadus  and  Bigamea  the  leaf  exhibits  more  or  less  distinct  palisade 
tissue  on  its  upper  side,  and  veins  which  are  vertically  transcurrent  by  means  of 
sclerench3rma,  whilst  in  Ancistrella  Barteri  there  is  a  one-layered  hypoderm  on 
the  upper  side  with  a  subjacent  palisade  layer.  The  peltate  glands  previously 
described  by  me  constitute  a  feature  characteristic  of  all  the  Andstrocladeae ; 
these  glands  are  sunk  in  depressions  on  the  surface  of  the  leaf,  and  excrete  wax. 
The  stomata  are  invariably  situated  on  the  lower  side  of  the  leaf,  and  are  not  pro- 
vided with  special  subsidiary  cells.  According  to  Van  Tieghem,  a  special  character 
of  the  fibrovascular  S3rstem  of  the  midrib  is  found  in  the  occurrence  of  a  pericycUc 
zone  of  fibres  in  the  peripheral  portion  of  which,  in  the  lower  part  of  the  curve, 
5--19  smaU  vascular  bundles  with  mverse  orientation  of  wood  and  bast  are  embedded. 
These  bundles  can  be  traced  to  a  varying  distance  along  the  midrib,  and  are  only 
absent  in  Bigamea  hamaia,  V.  T. 

Three  vascular  bundles  enter  the  leaf  and  at  once  unite  to  form  a  tube, 
which  in  Ancistrodadus  can  be  traced  along  the  whole  length  of  the  midrib.  In 
Bigamea  the  tube  opens  out  and  assumes  the  form  of  an  inverted  omega  (o) ; 
in  addition  to  that,  a  vascular  bundle  is  found  at  each  of  the  two  margins  of  the 
fibrovascular  arc,  these  bundles  having  their  bast  directed  upwards  and  their 
xylem  pointing  downwards.  In  Ancistrella  the  tube  remains  closed,  the  vascular 
system  on  the  upper  side  of  the  curve  exhibiting  inverse  orientation  (bast  below 
and  wood  above,  as  in  the  lower  portion  of  the  curve). 

2«  Lophiraip.  144) 

The  following  additional  details  regarding  the  structure  of  the  branch  are 
based  on  Van  Tieghem's  statements.  The  primary  cortex  includes  branched 
stone-cells  containing  crystals,  as  well  as  clustered  and  soUtary  crystals.  The 
number  of  cortical  vascular  bundles  is  24  or  more.  The  pericyclic  groups  of  hard 
bast  subsequently  unite  to  form  a  composite  and  continuous  ring  of  sclerench3rma, 
which  at  a  still  later  stage  again  becomes  spht  open.  The  development  of  cork 
takes  place  in  the  subepidermal  layer  of  ceUs.  The  bundles  of  medullary  fibres 
are  accompanied  by  chambered  crystal-fibres  containing  soUtary  aystals. 

According  to  Van  Tieghem's  recent  investigations,  the  earUer  statement  (by 
Heim)  regarding  the  occurrence  of  subsidiary  cells  to  the  stomata  is  incorrect. 

The  large  number  (as  many  as  16)  of  radial  vascular  bundles,  participating  in 
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the  formation  of  the  fibrovascular  system  of  the  root,  deserves  mention ;   it  is 
exceptionsdly  kurge  for  a  Dicotyledonous  plant. 

3.  Af<mote5(p.  144). 

As  a  result  of  renewed  investigation  Gilg  a^ain  includes  this  genus  amcmgst 
the  Dipterocar^ae,  though  in  the  absence  of  resin-canals  it  certainly  occupies  an 
anomalous  position  amongst  the  members  of  this  Order.  According  to  Gilg, 
however,  it  is  noteworthy  that  Welwitsch  describes  Monotes  as  '  frutex  resinosus,' 
so  that  the  question  arises  whether  excretion  of  resin  may  not  take  place  in  older 
parts  of  the  stem. 

Litentore:  Leblois,  Thylles  de  can.  s^r^.,  BolL  Soc.  bot  France,  1887,  p.  187.— Jadin,  Oig. 
s^CT^t.,  Thhst,  MoDtpellier,  1888,  p.  54  et  sea.— Pierre,  Flore  forest  de  la  CoduncbiDC,  xr,  1890; 
xvi,  X891 ;  and  xvii,  189a. — Brandis,  in  Sitz.-Ber.  Niederrhein*  Geidlsch.  Bonn,  1896,  pp.  6-8. — 
Ponlsen,  Nektarier,  Vidensk.  Meddelelser,  IU0benhavn,  1897,  pp.368-7a — Gilg,  Monotes ^  in  Engler 
Bot.  Jahib.,  xxviii,  1899,  p.  127  et  seq. — Figdor,  Anat  d.  Stammes  der  Dammarpfl.,  dstendch. 
bot  Zeitschr.,  1900,  p.  74  et  seq. — ^Pitaid,  F^riqrcle,  Th^  Boideaox,  1901,  pp.  40  and  104* — 
Van  Tiegfaem,  Lophiroy  Jonrn.  de  bot.,  1901,  pp.  i69-'94,  especially  pp.  171-^ — Baigagli-Petiiooif 
Concrezioni  silioee,  Malpighia,  1903,  p.  23  et  seq. ;  and  L^nami,  loc.  cit,  p.  338  et  seq.  (AdbMiP- 
carpus,  DipterocarfuSy  bryobalanopSy  HoptOy  Shoreay  Vateria), — Fabiidos,  TjinhhlatlaMt ,  Belh. 
bot  Centralbl.,  xii,  190a,  pp.  308-10. — Van  Tieg^bem,  Andstrodadte,  Jowa.  de  bot,  1903, 
pp.  15X-68,  especially  pp.  155-65. — ^Areschoog,  Trop.  inizt  bladbyggo.,  Sv.  V«t  Akad.  HandL, 
39,  n.  a,  1905,  pp.  123,  124  and  Tab.  xviL-— Gn^rin,  Appareil  sto<^  d.  Dipterocarp.,  Compt. 
rend.  Paris,  cxl,  is^5y  pp.  sao-a  ;  and  Cananx  s^cr6t  dn  bois  4.  Dipterocarp.,  loc.  cit,  cxm, 
1906,  pp.  ioa-4.— ^tepowski,  Veg.-Oig.  d.  Burseraoeae,  I^plerocarpeae,  etc..  Diss.,  Ben,  19 


pp.  53-05.— Gn^rin,  Domaties  des  feuilles  des  Dipterocarp.,  BolL  Soc.  bot  France,  1906,  PP-  > 
93  ;  and  Cellnles  4  mucilage  des  Dipterocarp.,  loc.  dt,  1906,  pp.  443-51. — [For  additional  litera- 
turc,  see  p.  X 1 70.] 

CHLAENACEAE  (pp.  145,  146). 

The  pericycle  of  the  axis  contains  isolated  bundles  of  bast-fibres  also  in 
Schizolaena  ekmgaia  and  Scleroolaena  Richardi ;  in  Sarcolaena  eriophora  and 
Rhodolaena  Humblotii  sclerosed  parenchyma  occurs  at  some  points  between 
the  groups  of  primary  bast-fibres  (Pitard  *). 


MALVACEAE  (pp.  146-152). 

2.  Structure  of  the  Leaf.  Nestler  states  that  the  glandular  hairs  of 
the  Malvaceae  can  also  function  as  hydathodes,  that  short  multicellular 
glandular  trichomes  occur  in  species  of  Abutilon^  Althaea^  Hibiscus^  KUaibdia^ 
Lavateruy  Mdope^  Malva^  Pcdava^  PlagiatUhus  and  Sidalceay  while  hairs  with 
a  long  stalk  and  a  unicellular  head  ^  recorded  in  AhutUon  and  KUaibdia 
viiifolia,  Willd. 

According  to  Terraciano,  extrafloral  nectaries  occur  also  in  species  of 
Adansoniay  Chorisiay  Ceiba  and  Pachira,  being  situated  on  the  lower  side  of 
the  midrib  of  the  leaf  and  on  the  dorsal  surface  of  the  petioles.  The  nectaries 
on  the  midrib  show  a  low  type  of  differentiation  and  vary  in  position,  number, 
and  shape.  The  petiolar  nectaries  constitute  one  or  more  longitudinal  furrows 
or  small  eUiptical  pits  ;  in  the  former  case  they  are  sometimes  provided  with 
special  excretory  surfaces. 

These  nectaries,  like  those  of  Hibiscus,  &c.,  which  were  mentioned  in  the 
earlier  part  of  this  work,  all  possess  a  tissue  in  which  the  nectar  is  formed,  and 
numerous  multicellular  external  glands  serving  the  purpose  of  secretion  *. 


'  Pitard,  PMcycle,  Th^  Bordeaux,  1901.  pp.  loa,  103. 

'  The  nectaries  on  the  calyx,  on  the  other  hand,  have  a  secretory  palisade^pidermis. 
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3.  Structure  of  the  Axis.  Bargagli-Petnicci  has  recently  investigated 
the  distribution  of  the  peculiar  structural  features  exhibited  by  the  medullary 
rays  of  the  xylem  in  the  Bombaceae,  which  I  was  the  first  to  observe.  He 
describes  the  occurrence  of  special  tiers  in  the  medullary  rays  in  further  species 
of  Bosckia^  Durio  and  Neesia^  as  well  as  in  Coelostegia  barneensis^  Becc,  and 
CuUenia  excdsa^  Wight,  both  of  which  likewise  belong  to  the  sub-tribe  Durio- 
neae.  On  the  other  hand  no  tiers  are  developed  in  the  Adansonieae  (species  of 
AdansoniOy  Bonibax^  Ceiba^  Chorisia)  and  Matisieae  (species  of  CavanUUsia^ 
MofUexumaj  Ochroma^  Quararibea),  or  in  Camptostemon  aruense^  Becc.  and 
Dialycarpa  {Brownlowia)  Beccarii^  Mast. 

According  to  Bargagli-Petrucci,  silica-bodies  are  found  in  the  wood- 
parench}mfia  in  Coelostegia  bomeensis^  Becc. 

We  may  also  notice  at  this  point  that  the  vascular  system  in  the  fruit- 
stalks  of  Aaansonia  digitata  shows  polystelic  structure. 

literatiiie :  Costamin,  Tiges  a^r.  et  sonU,  Ann.  sc  nat,  t^r.  6,  t.  xn,  1883^  p.  109  et  seq. — 
Barber,  Corky  excresc,  Ann.  of  Bot,  vi,  189a,  p.  165. — G«iber,  AdoMScma,  Tli^  Paris,  1895, 
pp.  33-51,  pi.  i-ii. — [Mirabella,  Colleteri,  Contrlboz.  1st  bot  Palermo,  ii,  1897,  p.  15  et  seq. ; 
abstr.  in  Jn^  1897,  ^*  P*  5i3*l---Nestler,  Wassertropfen  an  den  Bl.  d.  Malvac.,  Sitz.-Ba.  Wiener 
Akad«,  cvi,  i,  1897,  pp.  387-96,  with  Tab. — [Zanda,  Acnlei,  Contribuz.  1st.  bot.  Palermo,  ii,  1897, 
p.  I  et  seq.1 — ^Nestfer,  Schleimzellen  d.  LanbbL  d.   Malvac.,  Osteireidi.  bot.  Zeitschr.,   1898, 


pp.  04-9  and  Tab.  vi — Terradano,  Nett  estrannx.  nelle  Bombaoee,  Contribox.  1st.  bot.  Palermo,  ii, 
1898,  pp.  137-91,  tab.  xv-xviii.— Nestler,  Sekiettropf.,  Sitz..Ber.  deotsch.  bot.  Gesellsch.,  1899, 
p.  33a  et  seq. — ^Kearny,  in  Contribnt  U.  St  Nat  Heii>.,  ▼,  1900,  p.  303  (AWi^iS^/ci^rtt).— Pitard, 
Poljst^ie^  Ajct  So&  Linn,  de  Bordeaux,  s^.  6,  t  y,  1901,  pp.  Ixi,  Ixii ;  and  P^ricycle,  Th^, 
Bordeaux,  1901,  p.  4a— Bargagli-Petracci,  Concres.  silicee,  Malpighia,  190a,  p.  33  et  s^ ;  and 
Legnami,  loc  dt,  190a,  p.  3a7  et  seq. — Knothe,  Unbenetzb.  Bl.,  Diss.,  Heiddberg,  190a,  p.  13. — 
Tbeorin,  Viixttrichom.,  Ajdnr  ior  Bot,  i,  1903,  p.  160;  and  iv,  n.  18,  1905,  p.  ao. — Bargagli- 
Petmcd,  0».  anat-sist  snlle  Bombaoee^  Nnovo  Giom.  bot.  ItaL,  xi,  19041  pp*  407-15. — ChryaTec, 
Stasnd-plants,  Bot  Gazette,  xxxvii,  1904,  p.  461  «t  seq.  (Ifiiuetts), — Col,  Faisoeanx,  Ann.  sc 
nat,  sir,  8,  t  xx,  1904,  pp.  108-11. — Urspnmg,  Didcenwadnt,  Bot  Zcit,  1904,  p.  act  (£#a«- 
JioM^nm).— Aresdiong,  Trop.  vaxt  bladbyggn.,  Sv.  Vet.  Akad.  Handl.,  39,  n.  a,  1905,  mu  56-8 
{Due!UfstyUs\  pp.  64-6  {Thespesia), — ^Weberbaner,  Veget.  der  Hodianden  Perus,  in  £ngler  Bot. 
Jahrb.,  xxxvii,  1905,  p.  60  et  seq. — [For  additional  literature,  see  p.  11 71.] 


TRIPLOCHITONACEAE. 

TriplochUon  scUroxylon,  K.  Schum.  (Zenker,  No.  298,  Kamerun,  Herb. 
Berol.)  ^  was  examined.  In  the  structure  of  its  bast  and  the  possession  of 
intercellular  secretory  receptacles,  some  of  which  contain  mucilage,  Triplo- 
chUon shows  affinity  to  the  remaining  Malvales.  The  stomata  are  surrounded 
by  ordinary  epidermal  cells.  Oxalate  of  lime  is  excreted  in  the  form  of  clus- 
tered and  soUtarv  crystals.    No  trichomes  were  observed. 

Structure  of  the  leaf.  The  epidermal  cells  are  polygonal  in  surface- 
view  and  none  of  them  are  mucilaginous.  Stomata  are  found  only  in  the 
lower  epidermis.  The  mesophyll  is  composed  of  palisade  tissue,  the  upper 
layers  of  which  are  typicaUy  differentiated,  while  the  lower  ones  consist  of 
conjugate  elongated  cells.  The  vertical  transcurrence  of  the  smaller  veins  is 
especially  characteristic ;  their  vascular  bundles  are  surrounded  by  a  layer 
of  fibrous  cdls,  which  is  prolonged  on  the  upper  side  into  a  narrow  plate  of 
fibres  extending  as  far  as  the  epidermis,  whilst  on  the  lower  side,  between  the 
bundle-sheath  and  the  lower  epidermis,  there  is  mostly  a  secretory  cavity 
enveloped  by  special  conjunctive  tissue.  Relatively  large  clustered  crystals 
are  met  with  in  the  fibrous  plates  belonging  to  the  veins,  and  smaller  ones  are 
found  in  the  bast  of  the  larger  veins ;  solitary  crystals  are  rare.  Secretory 
cavities  are  situated  also  in  the  large  lateral  veins,  where  they  occupy  the 


'  The  second  genus  of  tbe  Order  (Afamonia^  Prain,  indigenous  in  Burma)  was  not  available. 


Digitized  by 


Google 


844  ADDENDA— TRiPLOCHITONACEAE 

same  position  as  in  the  smaller  veins;  they  are  present  in  the  bast  as  well. 
Their  contents,  as  far  as  they  could  be  determined,  are  certainly  in  some  cases 
mucilaginous,  whilst  in  others  they  are  of  a  different  nature. 

The  transverse  section  of  the  branch  shows  (empty)  secretory  spaces  in 
the  inner  portion  of  the  primary  cortex  and  in  the  pith.  The  phloem  is  strati- 
fied into  hard  and  soft  bast.  The  cortex  contains  clustered  crystals,  rarely 
solitary  crystals.  The  wood  is  soft  and  consists  principally  of :  (a)  vessels 
with  rather  wide  lumina,  simple  perforations  and  bordered  pits  in  contact  with 
parenchyma  of  the  medullaury  rays ;  (h)  relatively  broad  medullary  rays, 
attaining  a  width  of  four  cells  ;  and  (c)  wood-fibres  bearing  simple  pits. 


STERCULIACEAE  (pp.  152-155). 

I.  Anatomical  Characters.  Extrafloral  nectaries  occur  in  Ptero- 
spermum  javanicum^  Jungh.  Silica-bodies  are  found  in  the  wood-parenchyma 
in  species  of  Heritiera  and  Siercidia,  The  vascular  system  in  the  fruit-stalk$ 
of  ndicUres  jamaicensis^  KUinhovia  Hospita  and  Sterculia  platanifolia  is 
polystelic. 

2  and  3.  Structure  of  the  Leaf  and  Axis.  The  tufted  and  stellate 
hairs,  which  are  widely  distributed  in  the  StercuUaceae,  generally  have  uni- 
cellular rays  ;  in  Dombeya  (Astrapaea)  WaUichii^  Benth.  and  Hook.,  however, 
I  have  found  the  x^ys  to  be  occasionally  uniseriate  with  several  thin  trans- 
verse walls. 

The  extrafloral  nectaries,  found  in  Pierospermum  javanicum^  although  not 
present  in  other  species  of  Pterospermum  growing  in  Java,  are  constituted  by 
one  of  the  two  stipules  of  the  foliage-leaf .  This  stipule  is  hollowed  out  so  as 
to  be  goblet-shaped,  and  is  clothed  with  abundant  stellate  hairs  ;  the  cavity 
contains  numerous  pearl-glands  in  the  form  of  relatively  large  glandular  bodies 
composed  of  numerous  cells  and  provided  with  a  short  stalk  (Raciborski). 

Doussot  publishes  a  few  statements  on  the  structure  of  the  petiole. 
According  to  him  the  fibrovascular  system  of  the  petiole  in  most  cases  (species 
of  Sterculia^  Heritiera^  Pterospermum,  KUinhovia^  LasiopeUUumj  Tkeobroma^ 
Abromay  Hermannia^  Cheiranthodendron)  consists  of  a  ring  of  wood  and  bast, 
or  of  a  ring  of  vascular  bundles  ;  in  Cola  acuminata  there  are  two  arcs  of  wood 
and  bast  with  the  xylem  portions  turned  towards  one  another,  while  in  C.  Bal^ 
layi  there  is  a  single  arc  of  the  same  kind.  In  addition  to  these  main  S3rstems, 
the  pith  in  some  of  the  species  of  Sterculia  contains  one  or  more  normally 
orientated  vascular  bundles,  in  Heritiera  a  second  ring  of  wood  and  bast,  ana 
in  Cola  acuminata  one  or  two  smaller  bundles. 

In  ampUfication  of  the;  previous  discussion  of  the  mucOage-receplacles 
we  may  in  the  first  place  notice  that,  according  to  Doussot,  the  mucilage-canals 
of  Sterculia  acerifolia^  5.  platanifolia.  Cola  acuminata,  and  *  Pterospermum 
saigonense '  are  partly  lysigenous  and  partly  schizogenous  in  origin,  while  the 
mucilage-receptacles  (canals  and  cavities)  of  'Abroma  orbicularis  *  are  invariably 
lysigenous.  The  development  of  the  mucilage-receptacles  in  the  individual 
genera  therefore  requires  further  detailed  investigation.  According  to  the  same 
authority  it  is  noteworthy  that  the  number  of  mucilage-canals  may  vary  at 
different  levels  in  one  and  the  same  plant,  and  that  at  some  points  the  canals 
may  be  replaced  by  mucilage-cavities. 

To  the  review  given  on  p.  153  of  the  detailed  distribution  of  the  mucilage- 
canals  in  the  axis,  tne  foUowing  additions  may  be  made  on  the  basis  of  Doussot's 
and  Ledig's  statements.  MucUage-canals  are  found  in  the  following  additional 
species: — (i)  in  the  pith  and  primary  cortex:    Sterculia  acerifolia,  S.  foeHda. 
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5.  '  fufcata^*  S.  *  monophyUa^*  and  5.  tom&ntosa  ^ ;  Cola  BaUayi  and  C.  gabonensis  ; 
HeiicUres  involucrata ;  Pierospermum  *  saigonense  ' ;  Ruisia  variabilis  ;  Astrapaea 
Wallichii.  (2)  in  the  pith,  but  not  in  the  cortex :  Heriiiera  littoralis  ;  Kleinhovia 
Hospita  (bat  with  numerous  mucilage-cavities  in  the  -ppmary  cortex) ;  Ptero- 
spermum  suberifolium  (many  mucilage-cavities  in  the  primary  cortex) ;  Abroma 
Ofbicularis. 

Before  leaving  this  subject  we  may  notice  the  occurrence  of  interxylary 
mucilage-canals  in  the  older  portions  of  the  axis  in  BrachychUon  poptdneum 
and  Theobroma  Cacao  (Mangin). 

According  to  Van  Tieghem,  the  (lysigenous)  mucilage-cavities  and  mucilage- 
cells  are  absent  in  Hermannia^  Mahernia^  Rulingia,  Buttneria^  Lasiopetatum, 
Thomasia  and  Mdochia^  and  according  to  Doussot  also  in  Heriiiera  littoralis 
(in  contradistinction  to  H.  macrophyUa),  Doussot,  on  the  other  hand,  states 
that  mudlage-cells  occur  in  the  pith  of  Hermannia  candicans^  and  mucilage- 
cells  and  cavities  in  the  pith  of  LasiopekUum  ferrugineum.  These  facts  show 
that  it  is  necessary  to  investigate  the  mucilage-receptacles  of  the  Sterculiaceae 
in  each  individual  species  before  they  can  he  employed  for  generic  diagnosis 
and  classification  within  the  Oder.  Schi2ogenous  mucilage-cavities,  situated 
in  the  pith  of  the  branches  and  petioles,  are  stated  to  be  characteristic  of  Ayenia 
and  Commersonia.  Doussot  records  the  occurrence  of  mucilaginous  epidermal 
cells  in  species  of  SterctUia^  Brachychiton^  Cola,  Theobroma,  Abroma,  Hermannia 
and  Dotnbeya. 

A  brief  account  of  the  mucilage-receptades  found  in  the  root  may  be  added 
on  the  basis  of  Doussot's  results.  Amongst  the  investigated  Sterculieae  the  roots 
of  an  except  Heriiiera  (Sierculia,  Brachychiton,  Cola)  contain  only  mudlage-cavities 
and  mucila^e-cells.  The  mucilage-cavities  are  coo^ned  to  that  part  of  the  main 
root  which  is  situated  immediately  next  to  the  *  collet  * ;  they  may  be  present  in 
the  primary  cortex,  in  the  meduUaiy  rays  of  the  bast,  and  in  the  wood  (here  in  the 
wood-parenchyina  or  in  the  medullary  rays).  They  have  been  observed  in  the 
wood  m  Sterculia  Balanghas,  S.  foetida,  S.  *  monophylla,*  S.  platanifolia,  Brachy- 
chiton  aceri folium  and  B.  populneum.  In  *  Abroma  orbicularis'  mucilage-cavities 
only  are  found  in  the  medullary  ra^s  of  the  bast,  while  in  Hermannia  candicans 
the  primary  cortex  and  bast  contain  mucilage-cells  alone.  In  Heriiiera,  Ptero- 
spermum,  Theobroma  Cacao,  Dombeya  spedabilis  and  Cheiranthodendron  piatani* 
folium  there  are  no  mucilage-receptacles  whatsoever. 

Lxteratnre:  Ledig,  Gnmmikanalc,  Bot.  CentralbL,  1881,  ii,  pp.  387-9.— Jadin,  Org.  s^et, 
Thte,  Mootp«llier,  1888,  p.  61  et  seq.— Johamison,  Rinden,  Diss.,  Dorpat,  1891,  pp.  8-1 1.— 
Mangin,  Gomme  ches  Us  StercnL,  Compt  rend.  Paris,  cxxv,  1897,  pp.  735-8.— Borgesen  og 
Panlsen,  Ve^  danslc-vestind.  Oer,  Bot.  Tidsskrift,  xxil,  1898-9,  p.  95  {Melochia  tomintosa), — 

SHartwich,  Enatz  der  Qoillajarinde,  Schwdzer.  Wochenschr.  f.  Chemie,  1899,  n.  49;  abstr.  in 
Qst,  1899,  ii,  p.  a8 ;  cortex  and  wood  oi Sterculia  cordifolia^  Cav.  contain  saponin!] — Radborski, 
M^^inekophile  Pfl.,  Flora,  1900,  p.  38  etseq.— Pitard,  P^ricycle,  Thte,  Bordeaux,  1901,  pp.  106-8. 
^•Bai^gagu-Petnicci,  Concres.  dlicee,  Malpighia,  190a,  p.  33  et  seq.;  and  Legnami,  loc  dt., 
p.  331  et  seq.  {Herititra,  Stercuiia).^'DoviMsoX,  Appaieil  gommif^  des  Stercm.,  Thte,  Paris, 
looa,  75pp. — ^Iitard,  Polvst^lie,  Act.  Soc.  Linn.  Bordeaux,  s^r.  6,  t.vii,  190a. — Barteletti,  Cortecda 
\  PUres^mum  plaiamfoHum,  Nuot.  Giom.  bot  Ital.,  x,  1903,  p.  566. — Col,  Faisceanx,  Ann.  sc 


nat,  s6r.  8,  t.  xx,  1904,  p.  133. — Urspnmg,  Dkkcawchitum,  Bot  Zeit.,  1904,  p.  305  {Mtlochia),'^ 

l)ladl^^ggn.,  Sv.  \^t  Akad.  Handl.,  39,  n.  3, 1905,  p.  03  {fiiittnerid),  p.  96 

{BiUtmria),  pp.  118-30  (^PUrosfermum), — ^Haberlandt,  Lichtsmnesorg., 


'  The  '  septate  latiferons  tubes '  recorded  by  Ledig  in  Stercuiia  Balanghas  are  merely  lysigenous 
mndlage-canals. 
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TILIACEAE  (pp.  155-159). 

3.  Structure  of  the  Axis.  A  composite  and  continuous  ring  of  scleren- 
chyma  in  the  pericycle  is  present  also  in  the  genus  Sloanea  (Pitard).  Silica- 
bodies  have  beSen  observed  in  the  wood-parenchyma  in  Brownloitia  sp.  (P.  B., 
no.  3652)  (Bargagli-Petrucci). 

Literature :  Hohnd,  GerberindeD,  Berlin,  1880,  p.  iii  et  seq.  {Eiaeocarpus).—^WDkty  Dikotyle 
Holzpfl.,  Diss.,  Konigsberg,  1886,  p.  27  et  seq. — Borgesen  og  PamseD,  Veget.  danaJc-yestind.  Oer, 
Bot.  Tidsskrift,  xxii,  1898--9,  p.  ai  {Corchorus  kirsu/Msy—Fwaleaco,  Stnict.  anat.  des  hybrides, 
Th^,  Gen^,  1900,  p.  69  (TVAa).— -Peteraen,  Vedanatomi,  looi,  p.  45  (TWtaV— Pftaxd»  Firi- 
qrde»  Tbte,  Borcfeaox,  1901,  pp.  70  and  108. — Bazgagli-Petraoci,  Concrez.  sillcee,  Malpi^^ua,  iQoa, 
p.  as  et  aeq. ;  and  T..egnafni,  Joe  dt,  p.  325  et  seq.  {Berrya^  Brawnhwid). — Bonygnes,  P^tide, 
Th^,  Paris,  190a,  p.  lo. — Fritsdi,  PUigiopUron  fragranst  Ann.  of  Bot,  xri,  1903,  pp.  177-80. — 
Col,  Faisoeanx,  Ann.  sc.  nat.,  s^r.  8,  t.  xx,  1004,  p.  136. — ^Areschong,  Trop.  vaxt.  Uadbyggn.,  Sv. 
Vet.  Akad.  Handl.,  39,  n.  a,  1905,  pp.  136-8  (6Vv«pi&).— [Froinmel,  Plantaa  text.  ChiL,  1905, 


^04,  p.  130. — ^Arescboitg,  Irop.  vaxt.  bladbyggn., 
-8  (CVvfK^).— [Froinmel,  Plantaa  text.  ChiL,  i^ 
.  97. — PicctoU,  LegDami,  Ball.  Siena,  1906,  p.  147 


f.  3a.] — Haberlandt,  Lichtsinnesorg.,  1905,  p.  97. — Picctoli,  LegDami,  Ball.  Siena,  1906,  p.  147. — 
Holtermann,  Einflnss  d.  Klimaa,  1907,  p.  118  \Elaeocmrpus)^ 

RHAPTOPETALACEAE  i. 

The  following  anatomical  features  are  common  to  the  different  members 
of  the  Order  :  The  bilateral  structure  of  the  branch,  and  in  connexion  with 
this  the  occurrence  of  two  cortical  vascular  bundles  ;  the  superficial  develop- 
ment of  the  cork  ;  the  presence  of  isolated  groups  of  bast-fibres  in  the  pericycle  ; 
the  stratification  of  the  phloem  into  hard  and  soft  bast ;  narrow  medullary 
rays  and  rather  abundant  development  of  wood-parenchyma ;  stomata  with 
three  subsidiary  cells  of  different  sizes.  The  only  kind  of  trichomes  found  are 
unicellular  clothing  hairs.  Oxalate  of  hme  is  deposited  only  in  the  form  of 
solitary  crj^tals.  There  are  no  mucilage-cells.  On  the  other  hand,  spicular 
fibres  have  been  observed  in  the  mesophyll  in  species  belonging  to  sdl  four 
genera. 

Structure  of  the  leaf.  The  mesophyll  is  in  most  cases  bifacial,  although 
the  palisade-tissue  is  not  always  distinctly  developed.  In  certain  species  of 
Scytopetalum  and  Oubanguia  the  epidermal  cells  are  elongated  and  divided 
by  tangential  walls ;  Brazzeia  has  large  epidermal  cells,  the  inner  walls  of 
which  are  convexly  arched,  while  some  of  the  cells  are  filled  with  red  contents. 
Gelatinization  of  the  epidermis  has  not  been  observed.  The  stomata  are  found 
either  on  both  sides  of  the  leaf  or  only  on  the  lower  side.  In  Oubanguia  and 
Rhaptopeialum  the  three  subsidiary  cells  of  the  stomata  have  violet  or  brown 
contents,  while  in  Brazzeia  such  contents  are  found  only  in  the  smallest  sub- 
sidiary cell ;  in  Scytopetalum  they  are  altogether  wanting.  The  spicular  fibres 
above  mentioned  as  occurring  in  all  four  genera  are  connected  with  the  scleren- 
chyma  of  the  veins  ;  they  traverse  the  mesophyll  and  ultimately  spread  out 
beneath  the  epidermis.  The  fibres  are  not  always  present ;  for  example,  not 
in  Scytopetalum  Pierreanum  (De  Wild.),  V.  T.  In  S.  Pierreanum  the  smaller 
veins  of  the  leaf  are  vertically  transcurrent,  whilst  in  Oubanguia  they  are 
almost  transcurrent. 

An  arc-shaped  vascular  bundle  passes  out  into  the  leaf.  The  petiole 
contains  three  bundles,  viz.  a  large  median  one  and  two  smaller  lateral  strands. 

Unicellular  clothing  hairs  have  been  observed  on  the  branches  only  in 
species  of  Brazzeia  and  Rhaptopetalum, 


^  This  Order  (Scytopetalaoeae  of  Engler),  founded  by  Pierre  on  the  genus  Rhaptopeialum 
(which  was  formerly  included  among  the  Oladneae),  and  a  few  other  genera,  is  related  to  the 
Malvales.  According  to  Van  Tieghem,  it  may  be  subdivided  into  the  Oubanguieae  with  Oubanguia 
and  Scytop$talumy  and  the  Rhaptopetaleae  with  BroMuia  and  Rhapiopetaium,  The  above  descriptioD 
is  based  on  Van  Tieghem's  paper  cited  below. 
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In  dealing  with  the  structure  of  the  wood.  Van  Tieghem  merely  states 
that  the  medmlary  rays  are  from  one  to  three  cells  in  breadth,  and  that  wood- 
l^urenchyma  is  developed  in  some  quantity  in  aU  four  genera.  According  to 
Engler,  the  wood  in  ScytopekUum  Klaineanum^  Pierre  contains  the  following 
elements  :  (a)  scalariform  and  reticulate  vessels  with  wide  lumina  and  very 
steep  transverse  walls  exhibiting  scalariform  perforations ;  (b)  vessels  with 
narrower  lumina ;  (c)  tracheids ;  and  (d)  Ubriform  (i.e.  wood-prosenchyma 
with  simple  pits).    The  pith  is  lignified. 

In  the  structure  of  the  cortex  the  following  points  may  be  mentioned.  The 
development  of  cork  in  Oubanguia  takes  place  in  the  subepidermal  layer  of 
cells,  or  locally  in  the  second  layer  of  the  pnmary  cortex,  while  in  Scytapdalum^ 
Brazxeia  and  RhaptopeUdum  it  commences  in  the  epidermis.  In  Rhaptope- 
talum  the  cork  includes  cells  with  U-shaped  thickening.  The  two  genera  of  the 
Oubanguieae  are  characterized  by  the  fact  that  all  the  different  parts  of  the 
primary  cortex  (even  the  subepidermal  layer  and  the  endodermis)  contain 
cells  with  U-shaped  thickening  and  with  or  without  an  enclosed  crystal 
of  oxalate  of  lime  (Van  Tieghem's  *  cristarque  '-cells) ;  in  some  cases  {Scytope- 
talum)  the  cells  are  uniformly  thickened  all  round.  In  the  Rhaptopetaleae, 
on  the  other  hand,  cells  of  this  type  are  wanting.  For  details  as  to  the  course 
of  the  two  cortical  vascular  bun<Ues,  see  Van  Tieghem  ;  regarding  the  pericycle 
and  bast,  cf.  above. 

litentQTe:   Engler,  ScytopeUUoete,  in  Natflrl.  PflameoBMii.,  Nachtr.  z.  iL-iv.  Teil,   1897, 
pp.  34a,  S43« — Van  Tieghem,  Rhaptop^talac^,  Ann.  sc  nat,  t^.  9,  t  i,  1905,  pp.  311-88. 


LINEAE  (pp.  159-160). 

1.  The  following  characters,  newly  recorded  in  certain  members  of  the 
Order,  may  be  added  to  the  Review  of  Anatomical  Features  :  deposition 
of  oxsdate  of  lime  in  the  form  of  clustered  crystals  ;  epidermal  cells  in  the  leaf 
containing  soUtary  crystals  (Erythroxylon  Coca) ;  occurrence  of  peg-shaped 
cystoUth-like  bodies  (t.  obtusum) ;  presence  of  hypoderm  in  the  leaf  ;  scleren- 
ch}mfiatous  idioblasts  in  the  mesophyll  (species  of  Erythroxylon) ;  occurrence 
of  cells  exhibiting  U-shaped  thickening  and  containing  soUtary  crj^tals, 
i.e.  *  cristarque  '-cdls  (species  of  Erythroxylon  and  Aneulophus) ;  cortical 
vascular  bundles  (Erythroxylon),  The  development  of  the  cork  is  superficial, 
taking  place  in  the  subepidermal  layer  in  Erythroxylon^  and  in  the  epidermis 
in  Aneulophus. 

2.  Structure  of  the  Leaf.  Wilde  has  recently  investigated  species  of 
Linum,  Radiola  and  Reinwardtia,  whilst  Hartwich  has  examined  species  of 
Erythroxylon,  and  Van  Tieghem  the  genera  Erythroxylon  and  Aneulophus, 
In  certain  species  of  Linum  the  leaf  is  centric  in  structure  ;  it  is  also  approxi- 
mately centric  in  Erythroxylon  tortuosum,  in  which  the  cells  constituting  the 
lowest  layer  of  the  mesophyll  have  the  same  form  as  the  spool-shaped  girder- 
cells  found  in  PapiUonaceous  seeds.  According  to  Van  Tieghem,  gelatinized 
epidermal  cells  are  found  on  the  upper  side  of  the  leaf  in  all  the  species  of 
Erythroxylon  examined  by  him,  as  well  as  in  Aneulophus  africanus,  Benth., 
Hugonia  monlana,  Pierre,  and  Roucheria  Contestiana,  Pierre.  A  one-layered 
hypoderm  is  situated  on  the  upper  side  of  the  leaf  in  Ixonanthes  cuneata,  Miq. 
According  to  my  own  observation  certain  of  the  lower  epidermal  cells  in  the 
leaf  of  Erythroxylon  Coca  contain  solitary  crystals  of  oxalate  of  lime,  these  cells 
being  sometimes  arranged  in  pairs.  Papillose  differentiation  of  the  lower 
epidermis  is  of  frequent  occurrence  in  the  genus  ErythroxyloUj  e.fi;.  in  E,  ovatum 
and  E.  subrotundum  (Hartwich).    The  stomata  are  accompanied  by  subsidiary 
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cells  placed  parallel  to  the  pore,  also  in  Aneulophus^  Radiola  and  Reinwardtia. 
In  Erythroxylon  bolivianum,  Burck  certain  cells  of  the  lacunar  spongy  tissue 
are  sclerosed  (Hartwich).  According  to  Hartwich,  typical  sderenchymatous 
idioblasts,  usually  assuming  the  shape  of  a  T,  are  found  in  Erythroxylon  acuti-^ 
folium^  E.  cUrifoUum^  E.  mucronatum  and  E.  squamatum ;  these  elements 
traverse  the  palisade-tissue,  and  then  continue  their  course  t>etween  the  latter 
and  the  epiaermis.  Van  Tieghem  also  records  '  sddrites  rameuses  *  in  Ery- 
throxylon amplum^  E.  campestre^  E.  lucidum,  and  E.  suberosum^  whilst  Pierre 
mentions  '  rares  spicules '  in  Hugonia  moniana,  Pierre.  According  to  Van 
Tieghem,  the  vascular  bundles  of  the  veins  are  provided  with  bundles  of  sderen* 
chymatous  fibres  in  Aneulophus  and  Erythroxylon ;  in  Aneulophus  and  some 
of  the  species  of  Erythroxylon  these  fibres  are  accompanied  by  *  cristarque  '- 
cells. 

The  clustered  crystals  above  mentioned  have  been  observed  in  the  primary 
cortex  in  Reinwardtia  indica,  Dum.,  and  in  the  secondary  bast  in  Erythroxylon 
pulchrum  (Wilde  and  Johannson).  The  cystolith-like  bodies  appear  as  small 
unlignified  peg-shaped  structures,  arising  from  the  middle  of  the  outer  wall 
of  the  upper  epidermal  cells  and  occasionally  showing  stratification ;  they 
have  only  been  met  with  in  Erythroxylon  obtusum  (Hartwich). 

In  Aneulophus^  Erythroxylon^  Hugonia,  Ixonanthes  and  Roucheria,  as  well 
as  in  the  genus  Ctenolophon,  which  has  been  transferred  from  the  Olacineae 
to  the  Lineae  by  Pierre,  three  vascular  bundles  branch  out  from  the  axis  into 
the  leaf.  Van  Tieghem  gives  the  following  description  of  the  petiole  in  Aneu- 
lophus  and  Erythroxylon.  Of  the  three  vascular  bundles  passing  out  into  the 
leaf  in  Erythroxylon,  the  two  lateral  strands  depart  from  the  vascmar  ring  of  the 
axis  in  the  lower  portion  of  the  intemode ;  they  consequently  traverse  the 
upper  part  of  the  intemode  as  cortical  bundles.  These  two  bundles  each  give 
on  a  branch  to  the  stipules,  and  finally  on  entering  the  petiole  fuse  with 
the  median  bundle,  which  leaves  the  axial  vascular  ring  at  the  node,  to  form 
an  arc  of  wood  and  bast.  In  Aneulophus  the  three  vascular  buncUes  unite 
to  form  a  similar  arc  of  wood  and  bast,  but  here  the  bundles  only  emerge  at 
the  node.  In  some  of  the  species  of  Erythroxylon  the  ground-tissue  of  the 
petiole  contains  irregularly  scattered  *  cristarque '-cells,  while  in  Aneulophus 
such  cells  are  found  in  the  subepidermal  and  endodermal  layers. 

3.  Structure  of  the  Axis.  According  to  Wilde,  the  xylem  contains 
vessels  with  simple  perforations  and  libriform  also  in  Linum  and  Radiola. 
In  Aneulophus  and  Erythroxylon  the  cells  of  the  cork  have  thin  walls  (Van 
Tieghem).  Wilde  records  a  distinct  endodermis  in  Reinwardtia  indica,  and 
a  pericyde  including  isolated  groups  of  fibres  in  Linum  and  Radiola  linoides, 
Gmd.  Accordmg  to  Van  Tieghem,  isolated  groups  of  bast-fibres  are  present 
in  the  pericyde  also  in  the  species  of  Erythroxylon,  while  in  Aneulophus  a  com- 
posite and  continuous  ring  of  sderenchjona  is  formed  at  an  early  sta^e. 
Cristarque  '-cells  are  only  found  in  the  primary  cortex  in  part  of  the  speaes 
of  Erythroxylon ;  in  a  few  species  {E.  anguifugum,  E.  suberosum)  they  are 
situated  in  the  second  layer  of  cortical  ceUs,  but  in  most  cases  {E.  amplum, 
E.  campestre,  E.  citrifolium,  E.  deciduum,  E.  ludduni,  E.  nitidum,  &c.)  they  are 
irregularly  distributed  throughout  the  whole  thickness  of  the  primary  cortex. 
In  the  monotypic  genus  Aneulophus  the  *  cristarque  '-cells  are  confined  to  the 
subepidermal  layer  and  the  endodermis  (see  above,  under  petiole).  In  Ery- 
throxylon Coca  cells  with  yellowish  or  yellowish-red  contents  are  found  in  the 
primary  cortex,  as  well  as  in  the  pith.  The  secondary  bast  of  E.  tortuosum 
includes  groups  of  stone-cells,  while  that  of  E.  australe  and  other  spedes  con- 
tains bundles  of  fibres ;  the  latter  are  espedally  numerous  in  E.  suberosum, 
where  they  cause  a  stratification  of  the  bast  (Van  Tieghem).  In  E.  pulchrum 
the  secondary  bast  includes  fibrous  cells  and  stone-cells  (Johannson) ;    in 
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Aneuhphus  there  is  practically  a  second  sclerenchymatous  ring  exhibiting  the 
same  structure  as  that  found  in  the  pericycle  and  having  a  layer  of '  cristarque  '- 
ceUs  on  its  outer  side  (Van  Tieghem). 


i8f  7,  It,  p.  16. — ^WUde,  Beitr.  z.  Anat  d.  lineae.  Diss.,  Heidelberg,  1902,  (;6  pp.  and  i  Tab. — 


Hartwich,  Cocablatter»  Arcbiv  d.  Pharm.,  241,  1903,  pp.  617*30,  and  Tab.  i,  iu-~Van  Tieghem, 
Eiythrozylacdes,  now.  ex.  de  cristarqne,  Boll.  Mas.  dliiat  nat,  1903,  pp.  287-93. — [Greenish, 
Stnictnre  of  Coca  leaves,  Pharm.  Jonm.,  1904,  pp.  493-6.]— -Siissengntii,  Behaarongsyerh.  d. 
Wlinb.  Mnschdkalkpfl.,  Diss.,  Witnbnig,  1904,  p.  34. — Areschong,  Trop.  vazt.  bladbyggn.,  St. 
Vet  Akad.  HandL,  39,  n.  a,  1905,  pp.  38,  39  (Erythroxylon), — Tneorin,  Vazttrichom.,  Azkiy  for 
Bot,  !▼,  n.  18,  1905,  p.  7.— [O.  £.  SchnbE,  Erythrozylaoeae,  In  Pflanzenreich,  Heft  39,  1907, 
pp.  4-6].— [Tammes,  Fladisstengel,  Natk.  Verb.  boUand.  Mij.  Wet.,  1907,  285  pp.] 

HUMIRIACEAE  (pp.  160, 161). 

Cdozza's '  investigation  of  the  structure  of  the  leaf  in  the  species  of  Humi« 
riaceae  contained  in  the  Florence  Herbarium  has  afforded  the  following  ad- 
ditional facts.  The  leaves  are  invariably  bifacial  in  structure.  In  Humiria 
and  Vanianea  the  cells  of  the  upper  epidermis  are  larger  than  those  of  the  lower, 
and  are  differentiated  as  aqueous  tissue ;  in  SacogloMs,  on  the  other  hand,  the 
epidermal  cells  on  both  sides  of  the  leaf  are  smalL  In  Humiria  the  cells  of  the 
palisade-tissue  are  much  elongated,  whilst  in  Vantanea  and  SacogloUis  they 
are  not  so  long,  or  even  scarcely  elongated ;  the  genus  last  named  has  2-3 
layers  of  palisade.  In  SacogloUis  cuspidata^  Urb.  and  5.  ^uiancnsis,  Benth. 
em.  the  mesophyll  contains  numerous  sclerench}mfiatous  idioblasts  which  run 
from  one  epidermis  to  the  other  and  have  swollen  or  forked  terminations. 
The  median  vein  in  all  the  members  of  the  Order  includes  a  stele  with  an 
enveloping  ring  of  mechanical  tissue.  In  certain  species  of  SacogloUis  the  leaves 
bear  short,  conical  unicellular  clothing  hairs. 

For  <ktails  as  to  the  structure  of  the  petiole,  the  transverse  section  of 
which  is  circular  in  Vantanea,  circular  or  semicircular  in  SacogloUis,  and  trian- 
gular in  Humiria,  see  Colozza,  loc.  cit. 

According  to  Pitard  *,  a  composite  and  continuous  ring  of  sclerenclmna  in 
the  pericycle  of  the  axis  is  present  also  in  Aubrya  gabonensis  and  in  additional 
speaes  ot  Humiria  and  Vantanea. 

MALPIGHIACEAE  (pp.  161-167). 

3.  Structure  of  the  Axis.  A  composite  and  continuous  ring  of  scleren- 
chyma  is  developed  in  the  periwcle  in  Heteropteris  laurifolia  (Pitard).  Pierre's 
statement  (in  Flore  forest,  de  ia  Cochinchine,  xvii,  1892 ;  see  also  xviii,  1893) 
regarding  the  occurrence  of  '  poches  k  contenu  blanc  special '  in  the  cortex 
of  the  branch  of  Asfidopierys  costidata,  Pierre,  requires  further  investigation  ; 
the  contents  of  the  sacs  are  stated  to  be  coloured  blue  by  iodine. 

Note.  In  Bibl.  bot..  Heft  56,  1902,  p.  77  and  Tab.  vii-viii,  Areschoug  publishes 
the  results  of  examination  of  leaves  belonging  to  a  plant  originally  referred  to 
Derris  uliginosa,  Benth.,  but  subsequently  stated  by  the  same  authority  (in  Flora, 
1903,  p.  302)  to  belong  to  Tristellateta  australasiae,  A.  Rich.  (Malpi£;hiaceae) ;  since 
the  leaves  in  question  bear  peculiar  three-celled  trichomes  of  a  simple  type,  the 
material  is  certainly  not  referable  to  a  member  of  the  Malpighiaceae. 


Colozta,  Note  anat.  snlle  foglie  delle  Hnmiriac,  Nnovo  Giom.  bot.  Ital.,  xl,  1904,  pp.  335-45. 
Pitard,  PMcyde,  Thhae,  Bordeaux,  1901,  pp.  77,  78. 
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Uteratore:  Hohnd,  Gaberinden,  Berlin,  1880,  p.  113  et  seq.— Pitud,  Piricycle,  Th^, 
Sofdcanx,  1901,  pp.  40  and  67. — ^Aretcboog,  Tiop.  vixt.  bUdbyggn^  Sr.  Vet  Akmd.  HaikdL,  30, 
n.  a,  1005,  pp.  35,  a6. — ^Viiet,  Tialtons  dn  pUo^me  m^  etc,  Inst  de  Bot  Genfve,  1904,  pp.  4^-6$ 
ifiueua), — [For  additional  Uteratore  see  p.  11 71.] 

ZYGOPHYLLEAE  (pp,  167-169). 

Structure  of  the  Leaf.  In  NUraria  Schobcri^  L.  and  N.  trideniaia^ 
Desf .,  the  mesophyll  contains  mucilage-cells  like  those  found  in  N.  retusa ; 
tanniniferous  idioblasts  have»  however,  only  been  observed  in  N.  Schoheri 
and  N.  retusa  (Jdnsson).  We  may  add  that  according  to  the  same  author 
gelatinization  occurs  in  the  axis  in  N.  Schoben  and  leads  to  the  formation  of 
^ge  mucilage-lacunae,  situated  in  the  primary  and  secondary  cortex.  These 
lacunae  generally  originate  as  intercellular  spaces,  and  undergo  subsequent 
enlargement  at  the  expense  of  the  cells  of  the  surrounding  tissue ;  after  this 
process  of  resorption  the  contents  of  the  lacunae  in  some  cases  include  large 
numbers  of  crystals  of  oxalate  of  lime.  In  the  species  of  Fagonia,  Guaiacum, 
Larrea,  Porlieria,  Tribulus  and  ZygophyUum^  investigated  by  Pantanelli,  the 
stomata  are  small  and  are  either  sunk  or  raised  above  the  level  of  the  epidermis ; 
they  have  no  subsidiary  cells.  The  cuticle  of  the  epidermis  varies  very  much 
in  thickness.  A  specid^y  noteworthy  feature  is  the  occurrence  of  spicular  fibres 
in  the  mesophyll  in  NUraria  Schoberi;  these  fibres  branch  off  from  the 
sclerenchyma  of  the  veins,  and  traverse  the  palisade-tissue  on  the  upper 
side  of  the  leaf,  penetrating  as  far  as  the  epidermis  (Jdnsson). 

According  to  PantaneUi,  the  fibrovascular  system  of  the  petiole  is  con- 
stituted by :  (a)  a  principal  system  composed  of  3-4  {Fagonia)  or  4-6  {Tribtdus) 
vascular  bundles  or  of  a  ring  of  bundles  (ZygopkyUutn,  Porlieria^  Guaiacum, 
Bulnesia,  Larrea) ;  and  (b)  an  auxiliary  system  consisting  of  two  lateral  vascular 
bundles,  which  are  situated  towards  the  upper  side. 

For  the  structure  of  the  petiolar  cushions  of  Porlieria  hygrametra  and 
Guaiacum  officinale,  L.,  see  the  papers  by  Paoletti,  Pantanelli,  and  Rodrigue. 

Structure  of  the  Axis.  Accordmg  to  Pantanelli,  the  cork  is  in  most 
cases  (including  Zy^ophyllum  album,  L.)  developed  in  a  subepidermal  position, 
but  in  Fagonia  crettca,  L.  it  arises  on  the  inner  side  of  the  pericyclic  groups  of 
bast-fibres ;  the  latter  feature  has  by  the  way  been  previously  recorded  by 
Vesque  (in  Ann.  sc.  nat.,  s6r.  6,  t.  ii,  p.  194).  In  Bulnesia  Retamo  the  primary 
cortex  contains  stone-cells  (Pantanelli),  wlulst  in  Larrea  nitida  there  is  a  com- 
posite and  continuous  ring  of  sclerenchyma  in  the  pericyde  (Pitard).  In 
Fagonia,  Tribulus  and  Zygophyllum  the  pith  is  composed  of  a  thin-walled 
tissue  serving  the  purpose  of  water-storage ;  in  Porlieria  it  is  made  up  of 
coarsely  punctate  cells,  while  in  Guaiacum  officinale  it  includes  stone-cells 
(Pantanelli).  According  to  Pantanelli,  a  tier-like  structure  is  exhibited  by  the 
xylem-mass  also  in  Larrea  cuneifolia,  Cav. 

The  vascular  system  of  the  root  is  diarch  (Fagonia,  Tribulus,  and  Zygophyllum) 
or  triarch  {Guaiacum,  Porlieria), 

literature :  Paoletti,  Porlieria  hygronuira,  Malpifhia,  iv,  1890,  pp.  34-40,  and  Nnovo  Giom. 
.  ItaL,  189a,  p.  65  et  seq.,  especially  pp.  68-7i.^Wilson,  Leaves  an  '     '     ' 
4ana,  Transact  and  Fnctci,  Bot  Soc.  Edinbnrgh,  xix,  1893,  pp.  18S-90.- 


bot.  ItaL,  189a,  p.  65  et  seq.,  especially  pp.  68-7i.^Wilson,  Leaves  and  stipules  of  Lcarrea  mexi- 
^oiM,  Transact  and  fSx>oee(L  Bot  Soc.  EdinbnrghyXix,  1895,  pp.  18S-90. — Gamper,  Ancostnn  ' 
Diss.,  Ziirich,  1900,  p.  6a — ^Pantanelli,  Anat  IsioL  delle  Zygophyll.,  Atti  della  SodeU  del  \ 


^  matemat.  di  Modena,  ser.  iy,  yol.  ii,  1900,  pp.  93-181,  tav.  yiii-zi;  and  Polyini  motori  etc,  loc 
dt,  p.  aoi  et  seq.—Pitard,  Pericyde*  Thte.  Bordeaux,  1901^  p.  76.— Jdnsson,  Anat  Ban  d. 
Wiistenpfl.,  Lunds  Uniyecs.  Araikr.,  zxzyiii,  190a,  Afd.  a,  n.  6,  p.  sa  et  seq.  and  Tab.  ii-iiL — 
Fatzold,  Han  u.  Hols  yon  Guaiacum,  Diss^,  Strassburg,  190a,  iasj>p. — Rodrigue,  Poriieria  h^gr^- 
metra  [Arch.  Sc.  phys.  et  nat.  Soc  b^ly.,  190s,  pp.  140-a;  Actes  Soc.  h^ly.  sc.  nat.,  190a,  p.  7a]; 
and  Bull  de  rHerbier  Boissier,  ii,  190a,  p.  895. — [Holtennann,  Einfluas  d.  Klimas,  1907,  p.  83 
{TribHlus).'\ 
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GERANIACEAE  (pp.  169-174). 

1.  The  Review  of  Anatomical  Features  requires  the  following;  additions* 
The  heads  of  the  glandular  hairs  are  for  the  most  part  unicellular,  but  in  ex* 
ceptional  cases  (species  of  Oxalis)  they  may  be  multicellular.  Glandular 
shaggy  hairs  occur  m  Biebersteinia.  In  Rnynchoiheca  oxalate  of  lime  is  deposited 
in  the  form  of  styloids,  which  had  hitherto  not  been  recorded  in  this  Order. 
Seoretory  cells  are  found  side  by  side  with  the  secretory  cavities  in  species  of 
Oxalis.  The  epidermis  of  the  leaf  in  Tropaeolum  maius,  L.  includes  elongated 
cells  with  mucilaginous  contents.  Septate  laticiferous  tubes  (?)  are  present 
in  the  tuberous  roots  of  a  few  species  of  Tropaeolum.  Hard  bast  is  occasionally 
wanting  in  the  pericyde. 

2.  The  Structure  of  the  Leaf  in  the  Geraniaceae  has  recently  been 
studied  in  detail  as  follows  :  by  Brunies  in  Biebersteinia,  Monsonia,  Sarcocaukm, 
Geranium^  Erodium,  Pelargonium^  Viviania,  Rhynchotheca,  WetuUia,  Balbisia 
and  Dirachmia  ;  by  Magnus  in  Tropaeolum ;  by  Chauvel  in  the  genera  Hypseo^ 
chariSy  Oxalis,  Bwphytum,  Eichleria,  Averrhoa,  Connaropsis  and  Dapania, 
which  belong  to  the  Oxalideae ;  and  by  Brunette  in  Impatiens.  In  many 
species  of  Oxalis,  e.  g.  0.  articidata,  Sav.  or  O.  monlevidensis.  Prog,  (on  the 
upper  side  of  the  leaf)  and  0.  brasiliensis,  Lodd.  (on  both  sides  of  the  leaf), 
the  epidermis  consists  of  remarkably  large  cells  and  is  differentiated  as  aqueous 
tissue.  Hjqxxlerm  is  found  beneath  the  upper  epidermis  in  Dapania  scandens, 
Stapf .  Papillose  differentiation  of  the  lower  epidermis  has  recently  been 
recorded  also  in  Eichleria  Blanchetiana,  Prog.,  Rhynchotheca  spinosa,  R.  et  P. 
(poorly  developed),  Oxalis  articulata,  Sav.,  O.  corniculata,  L.  var.  purpurea, 
0.  hciophylla,  Arech.,  0.  hirta,  L.  and  0.  Osteni,  Arech.  In  Tropaeolum  peregri- 
num,  L.  chlorophyll  is  present  in  the  epidermis.  The  stomata  are  placea  at 
different  levels.  In  Averrhoa,  Biophytum,  and  Eichleria,  according  to  Chauvel, 
there  are  two  neighbouring  cells,  or  at  least  one  such  cell,  lying  parallel  to  the 
pore.  A  study  of  the  course  of  development  of  the  stomata  m  Tropaeolum 
has  shown  that  three  neighbouring  cells  are  formed  before  the  mother-cell  of 
the  guard-cells  becomes  differentiated  (Magnus).  Water-pores  functioning  as 
hydathodes  occur  also  in  certain  species  of  Oxalis,  and  are  situated  in  the  de-* 
pressions  of  the  emarginate  leaflets.  The  neighbouring  cells  of  the  water-pores 
m  Oxalis  like  those  of  Tropaeolum  are  occasionally  (e.  g.  in  0«  Schraderiana, 
H.  B.  K.)  papillose.  The  mesophyll  is  for  the  most  part  bifacial,  although 
centric  (homogeneous)  structure,  with  uniform  assimilatory  tissue  composed  of 
rotmded  cells,  is  also  met  with.  Balbisia  microphylla,  Pml.  has  rolled  leaves, 
the  stomata  being  contained  in  two  furrows,  situated  one  on  either  side  of  the 
principal  vein  on  the  lower  side  of  the  leaf.  In  Pelargonium  coronop^olium, 
Jacq.  the  two  halves  of  the  leaf  are  revolute,  so  that  a  aeep  furrow  is  formed ; 
the  stomata  in  this  species,  however,  occur  in  approximately  equal  numbers 
on  both  sides  of  the  leaf.  With  reference  to  the  veins  we  may  mention  that 
enlarged  terminal  tracheids  are  characteristic  of  Averrhoa,  Biophytum  and 
Eichleria,  According  to  Irgang,  the  drops,  which  appear  on  pricking  or  cutting 
through  the  veins  of  the  lea^  the  petioles  and  relatively  young  stems  of  Tropaeo^ 
lum  majus,  emanate  from  tubular  cells  situated  in  the  xylem  and  provided  with 
rather  wide  lumina,  a  nucleus  and  protoplasmic  contents ;  these  cells  are 
merely  the  young  segments  of  the  vessels,  which  in  this  case  persist  in  an 
unaltered  condition  for  an  exceptionally  long  time. 

We  may  now  pass  on  to  consider  the  clothing  hairs.  Unicellidar  and  uni-* 
seriate  tnchomes  in  some  cases  occur  in  the  same  species.  According  to 
Btunies,  the  Geraniaceae  investigated  by  him  have  clothing  hairs  in  which 
the  basal  portion  has  a  characteristic  structure ;  it  ^  inserted  between  the 
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epidermal  cells  and  is  generally  conical  or  shaped  like  a  truncated  cone,  and  only 
in  rare  cases  has  a  cvlindrical  form.  As  specially  noteworthy,  we  may  mention 
the  unicellular  trichomes,  which  Fredril^n  met  with  on  the  bulb-scales  in 
certain  species  of  Oxalis  ;  the  longitudinal  wall  of  these  hairs  has  an  uneven 
surface  duei  to  small  (0.  incartuUa,  L.,  loc.  cit.,  Tab.  I,  fig.  15)  or  spinose  (0.  sp. 
349,  loc.  cit.,  Tab.  11,  fig.  25)  papillae.  At  this  point  we  may  also  refer  to  the 
short  trichomes  found  in  Impattens  Mariannae,  Reichb. ;  in  their  typical  form 
these  hairs  consist  of  a  large  basal  cell  and  a  plano-convex  lens-shap<^  cell,  but 
they  occasionally  exhibit  transitions  to  longer  uniseriate  hairs  or  may  be  reduced 
to  a  sin|;le  large  epidermal  cell,  the  outer  wall  of  which  is  arched  outwards  in 
a  sphencal  manner.  These  structures  are  regarded  by  Haberlandt  as  local 
organs  for  light-perception  (ocellae).  Glandular  hairs  having  a  stalk  of  varjdng 
length  and  a  umcellular  head  are  found  also  in  the  genera  Averrhoa^  Biophytum^ 
Monsonia^  Viviania  and  Wendiia.  The  following  special  tj^pes  of  glandular  hairs 
have  been  newly  recorded  :  unicellular  clavate  hairs  (OmUs  rhambifolia^  J&cq* 
according  to  Chauvel,  and  0.  sp.  346  according  to  Fredrikson) ;  glandular  hairs 
with  a  very  long  stalk  and  a  unicellular  head  (0.  refracia^  St.  Hil.  var,  typica 
and  0.  subcarymbosa,  Arech.  according  to  Chauvel) ;  hairs  with  a  long  stalk 
and  an  ellipsoidal  head,  subdivided  into  three  cells  by  means  of  horizontal  walls 
(0.  amarUf  St.  Hil.  according  to  Chauvel) ;  lastly,  the  glandular  shaggy  hairs 
of  Biebersteinia  muUifida^  DC,  described  by  Brunies  as  emergences,  which 
consist  of  a  long  multiseriate  stalk  and  a  knob-shaped  head  composed  of 
numerous  cells.  Regarding  the  structure  of  the  glandular  appendages  (extra- 
floral  nectaries)  occurring  on  the  petiole  and  stem  in  the  species  of  impaiiensp 
see  also  Aufrecht  and  Brunotte,  loc.  cit. 

Oxalate  of  lime  is  sdso  deposited  in  the  form  of  styloids  ^  (parenchyma  of 
the  veins  of  Rhynchotheca  spinosa).  Large  idioblasts  contaming  clustered 
crystals  are  found  in  the  mesophvll  in  many  species  of  Erodiutn,  and  in  Pdar^ 
^onium  anatymbicum^  Steud.,  while  idioblasts  with  solitary  crystals  are  met  with 
m  certain  species  of  Oxalis,  Other  features  of  special  note  are  :  the  sphaero- 
crystalline  or  clustered  aggregates  found  in  species  of  Monsonia  and  Erodium  ; 
the  short,  moniliform  rows  of  cells  filled  witti  clustered  crystals  occurring  in 
the  veins  of  the  leaf  in  species  of  Wendtia ;  and  the  rows  of  crystal-cells  (with 
soUtary  oystals)  accompan}dng  the  vascular  bundles  of  the  veins  to  whidi  they 
form  a  kind  of  sheath  in  Averrhoaj  Biophytum  and  EicUeria. 

Chauvel,  Fenizia  and  Fredrikson  have  published  new  data  on  the  dis- 
tribution  of  the  secretory  cavities  in  Oxalis  ;  Fredrikson,  however,  only  ex* 
amined  the  bulb-scales.  According  to  Chauvel,  the  secretory  cavities  are  a 
constant  feature  in  the  acauline  species,  although  they  sdso  occur  in  certain 
species  which  have  a  well-developed  stem  (e.  g.  0.  cemua^  Thunb.  or  0.  Deppei, 
Lodd.).  The  secretory  cavities  found  in  the  bulb-scales  are  situated  on  the 
dorsal  side  of  the  vascular  bundles,  and  are  often  elongated  so  as  to  resemble 
canals.  Those  occurring  in  the  foluige-leaves  are  chiefly  marginal  in  position  ; 
more  rarely  they  are  distributed  over  the  entire  surface  of  the  leaf  (e.  g.  in  O. 
aHicuUUOj  Sav.  and  0.  hirta^  L.),  while  in  other  cases  again  (e.  g.  in  0,  Depfei) 
there  is  a  single  large  secretory  cavity  at  the  end  of  the  median  vein.  According 
to  Chauvel,  the  mode  of  development  of  these  glands  is  lysigenous  and  not 
schizogenous,  as  was  formerly  stated.    Chauvel  failed  to  observe  a  lining  layer 


^  It  may  be  pointed  out  here  that  Hohnel  met  with  'prismatic  oystals  of  oxalate  of  lime,  of 
exoeptiooally  large  size  and  rhombic  in  section '  (presomably  also  styloids)  in  Chnrco  bark,  which  Is 
imported  from  Chili  and  is  rich  hi  tannhi ;  this  baric  is  stated  l^  Hohnel  and  Wiesner  to  be  derived 
Iroan  OxaHs  gigantea^  Bam.,  while  aocordbig  to  the  former  andiority  its  structure  is  ooite  identical 
wiUi  that  of  the  cortex  of  0,  Ortgiesii,  We  may  also  note  that  according  to  Knothe  tne  mesophyll 
of  Oxalu  orHcukUay  Sav.  contains  'twin-crystals  of  calcium  sulphate  showing  the  wdl-lct^wa 
swallow-tail  form  *  (probably  also  equivalent  to  styloids  of  calcium  oxalate). 
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of  definite  epithelial  cells  in  the  secretory  cavities  as  described  by  Fredrikson. 
Tlxe  bulb-scales  of  certain  species  of  Oxcdis  contain  secretory  cells  side  by  side 
with  secretory  cavities,  while  in  other  species  of  this  genus  secretory  cells  alone 
are  present  (Fredrikson).  Magnus's  statement  as  to  the  occurrence  of  anasto- 
mosing septate  laticif erous  tubes  in  the  root-tubers  of  Trapaeolum  hrachyceras^ 
Hook,  and  T.  Leichilini,  Herb.  Kew,  still  awaits  confirmation.  In  Tropaeolum 
majus,  L.  the  epidermis  on  both  sides  of  the  leaf  contains  tubular  cells,  which 
Irciang  describes  as  mucilage-cells.  M3nrosin-cells  are  wanting  in  Oxcdis 
(Chauvel). 

Structure  of  the  Petiole.  According  to  Brunies,  medullary  vascular 
btmdles  (with  central  phloem)  are  not  present  in  all  the  species  of  Paargonium. 
In  Tropaeolum  the  petiole  contains  isolated  vascular  bundles.  In  Averrhoa^ 
Biophytumy  Connaropsis^  Eichleria  and  Tropaeolum  the  mechanical  tissue  is 
developed  in  the  form  of  a  sclerench3miatous  ring,  while  in  the  caulescent 
species  of  Oxalis  it  appears  as  bundles  of  fibres  developed  in  relation  to  the 
individual  vascular  strands. 

For  the  systematic  anatomy  of  the  bulb-scales  of  Oxalis  see  Fredrikson, 
and  also  Chauvel. 

3.  Structure  of  the  Axis.  Amongst  the  woody  members  of  the  Order, 
Averrhoa^  Connaropsis,  Dapania  and  EicUeria  possess  pericydic  groups  of  bast- 
fibres,  forming  a  more  or  less  closed  mechanical  ring.  Dapania  scanaens  shows 
bands  of  secondary  hard  bast,  while  the  pith  of  the  same  plant  contains  cdls  of 
the  nature  of  bast-fibres. 

Development  of  hard  bast  in  the  pericycle  is  met  with  amongst  the  her- 
baceous forms  also  in  species  of  Biophytum^  Hypseocharis,  Oxalis  and  Tropaeo^ 
lum.    In  Tropaeolum  peregrinum^  L.  the  cork  arises  in  the  endodermis  (Magnus). 

literature:  MoUer,  Gcrbcrinden,  Berlin,  1880,  pp.  124-7  (Churco-bark).— Cortantin,  Tiges 
b6t,  et  sont,  Ann.  sc.  nat,  s^r.  6,  t.  xri,  1883,  p.  104  et  seq. — Hildebrand,  Sdmtzeiniicht.  bei  den 
OxaliS'Zvnehtlnt  Ber.  deatsch.  bot.  Geaellsch.,  1884,  p.  108. — [Acqna,  in  Ann.  R.  Ist  bot  Roma, 
1887.] — Anfiecht,  Extraflorale  Nekt.,  Diss.,  Ziirich,  189a,  p.  ao  et  sea.  {ImpaiuHS  ^anduHgntC)*'^ 
[Drobnig,  Wnnel-KnoUen,  Diss.,  Rostock,  189a,  p.  ^  et  seq.  (Ojra/£r).]--Gnignard,  Piindpes 
act,  Comptes  rendns,  Paris,  czvii,  1893,  pp.  587  and  751  et  seq.~[Tognini,  Stomi,  Atti  IsL 
bot.  Pavia,  1894.] — Fredrikson,  Anatom.>syst  Stnd.  oiver  Lokstammiga  OxaUs-BJiet,  Akad.  Afh. 
Upsala,  1894-5,  67  pp.,  Tab.  i-ii.— Jonsson,  Anat  Ban  d.  BL,  Acta  Univ.  Land,  xzxii,  a, 
jSg6» — Magnns  Gust.,  Bdtr.  z.  Anat  der  Tropaeolaceae,  Diss.,  Heidelberg,  1898,  m  pp. — 
Schwendener,  Gdenkpolster  von  Phaseoius  a.  Oxalis ^  Sitz.-Ber.  B^liner  Akad.,  18^,  zii,  p.  176 
et  seq.— Spanjer,  Wasserapparate,  Bot  Zeit,  1898,  i,  p.  54. — Bmnies,  Anat  d.  Geraniaceen-^latter, 
Diss.,  Breslan,  1000,  40  pp.,  i  Tab. — Bninotte,  Rech.  embr.  et  anat  snr  qn.  esp.  ^ImpoHens  et 
Tropaeolum^  These,  Paris,  1900,  178  pp.,  10  pi. — Kliem,  Reeenerationsorg.,  Diss.,  Erlangen,  1900, 
p.  II. — Schleichert,  Xerophyten  bei  Jena,  Natnrwiss.  Wocnmschr.,  1900,  p.  449  {Geramium\ — 
Tnnmann,  Sekretdiiisen,  Diss.,  Bern,  1900,  p.  33. — [Arechavaleta,  FL  Unig.,  Ann.  Mns.  nac,  de 
Montevideo,  iii,  1901,  p.  180  et  seq. ;  cited  from  Chauvel.]— Haberlandt,  Sinnesoigane,  1901,  p.  88 
et  seq. — Molisch,  Milchsalt  u.  Schleimsaft,  1901,  p.  14. — Pitard,  P&cyde,  Th^,  Bordeaux, 
1901,  pp.  48,  50,  and  75.— Barc^gli-Petmcd,  L^ami,  Malpighia,  190a,  p.  313  {Connaropn^. — 
Bncbenau,  Tropaeolaceae,  in  Flanzenreich,  Heft  10,  190a,  pp.  4,  5. — [Fenuia,  Corpuscnli  resinod 
coJorati  nell'  Oxalis  tsoticJu^  Riv.  ItaL  Sc.  nat,  190a,  pp.  5  a  and  83;  abttr.  in  Bot  CentralbL, 
zciii,  p.  337.]— Hohlke,  in  Beih.  bot  Centralbl.,  xi,  190a,  p.  42. — Irnng,  Saftausscheid.  Elem.  u. 
Idiobiasten  bei  Tropaeolum  mains ^  Sitz.-Ber.  Wiener  Akad.,  cxi,  Abt.  i,  1902,  9  pp.,  i  Tab. — 
Knothe,  Unbenetzb.  Blatter,  Diss.,  Heidelberg,  190a,  pp.  10,  11.— Knuth,  Geranium^  in  Engler, 
Bot.  Jahrb.,  xxxii,  190a,  p.  ipo  et  seq.— [Preston,  in  Bot.  Gaz.,  xxxiii,  1903,  pp.  150-4 ;  abttr.  in 
Bot  CentralbL,  Ixxax,  p.  510.] — [Ramaley,  Trich.  struct  of  Erodium  cicutarium,  Bot.  Gaz.,  xxxiii, 
looa,  pp.  1 40- a.]— Chauvel,  Rech.  sur  la  fam.  des  Oxalidacto,  Thise,  Paris,  1903,  ao5  pp. — [Van 
lieghem,  in  Bull.  Mus.  d*hist  nat,  ix,  1903,  p.  a87.]--Col,  in  Ann.  sc  nat.,  ser.  8,  t  xx,  1904, 
p.  ia8.--[Dore,  Et  bot,  chim.  et  pharm.  des  Geranium  aikuUieum  et  G,  maculatum^  Th^ 

i  Tab.  ui.— Siissenguth, 

-Theorin,  Viixttrichom., 


904,  p.  li ;  see  also  loc  dt,  iv,  n.  18, 1905,  p.  7. — ^Netolitzky,  DikotylenbL 
(Rhsphiden),  1905,  p.  33. — Porsch,  Spoltoffiiungstypus,  Jena,  1905,  pp.  11 7-19  and  Tab.  iv. — 
SaitoD,  Rech.  «xp.  sur  I'anat.  des  pi.  affines,  Ann.  sc  nat.,  i^.  o,  t  ii,  1905,  pp.  33  and  95  et  aeq. 
(6W«#sfirM).'-^[Holtennann,  Einnuss  d.  Klimas,  1907,  p.  ai7  (impatiems  maerophytla).'] 
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RUTACEAE  (pp.  174-182). 

1.  The  following  special  characters  may  be  added  to  the  Review  of  the 
Anatomical  Features  :  inlands,  which  do  not  project  in  the  form  of  hairs,  in 
certain  species  of  Boronta ;  sphaerocrvstalline  masses  of  varying  chemical 
composition  (partly  hesperidin) ;  branched  sclerenchymatous  cells  (species  of 
Boronia)  and  enlarged  terminal  tracheids  (Phebalium)  in  the  mesophyU  ;  groups 
of  fibrous  cells  situated  in  the  pith  of  Evodia  fraxinifolia^  Hook,  f .  TTie  ordinary 
clothing  hairs  are  unicellular  or  uniseriate.  In  a  few  members  of  the  Order 
additional  records  of  the  differentiation  of  epidermal  papillae  or  of  the  pre- 
sence of  hj^poderm  in  the  leaf  have  recently  been  published. 

2.  Structure  of  the  Leaf.  Schulze  has  recently  investigated  the  struc- 
ture of  the  leaf  in  a  large  number  of  genera '.  The  subsequent  description  is 
based  on  his  work^  as  well  as  on  the  remaining  papers  cited  below.  Epidermal 
cells  with  mucilaginous  inner  membranes  have  been  recorded  in  certain  species 
of  Acmaienia^  Aaenandra^  Agathosma,  Barosma^  Coleonema,  Diosma,  Empleurum, 
FUndersia,  MacrostyliSy  PhModendron^  Skimmia,  Toddalia  and  ZatUhoxylon. 
Hesperidin  is  not  only  found  in  the  epidermis  of  the  species  of  Barosma,  for, 
according  to  Schulze,  it  occurs  in  the  same  position  also  m  Agathosma  biopkyUa, 
E.  et  Z.,  CeUodendron  capensCy  Thunb.,  Diciamnus  Fraxinella,  Pers.,  EmpUurum 
ensaium,  E.  et  Z.,  Ptelea  trifoliata^  L.,  Skimmia  japonica^  Thunb.,  Toddalia 
aculeata.  Lam.,  ZatUhoxylon  fraxineum,  Willd.  and  z.  Pterota,  H.  B.  K.,  and» 
accordinfi"  to  Duval,  in  Pilocarpus  Goudotianus,  Tul.,  P.  pennaHfolius,  Lem., 
P.  trachytophus,  Hemsl.  and  ZatUhoxylon  degans^  Engl.  According  to  Schulze, 
as  may  be  pointed  out  here,  the  sphaerocrystalline  masses,  observed  by  Schaars- 
schmidt  in  alcohol-material  of  KtUa  (Haplophyllum)  Biebersteinii^  Neilr.,  and 
regarded  by  him  as  inulin,  consist  neither  of  inulin  nor  of  hesperidin  ;  Geiger  also 
states  that  the  crystalline  ag^egates,  which  are  found  in  the  epidemud  cells 
of  Pilocarpus  trachyphyllus^Hohaes  and  other  species  of  this  genus  (also  P. 
pennaiifohus,  Lem.)  and  which  have  a  tufted,  rayed  or  racemose  structure, 
cannot  with  certainty  be  regarded  as  consisting  of  hesperidin.  In  Eriostemon 
saUcifoliuSy  Sm.  the  upper  epidermis  consists  locally  of  two  layers.  Hj^poderm 
is  found,  according  to  Duval,  in  Pilocarpus  giganteus,  Engl,  (composed  of  2-3 
layers),  P.  Goudotianus,  Tul.  (one  layered)  and  P.  latifolius,  St.  Hil.  (1-2  layers), 
and,  according  to  my  own  observation,  in  Pagetia  medidnalis,  F.  v.  M.  (one- 
layered)  ;  it  occurs  also  in  the  neighbourhood  of  the  larger  veins  in  Evodia 
obtusifolta,  DC.  ?  and  in  the  petiole  of  Rula  graveolens,  L.  Papillose  differentia- 
tion of  the  epidermal  cells  has  been  observed  also  in  Boenningnausenia  albiflora^ 
Rchb.  (on  both  sides  of  the  leaf)  and  Eriostemon  salidfoiius^  Sm.  (only  on 
the  upper  side) ;  according  to  Duval  (loc.  cit.,  pp.  119  and  37  et  seq.)  and 
other  authorities,  it  is  found  in  species  of  Pilocarpus  as  well.  In  Ad^iandra 
the  cuticle  exhibits  slight  papillose  irregularities.  Schidze  states  that  the 
upper  epidermis  in  Murraya  exotica,  L.  contains  pectiliar  groups  of  small  cells, 
and  that  below  these  groups  the  palisade-tissue  is  more  strongly  developed. 
The  stomata  are  more  commonly  found  only  on  the  lower  side  of  the  leaf 
than  on  both  sides.  In  most  cases  they  are  uniformly  distributed  over  the 
entire  surface,  but  exceptions  to  this  rule  are  furnished  by  Acmadenia  and 


'  yiz.  Cmparieae:  A/fneideOy  EryihrockitoHj  Kaviax  Rnteae:  Ruia,  Bottminghmisenia^ 
Dictamntis;  Diosmeae:  CahdtndroHy  MacrostyUs^  Diosma^  Coleonema,  Acmadenia^  Adetumdra^ 
Barosma,  Agaikosmay  EmpUurum ;  Boronioie :  Zieria,  Bortmiay  Eriostemon^  Phebaiium^  Coma  ; 
Zanthoxyleae :  Evodia^  Choisya^  Zanthoxylon^  Pilocarpus;  Toddalieae:  Toddaiie^  PkeUodendron, 
PtiUa^  Skimmia ;  Auimntieae :  Murraya,  Paramiguya,  Citrus ;  also  the  genus  Flindersia^  which 
was  formerly  placed  amongst  the  Meliaoeae. 
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Coleonenuij  in  which  they  are  confined  to  a  narrow  median  2one  on  both  sides 
of  the  leaf,  and  by  Macrostylis^  in  which  they  occur  only  on  two  narrow  strips, 
situated  to  the  right  and  left  of  the  midrib  on  the  lower  surface  of  the  leaf. 
Schulze  describes  the  occurrence  of  subsidiary  cells  to  the  stomata  in  the 
following  species :  Citrus  trifoliata^  L.  (4-5  subsidiary  cells),  Eriostemon  buxi- 
foUus^  Sm.  (1-2  subsidiary  cells  on  either  side  of  the  pore  and  placed  parallel 
to  it),  Crowea  saligna  (two  or  more  distinct  subsidiary  cells  occasionally  present), 
Murraya  exotica^  L.  (4-5  subsidiary  cells).  Pilocarpus  pennaiifolius,  Lem.  (5  sub- 
sidiary cells),  Paramignya  sp.  (4-5  subsidiary  cells),  Ravia  resinosa,  Nees  et 
Mart.  (2-4  subsidiary  cells),  Skimmia  japonica,  Thunb.  (subsidiary  ceUs  arranged 
to  form  a  rosette).  The  stomata  of  Erythrockiton  brasiliense,  Nees  et  Mart, 
require  special  mention ;  in  this  species  there  is  a  single  neighbouring  cell 
situated  on  either  side  of  and  parallel  to  the  pore,  while  in  surf  ace- view  a  narrow 
crescent-shaped  area,  which  is  faintly  rose-coloured,  is  superposed  on  each 
guard-cell ;  the  latter  phenomenon  is  due  to  interference  of  light  causing  the 
cell-membranes,  which  are  thin  at  these  points,  to  appear  red.  The  meso- 
phyll  is  bifacial  or  centric.  In  the  leaves  of  AgtUhostna  lediformis^  E.  et  Z., 
which  are  adpressed  to  the  axes,  the  mesophyll  exhibits  an  inversion  of  the 
ordinary  anatomical  structure,  since  the  palisade-tissue  situated  on  the  mor- 
phologically lower  side  is  more  strongly  developed  than  on  the  upper  side. 
Schulze  met  with  branched  sclerenchymatous  cells,  generally  developed  in 
relation  to  the  terminations  of  the  veins,  in  Boronia  crenulata,  Sm.,  £.  elatior^ 
Bartl.,  B.  ledifolia.  Gay,  and  B.  serrulata^  Sm. ;  enlarged  terminal  tracheids 
have  been  oteerved  in  Phebalium,  and  stone-cells  in  the  conjunctive  paren- 
chyma of  the  principal  veins  in  Almeidea  rubra,  St.  Hil. 

Our  knowledge  as  to  the  mode  of  deposition  of  oxalate  of  lime  has  been 
extended  by  the  following  additional  facts.  Solitary  crystals  occur  in  the 
epidermis  of  the  leaf  in  Flindersia  australis,  R.  Br. ;  the  epidermal  cells  in  this 
case  either  contain  a  single  crystal  inserted  in  the  thickened  wall  or  undergo 
subdivision  by  irregularly  orientated  walls  into  a  number  of  chambers,  each 
of  which  includes  a  crystal.  On  the  other  hand,  according  to  the  investigations 
of  Pfitzer  and  Guttenberg  the  well-known  crj^tal-cells  of  Citrus  (see  also 
Pen2ig,  loc.  cit.),  which  are  met  with  in  surface  sections  of  the  leaves,  are  not, 
as  stated  on  p.  176,  epidermal  structures,  but  belong  to  the  ^ound  tissue ;  it  is 
only  in  the  course  of  subsequent  growth  that  they  push  then*  way  between  the 
epidermal  ceUs.  Crystal-cells  occupying  the  same  position  as  those  of  Citrus  are 
found  also  in  Atalantia  buxifolia  and  Paramignya  sp.  According  to  Geiger 
(see  also  Duval),  features  characteristic  of  (perhaps  all)  the  species  of  the  genus 
Pilocarpus  are  the  occurrence  of  transversely  septate  palisade-cells  with 
clustered  crystals  in  the  chambers,  and  the  blocking  up  of  the  respiratory 
cavities  by  small  cells  containing  clustered  crystals  of  oxalate  of  lime. 

The  following  features  have  been  recently  obs^ired  in  connexion  with  the 
trichomes.  Erythrockiton  brasiliensis^  Nees  et  Mart,  has  unicellular  glandular 
hairs,  which  are  commonly  situated  above  the  secretory  cavities  and  have 
a  spherical  shape.  External  glands  with  a  clavate  or  spherical  multicellidar 
head  are  found  in  Choisya  temata,  Kth.,  Esenbeckia  febrifuga^  Juss.  (according 
to  Duval),  Monniera  trifolia,  L.  (according  to  Duval),  Peganum  Harmala,  L., 
species  of  Pilocarpus^  Zanthoxylon  Pterota,  H.  B.  K.  and  other  species  of  this 
genus,  and  Zieria  lanceolata,  R.  Br.  We  may  class  with  the  glandular  hairs 
the  glandular  structures,  commonly  found  on  the  lower  side  of  the  leaf  in 
Boronia  crenulata,  Sm.,  although  only  of  isolated  occurrence  in  B.  elatior,  Bartl. ; 
these  glands  are  not  however  differentiated  as  hairs,  being  even  slightly  sunk 
below  the  surface.  In  surface  sections  they  appear  as  small  round  areas, 
composed  of  a  small-celled  tissue  and  surrounded  by  a  rosette  of  4-5  narrow 
epidermal  cells.    In  transverse  sections  of  the  leaf  these  glands  exhibit  a  thick 
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outer  wall  with  a  subjacent  secretory  tissue  ccmsisting  of  2-3  layers  of  palisade- 
)ike  cells  with  thin  walls,  and  below  that  2-3  further  layers  of  rounded  cells 
with  slightly  thickened  walls. 

Schulze  records  stellate  hairs  also  in  Borania  Udifolia,  Gay  and  Crowea 
saUgnOf  Sm.,  while  those  found  in  species  of  Correa  and  Zieria  have  been  sub- 
jected to  detailed  examination  by  the  same  investigator ;  in  Crowea  saligna 
the  hairs  are  of  such  small  dimensions  that  the  surface  of  the  leaf  appears  smooth. 
The  ordinary  clothing  hairs  are  unicellular  or  uniseriate  ^ 

In  many  of  the  genera  Haberlandt  has  demonstrated  a  special  mechanism 
in  the  secretory  cavities  *  serving  the  purpose  of  excretion.  The  glands  are 
provided  with  two  or  more  (mostly  four)  epidermal  cells  of  peculiar  shape, 
which  are  differentiated  as  Ud-cells,  and  the  lateral  walls  of  which  are  specially 
modified.  The  turgescence  of  the  cells  forming  the  wall  of  the  glands  and 
the  consequent  pressure  exerted  on  the  secretion,  together  with  movements 
resulting  m  the  bending  of  the  leaf-surface,  lead  to  the  formation  of  clefts 
between  the  lid-cells,  through  which  emission  of  the  secretion  takes  place. 
According  to  Schulze,  however,  the  Ud-ceUs  are  not  pesent  in  all  the  members 
of  the  Order  investigated  by  him.  As  regards  the  distribution  of  the  secretory 
cavities  we  may  first  notice  that,  according  to  Pierre,  they  occur  also  in  Thard" 
dora  cochinchinensiSj  Pierre.  Schulze's  statement  that  Zanthoxylon  {Fagara) 
Pterota  has  no  secretory  cavities  and  only  possesses  secretory  cells  requires 
some  modification,  the  secretory  cavities  in  this  species  being  confined  to  the 
notches  between  the  leaf-teeth ;  the  secretory  ceUs  are  found  both  in  the 
bast  and  in  the  conjunctive  parenchyma  of  the  veins.  Schulze  again  discusses 
the  question  whether  the  secretory  structures  found  in  Pagetia  are  of  the  nature 
of  cavities  or  cedls,  and  in  this  relation  I  may  mention,  that  I  have  recently 
investigated  an  original  specimen  of  P.  medicinalis,  F.  v.  M.,  and  that  it  possesses 
secretory  cavities  and  no  secretory  cells  •. 

In  most  of  the  species  examined  by  Schulze  the  petiole  contains  a  ring  of 
wood  and  bast. 

3.  Structure  of  the  Axis.  The  description  of  the  structure  of  the 
cortex  requires  the  following  additions.  The  cork  arises  in  the  subepidermal 
layer  in  Pilocarpus,  and  not  in  the  epidermis,  as  was  formerly  stated  (Geiger) ; 
cork-development  also  takes  place  subepidemially  in  Murraya  exotica  (Laborde). 
The  cells  of  the  cork  are  thin  in  Galipea  and  Cusparia,  while  in  Esenbeckia  the 
inner  tangential  wdls  are  strongly  thickened  (Gamper) ;  Toddalia  has  cork- 
ceUs  thickened  in  the  form  of  a  horseshoe  (BocquiUon).  The  Uterature  cited 
below  also  furnishes  additional  data  on  the  occurrence  of  stone-cells  and  of 
secondary  hard  bast.  The  presence  of  groups  of  fibrous  cells  in  the  pith  of 
Evodia  fraxinifolia.  Hook.  f.  requires  special  mention  (Bocquillon). 

Bocquillon's  paper  contains  a  few  important  facts  about  the  secretory  re- 
ceptacles found  in  the  axis.  Secretory  cavities  are  present  in  the  pith  also  in 
Evodia  fraxinifolia.  Hook,  f.,  Toddalia  aculeata,  Pers.,  T,  paniculata,  Lam.  and 
Zanthoxylon  hyemale,  St.  Hil.  The  '  lacunes '  recorded  in  the  primary  cortex  in 
certain  species  of  Zanthoxylon,  and  the  '  larges  lacunes  '  found  in  the  wood  in  Zan- 
thoxylon Budrunga,  WalL  are  no  doubt  in  view  of  my  earlier  statements  (p.  1 8 1 )  of  the 
nature  of  mucilage-spaces.    The  '  glandes  ol6if^res,'  stated  to  occur  in  the  bark  in 


^  Duval's  statement  (loc.  dt.,  p.  119,  cf.  p.  27)  as  to  the  occurrence  of  multicellular  clothing 
hairs  in  Pilocarpus  pennatifohusy  Lem.,  and  /^  Selioanus,  Engler,  is  no  doubt  only  a  misprint. 
Uniseriate  clothing  hairs  are,  however,  found  in  this  Order,  e.  g.  in  species  of  Mmmiera  and 
ZoHtkoxyUn, 

'  Secretoiy  cavities  have  not  been  observed  in  the  root  of  the  Rutaoeae  (Van  Heghem). 

'  The  statements  published  by  Tschirch's  pupils  (recently  Stepowski,  and  formerly  Becheraz  and 
Sieck)  as  to  the  occurrence  of  medullary  resin-canals  in  Amyris  balsamifera  probably  depend  oo 
incorrect  determination  of  the  material  used  for  the  investigation. 
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many  species,  probably  in  all  cases  represent  oil-cells ;  the  statement  as  to  the 
presence  of  secretory  cavities  in  the  bast  in  Zanthoxylon  Pentaname^  DC.  is  certainly 
incorrect.  What  EiocquiUon  means  by  *  nodules  s6cr6teurs,'  described  as  occurring 
in  the  pith  in  Z.  Tingoassuiba,  St.  ml.  and  Z.  alatumt  Roxb.,  must  be  made  the 
subject  of  further  investigation. 

For  the  structure  of  the  spines  occurring  in  the  species  of  Zanthoxylon, 
see  Barber,  Bocquillon,  Lothdlier  and  Mitlacher ;  these  spines  subsequently 
become  elevated  on  a  corky  excrescence,  which  undergoes  continual  increase 
in  ^irth  at  its  base  (the  same  phenomenon  moreover  is  met  with  Biso  in  Tod- 
dalta  acfdeata).  The  structure  of  the  leaf-spines  of  Ciirus  is  dealt  with  by  Mitt- 
mann,  that  of  the  stem-spines  of  Madura  by  Loth61ier. 

Regarding  the  occurrence  of  a  '  r&eau  de  soutien '  in  the  subepidermal 
layer  of  the  root  in  Choisya  ternata,  see  Boudouresques,  loc.  cit. 


Literature:  Penzig,  Apparecchi  illnminat.,  Atti  Soc.  dd  Naturalist!  di  Modena,  Rendiconti, 
4i  PP-  106-1  a. — [Semenowy  Pemamtmco^aborandi,  Zeitschr.  d.  Pharm.,  1 888,  p.  67.I — Mittmann, 
Anat.  d.  Pflanzeostach.,  Verhl  bot  Ver.  mndenbnxg,  1889,  P*  S'-— C*  ^  Candolle,  Infloresc 
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Ban)er,  Coricy  excresc  on  stems  of  Zan/AcxyUHf  Ann.  of  Bot,  ▼!,  189a,  pp.  i54-€o  and  PL  vii,  viiL — 
Lotbelier,  Epines,  Th^,  Paris,  1893,  pp.  15,  30  and  34.— [Tognini,  Stomi,  Atti  1st  bot  Pavia, 
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de  la  Cochinchine  xxii,  1896  {JhoreUora), — Elfstrand,  Heilpfl.,  Ber.  dentsch.  pharm.  Gesellach., 
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of  the  gelatinized  epidermis.]— Laborde,  Et  bot.  et  chim.  des  Murray^  exotica  et  M,  Komigii^ 
Thise^  Toolottse,  1897,  pp.  ao-3^---^Schneider,  The  offic  Jaborandis,  Jonm.  of  PharmaooL,  x,  1897, 
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einiger  Rutaceen-Rinden,  Zeitschr.  allg.  ost  Apothek..Ver.,  1901, p.  aa5  et  seq. ;  after  Bk>t  Centralbl., 
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H.  Schulze,  Beitr.  z.  Blattanat.  d.  Rutaceen,  Diss.,  Heidelberg,  190a,  50  pp.,  a  Tab.  (sep.  copy  from 
Beih.  Bot.  Centralbl.,  xii,  190a,  p.  55). — Widera,  Pharmakogn.-chem.  Stud,  iiber  die  Verbreit  des 
Berberins,  insb.  in  der  Gatt.  Zanthoxylon,  Diss.,  Strassburg,  190a,  p  54  et  seq.— Achner,  Falsche 
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iii,  1906. — Stepowski,  Veg.  Org.d.  Burserac  etc..  Diss.,  Bern,  1905,  p.  47  et  seq.— Picdoli,  L^;nami, 
BulL  Siena,  1906,  p.  135.— [For  additional  literature,  see  p.  11 7a. J 


SIMARUBACEAE  (pp.  182-188). 

I.  In  the  Review  of  Anatomical  Features  a  number  of  corrections  and 
additions  are  made  necessary,  chiefly  by  Jadin's  comprehensive  paper  '.  The 
following  special  types  of  stomatal  apparatus  have  recently  been  recorded  : 


^  Jadin*s  investigations  deal  with  the  structure  of  the  leaf  and  axis  in  the  following  genera : 
Quassia,  Simada,  Hannoa,  Manma,  Simaruba,  Ailanthus,  Samaderay  Hyptiofuira,  Castela,  H9la- 
coMiha,  Picrasma,  Brucea,  PicroUmma,  Euryconta,  CadcUia,  Suriama,  Soulamea,  Amaroria, 
Innngiay  Kirkia,  Harrisonia,  PicreUa,  Picramnia,  Picrodendron,  as  well  as  Aharadoa,  Klainedoxa, 
OUyimka,  and  Picrocardia ;  in  Amaroria  the  leaf  only  was  examined. 
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stomata  with  subsidiary  cells,  placed  parallel  to  the  pore  {Castda,  Irvingia^ 
KlainedoxOy  Pkrodendron) ;  stomata  with  3-5  neighbouring  cells  resembling 
subsidiary  cells  (Suriana) ;  and  stomata  arranged  in  groups  (Castda^  Soulamea). 
Suriana  constitutes  an  exception  as  regsu:ds  the  mode  of  development  of  the 
cork,  the  phellogen  in  this  genus  arising  in  the  inner  part  of  the  pnmary  cortex. 
A  composite  and  continuous  ring  of  sclerenchyma  m  the  pericycle  is  present 
also  in  Rigiostachys  and  Samadera  Harmandii^  Pierre ;  in  the  genera  Irvingia^ 
Irvinfdla,  Desbordesia  and  Klainedoxa^  which  belong  to  the  Irvingieae,  there 
is  a  similar  ring,  which  di£fers  however  in  including  sclerosed  parenchymatous 
cells  exhibiting  U-shaped  thickening  ;  Castda  has  a  fairly  contmuous  and  com- 
posite ring.  Secondary  hard  bast  is  of  frequent  occurrence.  In  GuUfoylia 
the  walls  of  the  vessels  bear  simple  pits  in  contact  with  parenchyma  of  the 
medullary  rays  ;  in  Rigiostachys,  as  well  as  in  BruneUia  and  Neopringlea^  some 
of  the  wood-fibres  are  septate.  Jadin  records  the  occurrence  of  resin-canals 
at  the  periphery  of  the  pith  also  in  Eurycoma^  Hannoa  and  Oldyendea, 

Uniseriate  clothing  hairs  are  found  side  by  side  with  the  unicellular  hairs. 
The  deposition  of  oxalate  of  lime  in  the  special  form  of  small  crj^tals  of  varied 
shape,  which  are  situated  in  the  mesophyll  or  in  the  epidermis  of  the  leaf,  is 
met  with  also  in  the  genera  of  the  Sunaneae  (CadeUia^  GuUfoylia,  Rigiostachys 
and  Suriana).  Resin-cells  have  been  demonstrated  also  in  species  of  Irvingia 
and  in  Oldyendea,  as  well  as  in  the  genus  Chamadea  {Cneorum  pulverulenium. 
Vent.),  which  Van  Tieghem  rightly  separates  from  Cneorum,  Mucilage-cells 
or  spaces  are  of  general  distribution  in  the  genera  of  the  Irvingieae  {Irvingia, 
Irvingdla,  Desbordesia  and  Klainedoxa),  and  in  the  new  genus  Perrierea,  wUch 
is  closely  related  to  Picrastna.  Other  specially  noteworthy  features  are  as 
follows  :  The  vertical  transcurrence  of  the  smaller  veins  of  the  leaf  in  Irvingia, 
Klainedoxa  and  Picrodendron ;  the  extrafloral  nectaries  on  the  petiole  in 
CadeUia,  and  on  the  midrib  and  occasionally  on  both  surfaces  of  the  leaf  in 
Samadera ;  the  heterogeneous  pith  found  in  Harrisonia  ;  the  subepidermal 
groups  of  fibrous  cells  m  the  stem  of  the  leafless  genus  Holacantha  ;  and  the 
*  cristarque  '-cells  situated  in  the  primary  cortex  in  the  genera  of  the 
Irvingieae. 

2.  Structure  of  the  Leaf.  In  most  cases  the  leaf  is  bifacial  in  structure, 
rarely  {Ailanthus  excelsa,  Roxb.,  Chamadea  pulvertdenta,  V.  T.  and  Suriana 
maritima,  L.)  centric.  Papillose  differentiation  of  the  lower  epidermis  is 
found  in  the  following  additional  species  :  Ailanthus  Fauveliana,  Pierre, 
A.  imberbifolia,  F.  v.  M.,  A,  malabarica,  DC,  Eurycoma  longifolium.  Jack, 
Irvingia  Oliveri,  Pierre  (=^Irvingdla  Oliveri,  V.  T.),  Kirkia  Williamsii,  Engl., 
Oldy^ea  gabonensis,  Engl.,  0.  Klaineana,  Pierre,  and,  according  to  Van 
Tiegheni,  quite  generally  in  Desbordesia  and  IrvingeUa,  Gelatinization  of  the 
epidermis  of  the  leaf  no  doubt  occurs  in  a  relatively  large  number  of  genera, 
e.  g.  in  Castela  erecta,  Turp.  (Borgesen  and  Paulsen)  and  in  the  four  genera  of 
the  Irvingieae  (Van  Tieghem).  Unfortunately  Jadin  placed  an  incorrect 
interpretation  on  these  gelatinized  epidermal  cells,  as  is  clearly  shown  by  his 
statements  regarding  Picrocardia  resinosa,  Radlk.  and  by  his  figures  ;  he 
regarded  the  gelatinized  cells  as  divided  epidermal  cells  and  the  mucilaginous 
membranes  as  hypodermal  cells, — ^an  error  which  is  very  widespread  in  the 
literatiu*e  dealing  with  systematic  anatomy  (e.  g.  also  in  Vignoli's  paper  with 
reference  to  Irvingia  Oltveri)  and  is  met  with  over  and  over  again.  Jadin's 
statements  as  to  the  occurrence  of  tangential  division-walls  in  the  epidermis 
or  as  to  the  presence  of  h3rpoderm  in  species  of  Ailanthus,  Amaroria,  Castela, 
Hannoa,  Irvtngia,  Kirkia,  Klainedoxa,  Oldyendea,  Picrocardia  and  Soulamea 
must  therefore  be  accepted  with  reserve  and  require  critical  revision.  The 
stomata  are  provided  with  subsidiary  cells  in  only  a  very  few  of  the  genera.  In 
Irvingia  and  Klainedoxa  (but  not  in  IrvingeUa  and  Desbordesia),  as  well  as  ia 
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Picrodendron,  the  stomata  have  subsidiary  cells,  which  are  placed  parallel  to 
the  pore ;  according  to  Bdrgesen,  and  Paulsen  the  same  is  true  of  Castda.  In 
Suriana  there  are  3-5  neighbouring  cells  differentiated  like  subsidiary  cells. 
Stomata  are  found  on  both  sides  of  the  leaf  also  in  Chamadea  pulverulenta, 
V.  T.  and  Suriana  maritima,  L.  In  Castela  depressa^  Turp.  each  group  of 
three  stomata  is  surrounded  by  four  or  five  neifihbouring  cells  ;  in  most  of  the 
species  of  Soulamea^  if  I  understand  Jadin  rightly,  the  stomata  are  arranged 
in  ^oups  (stomates  •  •  .  r6unis  en  plages  avec  5  ou  6  cellules  de  bordure '), 
whilst  in  5.  Pancheri^  Brongn.  et  Gns  they  are  contained  in  pits,  like  those  of 
Nerium.  Jadin  has  recently  observed  spicular  cells  in  the  mesophyU  in  the 
following  additional  genera :  Hypiiandra,  Irvingia  and  Oldyendea  *.  In 
Irvingia  gabonensis,  Baill.  occasional  ceUs  of  the  spongy  tissue  are  strongly 
thickened  and  di£ferentiated  as  sclereids,  while  in  Casida  longifolia^  Gris  and 
C.  erecta,  Turp.  the  same  feature  is  shown  by  isolated  palisade  cells.  In  Irvin- 
gella  (according  to  Van  Tieghem,  but  not  in  Irvingia,  V.  T.  em.),  Klainedoxa 
and  Picrodendron  the  smaller  veins  are  vertically  transcurrent  by  means  of 
sclerenchjmaa. 

Regarding  the  mode  of  deposition  of  oxalate  of  lime  we  may  add  the  follow- 
ing information.  Small  crystalline  bodies,  sometimes  resembling  clustered 
crystals,  are  found  in  the  mesophyU  and  occasionally  in  the  epidermis  also  in 
the  remaining  Surianeae  (Suriana,  Cadellia,  GuUfoylia),  Relatively  lar^ 
idioblasts  occupied  by  solitary  (e.  g.  in  Picramnia)  or  clustered  crystals  (e.g.  m 
Brucea)  are  frequently  present  in  the  mesophyU.  In  addition  to  the  uniceUular 
clothing  hairs  imiseriate  hairs  also  occur  in  this  Order  (e.  g.  in  Hyptiandra, 
Picrocardia  and  Soulamea),  whUe  in  Caddlia  the  uniceUular  hairs  are  accom- 
panied by  biceUular  trichomes  with  a  short  basal  ceU.  UniceUular,  two-armed 
clothing  hairs  having  the  shape  of  a  T  or  Y  are  foimd  only  in  Cneorum  putveru- 
lenium  (^ChamaeUa  pulvermenia,  V,  T.),  C.  tricoccum  merely  having  ordinary 
uniceUular  clothing  hairs.  The  only  additional  records  of  the  occurrence  of 
multiceUular  external  glands  are  those  of  Brucea  sunuUrana,  Roxb.  (according 
to  Jadin)  and  of  Cneorum  tricoccum,  L.  (according  to  Van  Tieghem).  In 
connexion  with  our  accoimt  of  the  glandular  hairs  we  may  notice  the  extra- 
floral  nectaries  (?)  found  on  the  petiole  in  Caddlia  pentastylis,  F.  v.  M.,  and 
appearing  to  the  naked  eye  as  caUosities.  Their  epidermis  consists  of  narrow 
]^disade-Uke  ceUs,  the  lumina  of  which  terminate  in  the  thick  outer  waU  in 
the  form  of  a  cone ;  beneath  the  epidermis  there  are  two,  or  in  the  middle 
of  the  nectary  three,  layers  of  ceUs,  exhibiting  greater  elongation  and  having 
thick  lateral  walk  which  are  yeUow  in  colour.  The  nectaries  found  in  Samadera 
have  not  yet  been  subjected  to  a  close  examination  ;  they  occur  in  large  numbers 
on  both  surfaces  of  the  leaf  in  Locandi  (Samadera)  mekongensis,  Pierre  and 
Samadera  indica,  Gaertn.,  whUe  in  other  species  of  the  genus  two  of  them  are 
situated  on  the  midrib  on  the  lower  side  of  the  leaf. 

According  to  Jadin,  the  petiole  for  the  most  part  has  an  annular  fibrovascular 
system  which  frequently  (according  to  JacUn,  the  only  exceptions  are  Alvaradoa, 
aarrisonia,  Irvingia,  Klainedoxa,  Picramnia  and  Picrodendron  •)  encloses  one 


^  The  species  in  which  spicniar  cells  were  not  known  or  at  least  were  not  expressly  stated  to  be 
present  in  the  mesophyU  are  as  follows  :  Hannoa  Klaineana^  Pierre,  H,  undulata,  Planch. ;  HypH- 
andra  BidwilHi,  Hook.  f. ;  Mannia  africana,  Hook.  f. ;  Oltfyendea  Klaimafut,  Pierre,  0,  gabonensis^ 
Engl. ;  Quassia  africana,  Baill. ;  Simaba  angusHfolia,  Spmce,  S,  Cedron,  Planch.,  S,  Crustacea, 
Engl.,  S^Jhribunia,  St.  Hil.,  s/foeiida,  Poepp.,  S,  glanduUfera,  Gard.,  S,  insimis,  St  Hil.,  S.  obo- 
vata,  Engl.,  S.  orinocmsis,  H.  B.  K.,  S,  salubris,  Engl.,  S,  subcymosa,  St  Hil.,  S,  Warmittgiana, 
Engl. ;  Simaruba  Jhribunda,  St  Hil.,  S,  officinalis,  Macf.,  S,  Tulae,  Urb.  According  to  Van 
Ti^hem,  Jadin's  statement  as  to  the  occurrence  of  spicniar  cells  in  Irvingia  Baritri,  Hook.  f.  and 
/.  Oliveri,  Pierre  is  incorrect. 

*  The  only  point  of  disagreement  with  the  above  facts  is  the  earlier  statement  (see  p.  184, 
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or  more  medullary  bundles.  The  species  with  medullarjr  resin-canals  in 
the  axis  also  have  them  in  the  same  position  in  the  petiole.  The  fibro* 
vascular  system  is  commonly  accompanied  by  pericydic  hard  bast.  In  Soma* 
dera  (4  species)  a  characteristic  feature  is  the  occurrence  of  concentric  vascular 
bundles,  with  central  phloem  and  peripheral  xylem,  at  the  margin  of  the  pith. 
AccorcUng  to  Van  Tieghem,  meduUary  vascular  bundles  are  wanting  in  all  the 
genera  of  the  Irvingieae^  but  in  the  upper  part  of  its  course  the  closed  vascular 
ring,  formed  by  the  fusion  of  seven  or  more  isolated  vascular  strands  derived 
from  the  axis,  has  two  inversely  orientated  bundles  situated  in  the  peri- 
cycle.  Lastly,  according  to  my  own  investigation,  the  petiole  of  Suriana  con- 
tains only  a  single  arc-shaped  vascular  bundle,  while  m  Rigiostachys  there  is 
an  annular  vascular  system,  which  may  be  eitber  closed  or  open. 

3.  Structure  of  the  Axis.  With  regard  to  the  structure  of  the 
wood  we  tnay  add  that  in  Irvingia  gabonensis,  Baill.  it  shows  alternating 
zones  of  wood-fibres  and  wood-parenchyma  (Lecomte,  see  also  Van  Tieghem), 
that  in  Irvingella  and  Klainedoxa  the  wood-parenchyma  is  rather  abundant 
(Van  Tieghem),  and  that  septate  wood-prosenchyma  occurs  also  in  Rigiostachys. 

According  to  Jadin,  the  species  investigated  by  him  also  for  the  most  part 
show  isolated  groups  of  bast-nbres  in  the  pericycle.  Jadin  distinctly  mentions 
the  occurrence  of  a  more  or  less  continuous  and  composite  rin^  of  sclerenchyma 
in  the  following  additional  species  :  Castda  depressa^  Turp.,  Ptcramnia  venicosa^ 
TuL,  2jid  Samadera  Harmandii,  Pierre ;  according  to  Van  Tieghem,  a  composite 
and  continuous  ring  of  sclerenchyma,  distinguished  by  the  inclusion  of  U-shaped 
sclerosed  cells,  occurs  in  the  four  genera  of  the  Irvingieae.  In  the  leafless 
species,  Holacantha  Etnoryi,  A.  Gray,  hard  bast  appears  to  be  wanting  in  the 
pericycle ;  instead  there  are  subepidermal  groups  of  fibres  with  intermediate 
assiimlatory  tissue  of  the  nature  of  palisade.  The  pericycle  of  Rigiostachys 
C(mtains  a  composite  and  continuous  ring  of  sclerenchyma,  which  splits  open 
in  the  course  of  the  subseouent  secondary  growth.  Hoarding  the  pericycle 
of  AilatUhus  glandulosa  and  Simaruba  amara,  see  also  Pitard,  loc.  cit. 

As  a  rule  the  cork  arises  subepidermally ;  this  is  the  case  in  all  the  genera 
investigated  by  Jadin  with  the  exception  of  Suriana,  Amaroria  and  Somamea, 
in  the  genera  of  the  Irvingieae  (according  to  Van  Tieghem)  and  in  Rigiostachys. 
In  Suriana  the  cork  develops  in  the  inner  part  of  the  primary  cortex ;  in 
Amaroria  and  Soulamea  its  place  of  origin  has  not  yet  been  determined.  Cork- 
cells  with  one-sided  or  U-shaped  thickening  (affecting  the  inner  tangential  walls) 
occur  in  Irvingia  and  have  also  been  observed  in  the  Asiatic  species  of  Irvingella 
and  in  Klainedoxa  Trillesii,  Pierre  (Van  Tieghem). 

The  primary  cortex  occasionally  contains  ordinary  stone-cells,  which  in 
Castda  and  Samadera  are  thickened  in  the  form  of  a  horse-shoe.  In  the  genera 
of  the  Irvingieae,  according  to  Van  Tieghem,  there  are  two  layers  of  what  he 
calls  '  cristarque  '-ceUs,  i.  e.  cells  which  mostly  exhibit  U-shaped  thickening, 
and  each  of  which  includes  a  soUtaiy  crystal,  or  rarely  {Irvingia)  a  clustered 
crystal ;  one  of  these  layers  is  subepidermal  in  position,  the  other  is  endodermal. 
These  '  cristarque  '-cells,  it  may  be  added,  are  also  present  in  the  petiolar  tissue. 
Development  of  secondary  hard  bast  is  very  common,  although  rare  amongst 
the  Irvingieae.  Van  Tieghem  found  stone-cells  in  the  secondary  bast  in 
species  of  Desbordesia  and  Klainedoxa. 

The  structure  of  the  pith  in  Harrisonia  requires  special  mention.  The 
medullary  tissue  is  heterogeneous,  small  thick-walled  cells  being  distributed 
in  a  reticulate  manner  amongst  larger  cells  with  thin  walls. 


foot-note)  as  to  the  absence  of  medallaiy  bundles  in  Brucea ;  Jadin  did  not  inrestigate  the  petioles 
of  Briifuilia,  Castila,  Dictyolcma  and  Picraena,  in  which  medullary  bandies  have  likewise  been 
prerionsly  recorded  as  absent 
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In  amplification  of  the  earlier  statements  regarding  the  occurrence  of 
medullary  resin-canals  in  the  Simarubaceae  the  following  details  may  be 
quoted  from  Jadin's  work. 

Resin-canals  are  found  in  the  following  additional  species :  Ailanthus  caly* 
etna,  Pierre,  A.  excelsa,  Roxb.,  A.  Fauveliana^  Pierre,  A.  imbefbifolia^  F.  v.  M., 
A.  tnalabarica,  DC. ;  Brucea  paniculataf  Lam.,  B.  sumatrana^  Roxb. ;  Bury  coma 
hmgifoliumt  Jack  (in  opposition  to  Syst,  Anat.  p.  187) ;  Hannoa  Klaineana,  Pierre, 
H.  undulata^'PlaaictL  ;  uldyendea  gawmensis,  Pierre,  O.  Klaineana,  Pierre  ;  Picrasma 
ailanthaides.  Planch.,  P.  javanica^  BL,  P.  nepalensis,  Benn,  P.  quassioideSy  Benn., 
P.  Twesdiiy  Planch. ;  Simaha  an^Hfolia,  Spruce,  5.  floribunda,  St.  HiL,  5.  glan* 
dmliferay  Gardn.,  S.  insignis,  St.  Hil.,  S.  obovata,  Engl.,  S.  orinocensisy  H.  B.  K., 
S.  subcymosa,  St.  HiL,  S.  suffruticosay  Engl,  (contrary  to  Syst.  Anat.,  loc.  cit.) ; 
Soulamea  amaray  Lam.,  5.  elegans,  VieilL,  5.  Mulleriy  Brongn.  et  Gris,  5.  Pancheri, 
Bcongn.  et  Oris,  5.  tomentosay  Brongn.  et  Oris,  5.  trifoliatay  BailL  On  the  other 
hand,  Jadin  did  not  meet  with  resin-<:anals  in  the  generdi  Alvaradoa,  Cadelliay  CastelOy 
Harhsoniay  Holacanthay  HypHandray  Irvingiay  Kirkiay  Klainedoxay  Manniay  Picram- 
nia,  Picrella,  Picrodendrony  Quassia,  Samaderay  Surianay  and  also  not  in  Rigiostachys 
and  Guilfoylia.  As  a  general  rule  the  presence  of  medullary  resin-canals  is  a 
generic  character.  The  sole  exception  has  proved  to  be  Simabay  since  some  of  the 
species  of  this  genus  have  no  medullary  resin-canals  (see  Syst.  Anat.  p.  187 ; 
according  to  Jadin,  this  is  also  the  case  in  5.  crustaceay  Engl.,  5.  foetiday  Poepp. 
and  5.  salubriSy  Engl.). 

Resin-cells  have  been  recorded  by  Jadin,  Gu6-in  and  Van  Tieghem  in  the 
following  additional  cases  : — ^in  the  mesophyll,  in  Ailanthus  calycina,  A.Fauve- 
liana^  A,  imberhifolia  and  A.  tnalabarica ;  in  the  primary  cortex  and  in  the 
leaf,  in  ChamaeUa  pulverulenta  ;  in  the  primary  cortex,  in  Harrisonia  Brownei^ 
Juss.,  Irvingia  Duparqueli^  V.  T.,  J.  gaoonensis^  Baill.  and  /.  tenuifolia,  Hook, 
f . ;  accompan3^ng  the  pericycle  in  the  axis  and  the  vascular  bundles  of  the 
veins  in  the  leaf,  in  uldyendea  Klaineanay  Pierre.  In  the  genera  Irvingia^ 
Klainedoxa  and  Picrodendron  (according  to  Jadin)  mucilage-cells  are  found 
in  the  primary  cortex  of  the  axis  and  in  the  ground-tissue  of  the  petiole,  while 
mucilage-lacunae  are  present  in  the  pith  of  the  axis.  Mucilage-spaces,  similar 
to  those  of  Irvingia,  occur  also  in  Perriera  (according  to  Gudrin),  being  situated 
in  the  axis,  in  the  rachis  of  the  leaf,  in  the  petiole,  and  in  the  larger  veins  of 
the  leaf.  The  genera  Desbordesiay  Irvingella,  Irvingia  and  Klainedoxa  (accord- 
ing to  Van  Tieghem)  have  mucilage-cells  which  either  are  isolated  or  form 
groups  and  are  foimd  in  the  primary  cortex,  and  in  some  cases  in  the  pith  as 
well. 

For  the  structure  of  the  spiny  aerial  roots  of  Klainedoxa  spinosa,  V.  T.,  see 
Van  Tieghem,  1905,  loc.  dt. 

Appendix:  Koeberlinia. 

A  connected  account  of  the  anatomy  of  the  genus  Koeberlinia  may  be  given 
at  this  point  apart  from  the  general  description  of  ti^e  Simarubaceae.  The  affinities 
of  the  genus  are  not  yet  quite  dear,  but  it  is  regarded  by  Engler  and  Van  Tieghem 
as  constituting  an  independent  Order  (Koeberhniaceae).  Tne  only  spedes  of  the 
genus,  Koeberlinia  spinosay  Zucc.  is  a  leafless  and  spiny  shrub ;  from  an  anatomical 
fkoint  of  view,  it  is  spedaUy  characterized  by  the  possession  of  secretory  canals 
situated  in  the  bast,  the  composite  and  continuous  ring  of  sclerenchyma  in  the 
pericyde,  the  pericyclic  cork-devdopment,  the  simple  perforations  in  the  vessels 
and  vne  wood-nbres  which  have  thick  walls  and  sUt-shaped  pits  with  a  smaU  border. 

The  vascular  bundles  of  the  a3ds  are  separated  by  rather  broad  meduUary  rays, 
the  outer  ends  of  which  are  enlarged  in  the  form  of  a  wedge  between  the  bast-por- 
tions. Opposite  the  bast-portions  the  pericycle  contains  massive  bundles  of  hard 
bast,  which  are  joined  to  lonn.  a  continuous  strengthening  ring  by  means  of  stone 
cells.  The  bast-portions  exhibit  a  pecuUar  stratmcation  into  darker  zones,  com- 
posed of  parenchyma  and  lighter  zones,  consisting  of  compressed  sieve-tubes. 
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The  secretoiy  canals  originate  in  the  parenchymatous  zones,  and  either  lie  singly 
or  several  of  them  are  placed  side  by  side ;  in  the  former  case  they  take  up  thie 
whole  breadth  of  the  band  of  parenchjrma.  In  later  stages  sclerosed  cells  are  found 
in  the  bast  and  in  the  medullary  rays  of  the  bast ;  similar  cells  occur  also  in  the 
primary  cortex.  The  cork  develops  in  the  pericycHc  parenchyma  on  the  inner  side  ci 
the  strengthening  ring  and  consists  of  cell8»  the  outer  tan^[ential  walls  of  which  are 
strongly  thickened.  Phelloderm  is  present,  its  cells  having  lignified  walls.  The 
epidermis  consists  of  cells  exhibiting  palisade-like  elongation  and  having  all  their* 
walls  thickened,  especially  the  outer  ones.  In  the  absence  of  leaves  the  outer 
part  of  the  primary  cortex  is  differentiated  as  a  palisade-tissue  of  several  layers,, 
while  the  inner  part  consists  of  isodiametric  cells.  The  only  kind  of  trichomes 
yet  observed  are  unicellular  conical  clothing  hairs  with  thick  walls.  ^  Oxalate  of 
Ume  is  found  in  the  pith  in  the  ifxtn  of  sohtsuy  crystals. 

Literature:  Vignoli,  Cay-Cay  {Irvingia  0/iveri),  Thkw6,  Montpellier,  1886,  pp.  29-52  and 
pi.  i-ii.— Leblois,  Thylles  d.  can.  s^cr^t,  Ball.  Soc.  bot  de  France,  1887,  p.  184.— Jadin,  Oig. 
whrttf  Thte,  Montpellier,  1888,  p.  52  et  seq. — Barber,  Coiky  exoesc^  Ann.  of  Bot,  vi,  1892, 
p.  165. — ^Piene,  Flore  forest,  de  la  Cochindune,  xvii,  1802,  and  xix,  i8^3.~-Clandei,  Qmassia 
afrkana  etc.,  Thbe,  Montpellier,  1894,  p.  11  et  seq. — Engler,  Koeberliniaceae,  in  NattirL  Pflansenfam., 
ill  Tell,  Abt  6,  i8^k,  pp.  320,  321.— -Comn,  Qmassia  africatta,  BulL  Soc  bot.  de  France^  1896, 
p.  523  et  seq. — [Hills,  HoU  von  Picraena  n.  Quassia^  Jonm.  of  Pbarm.,  1897.] — ^Boergesen  og 
Panlsen,  Vc^t  dansk.-vestind.  Oer,  Bot  Tidsskrift,  xxii,  1898-9,  pp.  94, 95  (jCastila  encia^  Tnrp.). 
— Macchiati,  Uffic  dei  peli  dell'  antodanino  e  del  nettarii  estranoz.  deir  AiUmthms  glandulisay 
Ball.  Soc  bot  Ital.,  1899,  pp.  103-12. — Van  Tieghem,  Cn^racto,  Ann.  sc  nat,  s^r.  8,  t  ix,  1899, 
pp.  3<^3-9 ;  see  also  Bail.  Mas.  dliist.  nat.,  1898,  p.  241  et  set}. — Gamper,  Angostorarinden,  Diss^ 
Zurich,  1900,  p.  64. — Van  Ti^hem,  Stachyoracto  et  Koeberliniacto,  Joom.  de  Bot.,  1900,  pp.  7-13. 
— ^Jadin,  Contribut.  ^  I'^tude  aes  Simamb.,  Ann.  sc.  nat,  s^.  8,  t  ziii,  1901,  pp.  aoi-304. — Pitaid, 
P&cyde,  Thte,  Bordeaux,  1901,  pp.  80, 81.— Van  der  Marck,  Samadera  maUa,  Archiv  d.  Pharm., 
239,  1901,  pp.  96-101. — ^Jadin,  Clarification  des  Simamb.,  bas^  sur  les  caract  anat.,  C.  R.  Assoc 
finin9.  Ajaccio,  2*  paitie,  1902,  pp.  477-81. — [Annari,  PiaiUe  della  reg.  medit,  Ann.  di  Bot.,  i,  1903, 
p.  17  et  seq.  (C#M0rMM).}--Lecomte,  Qu.  bois  da  Con^,  Bull.  Mus.  dliist  nat,  1903,  p.  89. — 
Tuzson,  Spiral.  Struktur  d.  Zellwande  in  den  Mailutr.,  Ber.  dentsch.  bot  Gesellsck.,  1903,  p.  276. — 
Achner,  Falsche  Chinarinden,  Diss.,  Bern,  1904,  p.  63. — [Bessey,  Chimney-shaped  stomata  of 
HoUuantha^  BulL  Torrey  Bot  Club,  xxxi,  1904,  pp.  523-9  and  pi.  24.}— Col,  Faisceanx,  Ann.  sc. 
nat,  s^r.  8,  t.  xx,  1904,  p.  109. — Courchet,  Kirandro,  Bull.  Soc.  bot  de  France,  1905,  p.  284. — 
Solereder,  Syst  SteUnng  der  Gatt.  RigiosUuhys^  Verb,  bot  Ver.  Mark  Brandenborg,  1905,  p.  41 
et  seq. — ^Van  Tieghem,  Irvingiac^  Ann.  sc.  nat,  s^.  9,  t.  i,  1905,  pp.  247-320  {JrvmgiOy  from" 
gtlUy  Dtsbcrdesia^  Klainedaxa\ — Picdoli,  L^nami,  Bull.  Siena,  1906,  p.  i73.---[Van  Tieghem, 
Agialidacto,  AniL  sc.  nat,  s^.  9,  t.  iv,  1906,  pp.  232-60.] — [Van  Tieghem,  Ailante  et  Poog^le, 
Ann.  sc.  nat,  s^r.  9,  t  iv,  1906,  pp.  272--80.] 


OCHNACEAE  (pp.  188-190). 

In  the  course  of  the  last  few  years  the  Ochnaceae  (sensu  Bentham  and  Hooker) 
have  formed  the  subject  of  detailed  systematic,  morphological  and  anatomical 
studies  by  Van  Tieghem  \  On  the  basis  of  his  investigations  van  Tieghem  regards 
the  genera  Ochna^  OuraUa^  Brackenrideea  and  Elvasia  (belonging  to  the  Ochneae) 
as  constituting  an  independent  Order,  the  Ochnaceae  (with  no  less  than  57  genera)  ; 
Tetramerista  (see  Syst.  Anat.,  p.  189)  is  excluded,  while  the  four  genera  above  named 
are  split  up  into  a  number  of  others.  In  the  same  way  the  genera  of  the  Luxem- 
burgieae  with  the  exclusion  of  Wailacea  and  the  addition  of  seven  other  genera 
are  established  as  a  separate  Order,  the  Luxembur^iaceae.  In  the  following  descrip- 
tion, in  which  Van  Tieghem's  system  of  classification  is  adop»ted,  we  shall  deal  with 
the  anatomical  characters  presented  by  leaf  and  axis*,  first  in  fhe  Ochnaceae  sens« 
str.,  then  in  the  Luxembur^aceae,  and  lastly  in  Wailacea  (Order :  Wallaceaceae, 
V.  T.),  as  well  as  in  EtUhemts  (formerly  Tribe  Euthemideae,  Order  Euthemidaceae, 
V.  T.). 


^  I  merely  adopt  Van  Ti^hem's  nomenclature  of  the  genera  and  species  in  the  above  description 
as  a  matter  of  oonTenience.  For  a  criticism  of  his  systematic  theones  see  Gllg,  Beitr.  s.  Kenntnis 
d.  Odmaceen,  Festschrift  fUr  Ascherson,  Leipzig,  1904,  p.  97  et  seq. 

'  At  far  as  the  stmcture  of  the  wood  is  concerned  there  is  nothing  to  add  to  the  older  statements 
(Syst  Anat,  p.  189),  since  Van  Ti^hem  devoted  vay  little  attention  to  it 


Digitized  by 


Google 


ADDENDA— OChNACEAE  863 


I.   OCHNACEAE,  VaN  TiEGHEM. 

1.  Anatomical  Features.  Two  features  are  primarily  characteristic 
of  the  whole  taxonomic  group,  viz.  (a)  the  presence  in  the  branches,  petioles, 
median  and  lateral  veins  of  a  layer  of  cells  ('  cristairque '),  which  is  normally 
situated  in  the  second  layer  beneath  the  epidermis  and  is  composed  of  cells 
with  U-shaped  thickening,  each  of  which  encloses  a  clustered  crystal ;  and 
(6)  the  occurrence  of  cortical  vascular  bundles.  The  cork  invariably  develops 
superficially,  viz.  in  the  epidermis  or  in  the  first  layer  of  cells  of  the  primary 
cortex.  A  hairy  covering  is  rarely  present,  and  then  consists  exclusively  of 
uni-  or  multicellular  clothing  hairs.  Oxalate  of  lime  is  mostly  deposited 
in  the  form  of  clustered  crystals. 

The  anatomy  of  the  genera  Elvasia^  Vaselia^  Trichovaselia  and  Hostmannia, 
which  Van  Tieghem  groups  together  as  the  Elvasioideae,  differs  from  that  of 
the  remaining  members  of  the  Order  (Ochnoideae)  in  the  occurrence  on  the 
upper  side  of  the  leaf  of  a  hypoderm,  composed  of  fibrous  cdls  which  show 
a  transverse  arrangement,  and  in  the  presence  in  the  pith  of  the  petiole  of  an 
arc  of  wood  and  bast,  showing  normal  orientation  (with  the  wood  on  the  upper 
side).  In  certain  cases  the  leaf  contains  gelatinized  or  papillose  epidermal  cells 
or  spicular  fibres,  while  in  some  of  the  species  of  TrichouraUa  the  stomata  are 
placed  in  pits. 

2.  Structure  of  the  Axis.  In  view  of  the  systematic  importance  of 
the  layer  of  cells,  termed  the  *  cristarque,'  the  structure  of  the  axis  may  in 
this  case  be  considered  before  that  of  the  leaf.  The  *  cristarque  * '  constitutes 
the  second  layer  of  the  primary  cortex,  and  is  composed  of  lignified  cells, 
with  U-shaped  thickening  (on  the  inner  tangential  and  radial  walls)  and 
each  enclosmg  a  clustered  crystal  of  oxalate  of  lime ;  the  latter  sometimes 
shows  a  sUght  sphaerocrystalline  structure.  The  '  cristarque '  is  not  quite  con- 
tinuous, being  interrupted  by  thin-walled  passage-cells,  which  in  general 
correspond  in  position  with  the  stomata  in  the  epidermis.  Very  considerable 
diversity  is  shown  in  the  mode  of  differentiation  and  in  the  position  of  the 
'  cristarque '  in  the  individual  genera  and  within  the  hmits  of  one  and  the 
same  genus,  often  varying,  in  fact,  from  species  to  species ;  these  differences 
are  of  S3^tematic  importance.  The  number  of  thin-walled  cells  may  be  small 
or  large ;  as  a  consequence,  we  get  all  transitions  between  an  almost  continuous 
'  cristarque '  and  a  zone,  composed  only  of  a  small  number  of  '  cristarque  '-cells 
In  certain  species  (e.  g.  of  Ouratea,  Campylospermum,  Campylocercum,  Cer- 
canihemum^  Cercinia,  &c.)  the  '  cristarque '  is  apparently  not  situated  in  the 
second  cell-layer  of  the  primary  cortex,  since  it  is  separated  from  the  epidermis 
by  more  than  one  (2,  3  or  4)  layer  of  cells ;  but  an  investigation  of  the  course 
of  development  in  these  cases  shows  that  the  subepidermal  layer  has  imder- 
gone  subsequent  division  into  2-4  layers  of  cells,  so  that  the  '  cristarque ' 
nevertheless  belongs  to  the  second  cortical  layer.  The  thin-walled  cells  found 
in  the  discontinuous  '  cristarque '  undergo  subsequent  sclerosis  in  many  species, 
the  cells  being  affected  equally  on  all  sides.  In  certain  species  the '  cristarque  '- 
sheath  is  further  strengthened  by  uniform  sclerosis  of  the  cells  of  one  or  more 
layers  of  the  primary  cortex ;  these  are  either  situated  on  the  inner  side  of 
the  '  cristarque,'  or  beneath  the  epidermis  (including  the  layers  of  cells  produced 
by  the  division  of  the  subepidermal  layer),  or  in  both  these  regions.  Only 
in  very  rare  cases  (Dii>hyUantkus  DuparcfueUani^s^  V.  T.)  do  the  cells  of  the 
(here  well-developed)    cristarque  *  contam  prismatic  crystals  in  place  of  the 


'  In  the  ihixomes  and  roots  which  haire  been  exunined,  the  layer  of  cells  known  as  *  pristarqne ' 
is  completely  absent 
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clustered  crystals.  As  regards  the  remaining  characters  of  the  primary  cortex 
we  may  notice  that  it  frequently  contains  clustered  crystals  and  sclerosed  cells, 
in  some  cases  also  prismatic  crystals  (species  of  Campylospermum^  Spongo- 
pyrena,  Diporidium^  Monoporidium^  Parochna)  or  cells  in  which  the  structure 
of  the  wall  is  similar  to  that  of  the  '  cristarque  '-cells  (species  of  Cercinia, 
OchnMa,  Vasdia  ;  in  the  last  two  genera  occupied  by  prismatic  crystals)  or 
unequally  thickened  cells  containing  prismatic  crystals  (Tnchovasdia).  The 
endodermis  is  as  a  rule  not  distinctly  differentiated ;  it  is  only  in  a  few  species 
that  it  includes  '  cristarque  '-cells  with  clustered  crystals ;  in  these  cases 
there  is  a  secondary  endodermal  *  cristarque/  which  is  however  only  rarely  well- 
developed.  The  above-mentioned  cortical  vascular  bundles  owe  their  origin 
to  the  fact  that  of  the  three  bundles,  passing  out  from  the  stem  into  the  leaf 
situated  immediately  above,  the  two  laterals  in  most  cases  depart  from  the 
vascular  ring  of  the  axis  some  considerable  distance  below  the  node  (in  Dipon- 
dium  alone  do  they  arise  only  in  the  uppermost  part  of  the  intemode) ;  as 
a  consequence  no  cortical  vascular  bundles  are  present  in  the  lower  part  of 
the  intemode.  In  most  cases  there  are  two  of  these  cortical  bundles,  but 
occasionally  (CampUmraiea)  a  larger  number  is  found  in  the  uppermost  portion 
of  the  intemode  owing  to  branching.  The  bundles  are  accompanied  by  groups 
of  bast-fibres*  In  most  members  of  the  Order  the  pericycle  is  formed  by  isolated 
groups  of  bast-fibres,  but  occasionally  an  almost  or  completely  continuous 
and  composite  ring  of  sclerenchyma  is  developed  (e.  g.  in  species  of  Trtchou- 
ratea,  Dasouratea^  Cercouratea,  Microuratea^  Gymnouraldla^  Campylospermum, 
DiphyUanthus^  Mondasmum,  Ochndla)  by  sclerosis  of  the  cells  situated  between 
the  groups  of  bast-fibres.  The  secondary  bast  sometimes  contains  clustered 
crystals,  but  rarely  {Diporidium  purpureum^  V.  T.,  Porochna  Autunesii,  V.  T.) 
prismatic  crystals  ;  sclerosed  ceUs  *  may  also  be  present ;  fibres  (Diporidium 
pufpureum^  Hostmannia)  or  imequally  sclerosed  cells  containing  prismatic 
crystals  (Elvasia^  Trichovasdia)  are  vctv  rare.  The  mode  of  devdopment  of 
the  cotIl,  whether  epidermal  or  subepidermal,  is  on  the  whole  only  a  specific 
character.  The  walls  of  the  cork-cells  are  either  thin,  or  the  tangential  walls 
are  sclerosed.  Phelloderm  may  or  may  not  be  present.  It  has  either  thin  walls 
or  some  or  all  of  its  cells  erfiibit  U-shaped  thickening ;  complete  sclerosis 
of  the  cells  is  rare ;  in  a  few  cases  (species  of  Porochna  and  Diporochna)  the 
ceUs  of  the  phelloderm  contain  small  prismatic  cr3^tals. 

Epidermal  cork-development  has  been  recorded  in :  Campiouraiea  pro  parte, 
Stenouratea,  Notouratea,  Pticouratea  pro  parte,  Ancouratea  pro  parte,  Diouratea^ 
TrichouraUa  (almost  alwajrs),  Pilouratea,  Vasouratea,  OuraUa  pro  parte,  Isouratea, 
PofyouraUa,  Tetrouratea^  Cercouratea  pro  parte,  Microuratea  pro  parte,  Setouratea, 
Ouraidla^  Gymnouratdlay  Bisetaria,  Camfyloshermum  pro  parte,  Campylocercum 

Sro  parte,  Cercanthemum  pro  parte,  Diphyliopodium,  Spongofyrena,  Rhabdopkyllum, 
iondasmum  po  parte,  Exomicrum  pro  parte,  Ochndla  pro  parte,  Pafyochndla 
pro  parte,  Dtsdaaium,  Diporidium  pro  parte,  Monoportdium^  Pdythecium  pro 
parte,  Heteropodium,  Ochna,  Diporochna,  Pleuroridgea,  CampylochneUa,  Vasdia  i 
subepidermal  cork-development  is  found  in :  Camptouratea  pro  parte,  Pticouratea 
pro  parte,  Ancouratea  pro  parte,  Trichouratea  foliosa,  V.  T.,  Hemiouratea,  Volken- 
sieinia,  Ouratea  pro  parte,  Cercouratea  pro  parte,  Microuratea  pro  parte,  Campylo- 
sp&rmum  pro  parte,  Campylocercum  pro  parte,  Cercanthemum  pro  parte,  Cercinia, 
Notocampylum,  Diphyllanthus,]  Mondasmum  pro  parte,  Exomicrum  pro  parte, 
OchneUa  pro  parte,  PolyochneUa  oto  parte,  Diporidium  pro  parte,  Polythecium  pro 
parte,  Px>rochna,  Brackenridgea,  Elvasia,  Trichovasdia,  Hostmannia. 

The  pith  becomes  lignified  at  an  early  stage.  In  addition  to  clustered 
crystals  the  pith  in  many  species  includes  ceUs  which  are  sclerosed  on  all  sides  ; 


'  Van  Tie^em  4oe8  not  describe  the  detailed  strnctnre  of  the  icletOMd  odls  in  the  bast; 
regarding  this  point,  see  Syst  Anat,  p.  189. 
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in  NohuraUa  undaia,  V.  T.  occasional  cells  exhibit  thickening  of  the  wall 
similar  to  that  found  in  the  '  cristarcme  '-cells. 

3.  Structure  of  the  Leaf.  Three  vascular  bundles  pass  out  into,  the 
leaf  or  petiole  as  the  case  may  be  ;  the  median  bundle  of  the  three  branches 
off  from  the  vascular  ring  of  the  axis  at  the  node,  while  the  two  lateral  strands 
traverse  the  upper  portion  of  the  intemode  as  cortical  bundles  ;  eadh  of  the  two 
lateral  strands  gives  off  a  small  branch  which  supplies  the  stipules  or  the  %ule. 
The  vascular  bundles  on  entering  the  petiole  soon  unite  to  form  a  rin^  of  woo<l 
and  bast,  which  is  in  most  cases  completely  closed  (except  in  Mtcrouratea 
cassinifolia,  V.  T.)  and  has  a  central  pith ;  the  lower  surface  of  this  annular 
system  is  convex,  while  the  upper  is  concave  or  flat ;  bundles  of  fibres,  which 
are  mostly  distinct  from  one  another,  accompany  the  bast  on  its  outer  side. 
The  Elvasoideae  are  specially  distinguished  from  the  Ochnoideae  by  the  fact  that 
the  pith  of  the  petiole  contains  an  arc  of  wood  and  bast,  comprising  several 
vasoilar  bundles,  which  exhibit  normal  orientation,  the  wood  being  placed 
on  the  upper  side.  Medullary  bundles,  it  is  true,  are  exceptionally  present  also 
in  two  members  of  the  Ck:hnoideae  (Campylospermum  angukUum,  V.  T.  and 
NokKampylum  Mannii,  V.  T.),  but  the  bundles  in  these  cases  show  inverse 
orientation,  the  wood  being  on  the  lower,  the  bast  on  the  upper  side.  In  this 
connexion  we  may  notice  that  the  pith  contains  a  transverse  band  of  fibres 
in  TrichouraUa  Gardneri^  V.  T.,  two  bands  of  fibres  in  species  of  SfongoPyretM, 
and  elements  resembling  '  cristarque  '-cells  in  species  of  RhabdoptiyUum,  Poly" 
tkecium  and  Diporochna.  In  Campylospermum  nigrinerve^  V.  T.,  five  cortical 
vascular  bundles,  which  are  united  to  form  an  arc,  are  foimd  on  the  outer  and 
lower  side  of  the  vascular  ring.  The  '  cristarque '  (and  we  may  deal  first  with 
the  outer  one,  which  is  situat^  in  the  second  cell-la^rer  beneath  the  epidermis) 
is  generally  present  also  in  the  petiole,  and  then  exhibits  the  same  momfications 
as  m  the  branch.  It  is  more  or  less  typically  differentiated.  Only  in  rare  cases 
is  there  merely  a  single  layer  of  cells  between  it  and  the  epidermis  ;  as  a  rule 
there  are  2, 3,  4  or  even  6-8  intervening  layers  of  thin-walied  cells,  which  have 
been  formed  by  subsequent  division  of  the  subepidermal  layer.  The  outer 
'cristarque'  is  rarely  absent  (e.g.  in  species  of  Camptouraiea^  TdrouraUa 
and  Campylospermum) ;  still  more  rarely  {DiphyUatUhus)  do  the  '  cristarque  '- 
cells  contain  prismatic  in  place  of  clustered  crystals.  In  some  of  the  species 
there  is,  as  in  the  branch,  an  inner  (endodermal)  'cristarque'  in  addition  to 
the  outer  one,  this  inner '  cristanjue '  varying  in  the  extent  of  its  development. 
Lastly,  elements  resembling  'cristarque  -cells  are  occasionally  found  also  in 
the  cortical  tissue  ^species  cnOuratea^  Rhabdophyllum^  Polythecium^  Diporochna, 
Brackenridgea^  Trtcnovaselia) ;  in  other  cases  the  cortex  contains  cells  which 
are  sclerosed  on  all  sides. 

Reg[arding  the  structure  of  the  lamina  of  the  leaf  the  following  facts  may 
be  mentioned.  In  most  of  the  species  the  leaf  is  bifacial  in  structure,  the  pah- 
sade-tissue  consisting  of  a  single  layer  of  cells.  Centric  structure  with  palisade- 
tissue  on  both  sides  of  the  leaf  is  found  only  in  Pilouratea  ovalis,  V.  T.  and 
Dasouratea  Hassleriana,  V.  T. ;  in  certain  species  of  Cercouraiea  and  DiphyUo- 
podium  the  palisade-tissue  is  not  typically  differentiated.  In  many  species ' 
a  varying  numb^  of  the  epidermal  cells  of  the  leaf  have  mucilaginous  inner 
memlnranes,  these  cells  sometimes  penetrating  deeply  into  the  mesophyll. 
Ouratea  guianensis,  Aubl.,  0.  rubescens^  V.  T.  and  Cercouraiea  Magdaknae^  V.  T. 


^  viz.  species  of  Camptottraiea,  StenouraUa^  Notouratea^  PUcourattay  Anc^uraUOy  TrUhmraiMy 
Vilitmraiea,  HimUuratMy  Ouratea^  Polyouratea,  TetrouroUay  CercouraUOy  Afur^ttraisoy  Sdauratetiy 
Ouraiettay  Gymnouratella^  Campyhspermumy  Campylocgnnm,  Circanihimumy  Cerciniay  Spof^^ 
"     '  ^'     Ua,P0lyockniila,D:   '  ~ «... 


f,  Afcm/asma,  Ochneiia,  Poiyockmilay  Discitumtm,  DiUndmm^  Monoporidium,  P^lfthecium^ 
kkna,  Diporochna,  Brockiuridgea^  Pleuroridgea,  Campytochmlla. 
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are  distinguished  by  possessing  sclerosed  epidermal  cells,  the  inner  ends  of  which 
are  narrowed  in  the  torm  of  a  cone  and  penetrate  into  the  palisade-tissue.  The 
epidermal  cells  of  Notouraiea  inundata^  V.  T.  have  lignined  thickening  bands 
<Hi  their  lateral  walls.  Formation  of  papillae  has  been  recorded  in  Notomatea 
inundaia,  V.  T.  (knob-shaped  cuticular  papillae  on  the  lower  side  of  the  leaf ), 
Trichauraiea  foliosa^  V.  T.  (on  the  upper  side),  Difhyllopodium  Klainei,  V.  T. 
and  Exomicrum  cariaceum,  V.  T.  (on  the  lower  side).  Not  uncommonly  the 
walls  of  the  epidermal  cells  are  completely  or  partially  lignified.  In  most  of 
the  species  the  stomata  are  confined  to  the  lower  surface  of  the  leaf.  But  in 
PUouratea  ovaUs,  V.  T.  and  Isouratea  humiliSp  V.  T.,  they  occur  on  both  sides, 
and  in  species  of  OuraUa,  Cercinia,  PolyochneUa,  Pleurandgca^  Campylochnella, 
Elvasia^  Vaselia^  TrickavaseUa  and  Hostmannia,  stomata  are  also  present  on 
the  upper  side,  though  only  on  and  near  the  midrib  (in  CampylocknMa  they 
occupy  the  same  position  with  reference  to  the  lateral  veins  as  well).  Van 
Tieghem's  statement  as  to  the  absence  of  subsidiary  cells  is  not  (juite  in  agree- 
ment with  my  earlier  observations.  In  Trichouraiea  subvduiina^  V.  T.  the 
stomata  (also  those  on  the  axis)  are  found  in  special  pits  ('Spaltoff- 
nungskrypten ').  The  occurrence  of  a  hypoderm  onnposed  of  trans- 
versely placed  fibrous  cells,  and  situated  beneath  the  epidermis  of  the  leaf 
in  the  Elvasioideae,  has  already  been  referred  to  above.  Other  special  features, 
noticed  in  the  mesophyll,  are  as  follows : — ^lai^e  soUtary  crystals  {Ouraiea 
Leprieuri,  V.  T.) ;  '  cristarque  '-cells,  occasionally  forming  groups  (species  of 
Camptauratea,  Ouraiea^  Campylospermum,  Cercanthemum,  Rhabdophy^lum) ; 
sclerosed  isodiametric  ceUs  (Ouraiea  giganiophylla,  V.  T.) ;  and  lastly, 
spicular  fibres,  which  genenJly  branch  ofE  from  the  sclerench^ma  of  the  veins, 
run  vertically  through  the  mesophyll  or  traverse  it  in  all  directions,  and  in  most 
cases  ultimately  spread  out  li^neath  the  epidermis  (in  a  large  number  of 
species  ^).  The  vascular  system  of  the  lateral  veins  is  provid^  both  above 
and  below  with  a  group  of  sclerenchjmoatous  fibres,  and  is  separated  by  two 
layers  of  cells  from  the  epidermis.  The  inner  of  these  two  layers,  which 
may  be  regarded  as  equivalent  to  an  endodermis,  is  generally  constituted 
by  a  '  cristarque,'  contaioing  clustered  crystals,  and  must  be  considered  as 
a  omtinuation  of  the  outer  '  cristarque '  of  the  branch,  petiole  and  midrib. 
The  '  cristarque  '  of  the  lateral  veins  is  developed  either  on  both  the  upper  and 
lower  sides  of  the  vascular  system,  or  (very  commonly)  only  on  the  upper 
side ;  but  in  a  few  cases  (viz.  in  the  Elvasioideae,  in  wtuch  palisade-tissue  is 
met  with  also  in  the  lateral  veins)  it  is  confined  to  the  lower  side.  The 
*  cristarque '  is  very  seldom  imperfectly  developed.  Owing  to  sclerosis  of  the 
two  layers  of  cells  situated  between  the  bundles  of  fibres  and  the  epidermis,  the 
lateral  veins  in  many  species '  ultimately  become  vertically  transcurrenL    The 


»  Tix. :  Camptouratea  agrophylla,  V.  T.,  C.  ilicifolia,  V.  T.,  C.  spinulosa,  V.  T. ;  Plic&uraiga 
gramuiosa,  V.  T. ;  Ancouratea  htmiodorUOy  V.  T. ;  Diouratea  cordtosperma^  V.  T. ;  Trichouratea 
Blanchetiana,  V.  T.,  T,  cauUpila,  V.  T.,  T,Jloribunda,  V.  T.,  T,foliosa,  V.  T.,  T.  n^dula,  V.  T., 
T.  salicifolia,  V.  T. ;  DasouraUa  Hasskriana,  V.  T. ;  VoUUnsUinia  Theophrasta,  Ree. ;  OuraUm 
anguiatOt  V.  T.,  0,  casUmeifolU,  Eogl.,  0,  coccineat  Eogl.,  0.  crassifolia,  Kngi.,  O.  cuBeimSy  Urfo., 
O.  disHcha,  V.  T.,  O.  GloMiovU^  V.  T.,  0.  ketirodomta,  V.  T.,  0,  macrophyila,  V.  T.,  O,  panamua, 
V.  T.,  0.  Purdieana,  V.  T.,  0.  Rudeliana,  Engl.,  0.  rttpttmmiensis,  Engl.,  0.  Sprucetma,  EDgt ; 
Is$uratea  humilis,  V.  T.,  /.  spectabilis,  V.  T. ;  CtrcouraUa  curvata^  V.  T.,  C,  npiks,  V.  T.,  C  tw- 
ruculosa,  V.  T. ;  MicrouraUa  pygmoia^  V.  T. ;  Campylosptrmum  angulatum^  V.  T.,  C  Baroni^ 
V.  T.,  C,  Ckajbeluri^  V.  T.,  C.  demtdatum,  V.  T.,  C.  Bildebrandtii,  V.  T.,  C,  nigrinerve,  V.  T., 
C.  waUy  V.  T.,  C.  sculptum,  V.  T. ;  Ctrcanihemum  lanceolaium,  V.  T. ;  Notocampylum  Manmi, 
V.  T. ;  RhahdophyUum  calcphvllum,  V.  T.,  R,  pankulahim,  V.  T. ;  Monelasma  ZettAeri,  V.  T., 
Jli,  umbruola,  V.  T. ;  Pofythecium  madagascaritnUf  V.  T. ;  Brackmridgea  Ho§keri^  A.  Gray, 
B.  nitida,  A.  Gray,  B,  palmiris,  BaiteL 

.  *  viz.  species  of  the  genera :  CampUmraUay  Trickouratta^  Ouratea,  MicrouraUa  (in  almost  aU 
Ihe  sfMedes),  CampyUspermum,  Cer^antkemum^  Cercmia,  OckneUa,  Poiyocknelia,  Discladmm^ 
Diporidium,  Pciythecium^  Ochna,  Porochmu 
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stmcture  of  the  midrib  of  the  leaf,  at  least  in  its  lower  portion,  is  similar 
to  that  of  the  petiole  (see  above). 

A  hairy  covering  has  only  been  observed  in  a  few  genera  and  species,  and 
is  composed  exclusivdy  of  clothing  hairs.  These  are  unicellular  (TfichouraieOf 
Pilouraiea,  ViUouraUa  ?,  Dasouratea  ?,  Hemiouraiea^  Trichovasdia)  or  bicellular, 
anda  third  cell  often  occurs  in  the  latter  case  owing  to  the  division  of  the  lower 
cell  by  means  of  a  longitudinal  or  oblique  wall  (Diporochfia).  In  other  cases 
{Trichouraiea)  the  hairs  are  uniseriate  and  consist  of  a  larger  number  of  cells. 
The  unicellular  trichomes  vary  in  length ;  in  Trichouratea  they  are  sometimes 
united  in  bundles  of  two  or  tfiree. 

2*  LUXEMBURGIACEAE. 

1.  Review  of  the  Anatomical  Features.  The  Luxemburgiaceae,  like 
the  Ochnaceae,  are  characterized  by  the  possession  of  cortical  strands  (leaf- 
traces)  ;  cork-formation  likewise  takes  place  superficially  in  the  epidermal  or  sub- 
epidermal layer  of  cells.  The  pericycle  is  formed  by  isolated  groups  of  bast- 
fibres.  The  structure  of  the  leaf  is  bifacial  and  the  stomata  are  found  ex- 
clusively on  the  lower  side  of  the  leaf.  There  is  no  hairy  covering  (apart  from 
the  glandular  shaggy  hairs).  Oxalate  of  lime  is  deposited  in  the  form  of  clustered 
or  solitary  crystals. 

The  genera  of  the  Godoyeae  are  distinguished  by  the  presence  of  medullary 
bundles  in  the  branch  ;  these  are  composed  either  of  vessels  and  fibrous  cells 
<'  fibrovasculaires/  e.  g.  in  Godoya^  PlanckoneUa  and  Rididanthera)  or  of  a 
strand  of  soft  bast  and  fibrous  cells  (  fibrocribl^/  e.g.  in  Cespedesia  and  Four* 
fUeria).  Other  characters  distinctive  of  the  Godoyeae  are  the  stratification 
of  the  jdiloem  into  hard  and  soft  bast,  and  the  occurrence  of  characteristic 
^anduiar  shaggy  hairs  ('franges  s6cr6trices')  on  the  stipules  and  sepals. 
On  the  other  hand,  medullary  bundles  and  glandular  hairs  are  wanting  in  the 
two  other  subdivisions  of  the  Luxemburgiaceae,  viz.  the  Luxemburgieae 
(with  Luxemburgia^  PerMepharis,  Pledanihera,  Epiblepharis  and  HUairetta) 
and  the  Blastemantheae  (with  BlasUmatUkus  and  PoecUandra) ;  the  Blaste- 
mantheae  however,  like  the  Godoyeae,  have  a  stratified  bast,  while  in  the 
Luxemburgieae  there  is  no  hard  bast. 

Amon^  special  features  of  the  structure  of  the  leaf,  we  may  name  :  the 
gelatinization  of  the  epidermis  ;  the  occurrence  of  spicular  fibres  in  the  meso- 
phyll ;  the  development  of  an  endodermal  *  cristarque '  in  the  lateral  veins ; 
and  the  occurrence  of  vertically  transcurrent  lateral  veins. 

2.  Structure  OF  THE  Leaf.  The  leaf  is  bifacial  in  structure.  Epidermal 
cells  with  mucilaginous  inner  membranes  are  found  in  Luxemburgia,  EpibU- 
f  harts  and  HUaireUa.  The  stomata  are  confined  to  the  lower  side  of  the  leaf  ; 
m  Godoya  they  are  crowded  together  in  groups  in  the  narrow  meshes  formed 
l)y  the  network  of  veins.  SderenchjmMitous  fibres,  running  freely  in  the 
mesophylly  have  been  observed  in  the  genera  RtdidatUhera,  Cespedesia^ 
Foumieria  and  Blastemanthus ;  in  some  cases  (BlastemafUhus)  they  form  a 
'Continuous  layer  beneath  the  upper  epidermis.  The  lateral  veins  are  often 
vertically  transcurrent  by  means  of  sderenchyma  (Luxemburgia  pro  parte, 
PerMepharis^  Godoya^  PlanckoneUa^  RuUdantkera^  Blastemanthus,  PoecUandra). 
An  enaodermal  'cristarque'  containing  clustered  crystals  is  stated  to  occur 
in  species  of  Luxemburgia,  Plectanthera,  Epiblephans,  HUaireUa,  Cespedesia, 
Foumieria  and  BlastemarUhus,  whilst  PoecUandra  alone  has  a  '  cristarque' 
containing  solitary  crystals.  In  all  the  genera  except  PoecUandra  this  layer  is 
con&ied  to  the  upper  side  of  the  vascular  system,  while  in  PoecUandra  it  is 
present  on  both  sides.  The  vascular  bundles,  which  pass  out  into  the  lea^ 
unite  low  down  in  the  petiole  or  in  the  midrib  to  form  a  ring,  the  pericycle  of 
whidi  contains  fibrous  cells.    In  HUaireUa  the  pith  of  this  ring  of  bundles 
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contains  a  strand  of  bast  with  a  band  of  wood  on  either  side  of  it,  while  in 
Godaya,  PlanchoneUa,  RuUdantkera^  Cespedesia  and  Foumima  it  includes 
from  two  to  four  arcs  of  wood  and  bast  exhibiting  diverse  orientation  and 
3ituated  one  above  the  otber ;  in  Blastemanthus  one  or  two  vascular  bundles, 
and  in  PoecUandra  an  arc  of  normally  orientated  bundles,  are  found  in  the  pith. 

The  glandular  shaggy  hairs,  occurring  on  the  stipules  and  sepals  in  all  the 
Godoyeae,  are  2-5  mm.  m  length  and  are  distinguished  by  having  a  secretory 
palisade-like  epidermis.  Beneath  the  latter  lies  a  layer  of  ceUs  containing 
clustered  crystals,  and  within  this  a  vascular  bundle,  witii  an  enveloping  sheath 
of  fibres. 

3.  Structure  of  the  Axis.  The  pericycle  is  invariably  composed  of 
isolated  groups  of  bast-fibres.  The  cork  develops  in  the  epidermis  {Epible- 
pkaris,  HUaifdla^  Godoya,  Foumieria,  Blastemanihus)  or  in  the  subepidermal 
layer  of  cells  (Luxemburgia^  Peribldpharis,  PledatUhera^  PlanchoneUa^  Ruiv- 
danihera,  Cespedesia,  PoecUandra).  The  walls  of  the  cork-cells  are  either  thin 
^r  sclerosed ;  in  the  latter  case  they  may  be  sclerosed  equally  on  all  sides  or 
in  the  shape  of  a  U.  Phdloderm  may  or  may  not  be  developed ;  when  present 
it  is  sometimes  sclerosed.  The  primary  cortex  occasionally  contains  stone- 
cells  and  oxalate  of  lime  in  the  form  of  clustered  or  sohtary  crj^tals.  In 
Penblepharis  it  includes  isolated  fibrous  cells,  while  in  Godoya  the  inner  part 
of  the  primary  cortex  is  lacunar.  The  cortical  bundles,  which  are  accom- 
panied by  ^oups  of  sclerenchymatous  fibres,  vary  in  number;  there  are 
often  4-0 ;  in  Foumieria  scanaens,  V.  T.  there  are  16,  in  Blastemanihus  and 
PoecUandra  only  2.  The  presence  or  absence  of  secondary  hard  bast  has 
already  been  dealt  with  in  the  review  of  the  anatomical  features.  When  hard 
bast  is  present  the  appearance  of  a  transverse  section  through  the  phloem- 
groups,  and  the  intervening  medulkury  rays  with  their  expanded  outer  ends, 
quite  recalls  the  similar  features  seen  in  the  branch  of  the  lime. 

The  following  details  may  be  added  regarding  the  medullary  bundles 
found  in  the  Godoyeae.  In  Godoya,  PlanchoneUa  and  RuUdanthera  the  bundles 
are  made  up  of  ve^els  and  fibres.  In  the  two  genera  first  named  there  are  8-20 
(mostly  10)  of  these  bundles,  arranged  in  a  rin^,  while  in  RuUdanthera  the 
bundles  are  very  numerous  and  irregularly  distnbuted  through  the  whole. of 
the  pithy  except  m  its  central  portion.  Each  bundle  consists  of  a  group  of  fibrous 
cells  and  of  a  xylem-ray  comprising  a  row  of  spirally  thickened  and  pitted 
vessels,  which  usually  show  radial  arrangement ;  the  vessels  exhibit  a  pro- 
gressive increase  in  size  from  without  inwards,  and  are  developed  centripetally, 
exactly  as  in  the  case  of  the  xylem-rays  in  the  radial  bundle  of  a  root.  In 
Godoya  and  PlanchoneUa  the  xylem-ray  is  directed  outwards,  the  group  of 
fibrous  cells  being  placed  at  its  mner  end,  while  the  outer  end  and  the  lateral 
surfaces  of  the  xylem-ray  are  surrounded  by  a  layer  of  unlignified  tissue 
belonging  to  the  pith.  In  Rutidanthera,  on  the  other  hand,  the  xylem- 
ray  is  embedded  in  one  side  of  the  group  of  fibres,  the  latter  extending  round 
the  lateral  surfaces  of  the  xylem-strand ;  the  ray  of  wood  in  this  mnus 
is  moreover  occasionally  not  situated  on  the  outer  side  of  the  group  of  fibres, 
but  internal  or  lateral  to  it.  The  medullary  bundles  found  in  Cespedesia  and 
Foumieria  have  an  essentially  different  structure,  being  composed  of  a  strand 
of  phloem  and  a  group  of  fibres.  In  Cespedesia  the  phloem-group  is  for  the 
most  part  embedded  in  the  inner  margin  of  the  well-developed  bundle  of  fibres  ; 
in  some  cases,  however,  it  is  situated  at  the  outer  margin  or  laterally  and  may 
occasionally  be  absent  altogether.  The  phloem-group  develops  in  the  centri- 
fugal direction.  In  Foumteria  the  strand  of  phkem  is  generally  surrounded 
by  a  sheath  of  one  or  two  rows  of  fibrous  cells ;  it  may,  however,  also  be  wanting. 
Tne  bundles  in  Cespedesia  and  Foumieria  exhibit  an  irregular  arrangem^it, 
and  are  present  in  large  numbers.    It  is  specially  to  be  noted  that  the  medullary 
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bundles  of  the  Godoyeae  are  cauliney  so  that  they  are  not  connected  with  the 
vascular  strands  of  the  stele. 

We  may  add  that  in  all  the  Godoyeae  the  medullary  bundles  become  converted 
into  typical  vascular  bundles  in  the  axis  of  inflorescence.  Strands  of  phloem 
appear  m  relation  to  the  vessels  and  fibres,  constituting  the  medullaxv  bundles  of 
GMoya^  PlancKoneUa  and  RutidaiMera^  wlidlst  vessels  are  added  to  the  groups  of 
phloem  and  fibres  in  the  medullary  bundles  of  Cespedesia  and  Foumieria.  But 
the  arrangement  and  previous  orientation  of  the  wood  and  bast  is  for  the  most 
part  retained. 

On  the  genera  Wallacea  and  Euthemis* 

In  its  anatomical  structure  the  genus  Wallacea^  which  Van  Tieghem  excludes 
from  the  Luxemburgiaceae,  really  shows  quite  a  nimiber  of  points  of  agreement 
with  the  latter,  as  is  evidenced  by  Van  Tieghem's  own  statements ;  these  points  of 
similarity  are  the  cortical  vascular  bundles  (six  in  number,  each  strengthened  by 
an  arc  of  fibres),  the  nature  of  the  pericycle  (formed  by  small  isolated  bundles  of 
fibres),  the  sup^dal  (subepidermal)  development  of  tl^  cork,  the  cells  exhibiting 
U-shaped  thickening,  and  also  the  presence  of  secondary  hard  bast  (in  small  groups). 
The  outer  ends  of  the  primary  medullary  ra3rs  of  the  bast  are  not  broadened  in  the 
form  of  a  wedse.  The  structure  of  the  petiole  is  particularly  striking ;  there  b 
a  lin^  of  bunmes,  the  pith  of  which  contains  two  superposed  vascular  strands, 
of  which  the  lower  one  exhibits  normal,  the  upper  one  mver^e  orientation  of  wood 
and  bast.  On  either  side  of  the  vascular  ring  four  cortical  bundles  are  found ; 
these  are  situated  one  above  the  other,  and  consists  of  a  central  mass  of  xylem, 
enveloped  by  a  ring  of  soft  bast  and  fibres.  The  structure  of  the  leaf  of  Wcilacsa 
is  bifacial,  the  stomata  being  confined  to  the  lower  side.  The  lateral  veins  are  not 
vertically  transcurrent.  Cbcedate  of  Ume  occurs  in  the  form  of  clustered  and  solitary 
crystals  (the  latter  in  the  lateral  veins). 

According  to  Van  Tieghem,  the  genus  Euthemis  is  specially  distinguished  by  the 
possession  of  large  mudlc^e-cells  situated  in  the  pith  and  cortex  of  the  branches 
and  in  the  mesophylL 


Lttciatnre :  Borteletd,  Studio  monogr.  int  alia  &miglia  delle  Ochnaceae,  Malpigfaii^^  looi, 
pp.  105-74  "<i  Tab.  v-xL— Pilard,PAicycle,  Th^,  Bordeaux,  1901,  p.  93.— Van  Tierticm,  Eplbl^- 
pharide  tic.,  Joiim.  de  hot,  1901,  pp.  38^^-94.— Gerhard,  Blattanat  v.  Gew.  des  Knysoawaldes, 
Disc,  Basel,  1903,  pp.  S-io  WcAma\.~-Vui  Ti^hem,  Odmac^es^^  Ann.  sc  nat,  s^.  8,  t  zvi, 
1002,  pp.  161-416.— -Van  Tieghem,  Deux  Ochnaoies,  BulL  Mus.  dliisL  nat,  1902,  pp.  47-52.— 
Van  Tieghem,  Crittaique  etc.,  Bull.  Mus.  dliist.  nat.,  ipoa,  pp.  266-73.— Van  Ti^em,  Une 
Ouiat^  etc,  BoU.  Mus.  d*hist.  nat,  1902,  p.  615.— Van  Tieghon,  S^touat^  Campylospenne  et 


Bis^taire,  Journ.  de  hot.,  1902,  pp.  33-47.— Lecomte,  Bois  du  Congo,  Bull.  Mus.  d*hist  nat,  1903, 
p.  89. — ^Van  Tieghem,  Nonv.  obs.  sur  les  Ochnac^  Ann.  sc  nat,  s^.  8,  t.  xyiii,  1903,  pp.  i-6a- 
Van  Heghem,  Esp.  nouv.  des  Ochnaoto,  Bull.  Mus.  d*hist.  nat,  1903,  pp.  30,  70  and  156  et  seq.- 


Van  Tieghem,  Lnxembourgiacees,  Ann.  sc  nat.,  ser.  8,  t  xix,  1904,  pp.  1-9O.— Van  iiegnem. 
Wallace,  Buli  Mus.  dTiist.  nat,  1904,  pp.  145-50.— Van  Tieghem,  False,  m^.  des  Godoy^ 
Joum.  de  hot,  1904,  pp.  53-64.— Van  Tieghem,  Franges  ste^tr.,  Joum.  de  bot,  1904,  pp.  105-9.— 
Areschoug,  Trop.  vaxt  bladbyggn.,  Sv.  Vet  Akad.  RandL,  39,  n.  a,  1905,  pp.  29-90  {Ochna).— 
£Pilger,  in  Natiirl.  Pflanxenfam.,  Erg.-Heft,  11, 1907,  pp.  219,  22a] 

BURSERACEAE  (pp.  190-194). 

2.  Structure  of  the  Leaf.  The  following  are  additional  details  as  to 
the  nature  of  the  hairy  coveting  (Syst.  Anat.,  p.  loi).  In  BosweUia 
Carieri,  Birdw.  external  glands  with  a  short  stalk  and  a  bicdlnlar  head 
divided  by  a  vertical  wafl  occur  side  by  side  with  thick-walled  clothing 
hairs  which  are  either  unicellular  or  uniseriate  (Ad.  Peter).  ProUum  seftaiuH^ 
Engl,  has  unicellular  trichomes,  which  are  sometimes  united  to  form  tufts, 
while  peculiar  unicellular  lanceolate  hairs  occur  in  Canariutn  zeylanicum 
(Stepowski). 

3.  Structure  of  the  Axis.  Bargagli-Petrucd  met  with  sihca-bodies  in 
the  wood-parenchjmoa  of  an  undetermined  species  of  Canarium  from  Borneo; 
In  BosweUia  Carkn  the  bast-fibres  composing  the  sclerenchymatous  ring  are 
septate  like  the  wood-fibres.    In  Pfoiiwm  divaricatum  there  is  a  ring  of  stone- 
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cells  in  the  primary  cortex  (Stepowski).    The  resin-canals  in  Boswellia  Carieri 
are  found  also  at  the  periphery  of  the  pith  (protoxylem). 

In  Boswellia  Carten  the  cork  arises  sub^idermally.  According  to  Hdhnel 
and  Ad.  Peter  (see  also  Mohl),  the  peculiar  exfoliation  of  membranous  cork- 
layers,  already  (Syst.  Anat.,  p.  193)  described  for  species  of  Boswellia  and 
Commiphora,  takes  its  origin  from  single  layers  of  phelloid-cells  of  peculiar 
structure ;  tilie  inner  tangential  walk  and  the  adjoinin|;  portions  of  the  radial 
walls  are  strongly  thickened,  lignified  and  silicified,  while  the  remaining 
parts  of  the  waJl  are  very  tlun ;  moreover  the  silicified  portions  are  rarely 
smooth,  but  have  ddicate  ridges  running  in  the  vertical  direction  and  occasion- 
ally forking.  The  process  of  exfoliation  does  not,  however,  take  place  in  every 
layer  of  pnelloid  cells,  so  that  unruptured  layers  of  these  cells  may  be  met 
with  in  the  cork. 

Literature :  Mobl,  in  Hot.  Zeit,  1861,  p.  339.— Hdhnel,  Kork,  Sitz..Ber.  Wiener  Akad.,  Ixxiri, 
Abt  I,  1877,  p.  6oe  etc. — Jobannton,  Noch  wenig  bek.  Rinden,  Diss.,  DorjMit,  1891,  p.  31  et  seq. — 
Jadin,  Trntinthacees,  Tonrn.  de  bot,  1893,  p.  38a  et  seq. — ^Boeigesen  og  Panlaen,  Vegetat  dansk.- 
Testind.  Oer,  Bot  Tidsskrift,  xxii,  1898-p,  pp.  97,  98  {Bttrsira  ^mm$fera,  L.).— Pitaid,  PMqrde, 
Th^,  Bordeaoz,  190X,  p.  84. — ^BargaglUPetrncci,  Concrez.  silicee,  Malpighia,  100a,  p.  33  et  seq. ; 
and  Legnami,  loc.  dt.,  p.  314  et  seq.  {Canarium,  Santiria), — Ponlsen,  Loftwider  noe  Camtnam 
commune,  Vidensk.  Meddelels.  KjfliboibaTn,  1903,  pp.  331-5.— Ad.  Peter,  Anat  d.  Veg.  Oig.  von 
BostHllia  Carteri,  Sitz.-6er.  Wiener  Akad.,  cxii,  Abt.  i,  1903,  pp.  511-34  >^  Tab.  i-ni ;  see  also 
Ante^  d.  Akad.,  1903,  p.  169.— Arescfaong,  Trop.  Tiizt  bladbyggn.,  St.  Vet.  Akad.  HandL,  39, 
n.  3,  1905,  pp.  i34'-(h— -Stepowdu,  Anat  Untenoch.  fiber  die  oberird.  Veg.  Org.  der  Bnrseraceen  etc. 
Diss.,  Ben,  1905,  pp.  ii-5i.^Booisma,  AloehoU,  Ball.  Depart  de  rAgric  aiiz  Indes  n^erland., 
▼ii,  1907,  p.  a8  et  seq.  {Cctttarium),'] 

MELIACEAE  (pp.  194-198). 

1.  To  the  Review  of  the  Anatomical  Features  the  following  newly 
discovered  facts  may  be  added  :  Unicellular,  two-armed  hairs  are  found  also 
in  Epicharis.  Hypoderm  is  present  in  the  leaf  also  in  certain  species  of  Aglaia 
and  Sandoricum.  Papillae  occur  on  the  lower  epidermis  of  the  leaf  al^  in 
Heynea. 

2.  Structure  of  the  Leaf.  Hypoderm  is  foimd  also  in  Carapa  obovaia^ 
Bl.  (according  to  Areschoug),  Aglaia  cambodiana,  Pierre  and  Sandoricum 
indicum,  Cav.  (according  to  Pierre).  The  latter  author  states  that  the  lower 
epidermis  in  Heynea  trijuga,  Roxb.  bears  rather  long  papillae. 

The  secretory  cells  characteristic  of  the  memb^  of  this  Order  are  accord- 
ing to  Pierre  in  some  cases  surrounded  by  special  cells  resembling  an  epithelium. 
Mudlage-cells  are  stated  by  Areschoug  to  occur  in  the  palisade- tissue  of  Carapa 
ohovaia. 

To  the  section  dealixig  with  the  hairy  covering  we  may  add  the  following 
information.  Simple  unicellular  clothinff  hairs  are  present  also  in  si)ecies  of 
Chisocheton  and  Dysoxylum,  and  unicellular  two-armed  hairs  also  in  Epi- 
charis Juglans,  Hance,  and  £.  hoaensis,  Pierre.  Glandular  hairs,  sunk,  like 
those  of  Cabralea,  in  deep  pits,  the  apertures  of  which  appear  as  dots  on 
the  surface  of  the  leaf,  occur  also  in  Dysoxylum  Loureirt,  Pierre  (Pierre). 
According  to  Areschoug,  peculiar  hydathodes  are  found  on  the  lower  surface 
of  the  kiaf  in  Carapa  oMusa ;  they  consist  of  a  small-celled  tissue  situated 
beneath  the  epidermis,  which  subsequently  becomes  resorbed  at  these  points. 

Note.  We  may  add  that  according  to  Pitard  the  fruit-stalks  of  Swietema 
Mahagoni  and  Aglaia  Roxburghii  exhibit  polystelic  structure.  For  the  detailed 
structure  of  the  horn-shaped  respLratory  organs,  found  in  Carapa  mduccensiSt  Lam. 
(and  exhibiting  a  peculiar  formation  of  intercellular  spaces  in  the  primary  cortex), 
see  Karsten,  k)c  at. 

literatue:  Karsten,  Mangroveveget,  Pibl.  bot.,  Heft  23,  1891,  pp.  51,  53.--rRtiab7,  Coblents 
and  Wilooz,  Coccillana  {Gmarea),  Boll,  of  Pharm.,  1893,  p.  350  et  leq.]— Pieite,  Flore  forest  de  U 
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Codunchlne,  xzii,  1896,  and  xziii,  1897. — [MitUcher,  Meliaceeo-Rinden,  Zdtscfar.  aUg.  dttencicfa. 
Apotheker-Ver.,  1900,  p.  573  et  sea.;  tbitr,  in  Just,  1900,  ii,  p.  47.]---Pitaid,  P^cyde,  Thk&tt 
Bordeanx,  1901,  p.  93. — ^Arcschong,  MaogroYevegetat,  Bibl.  bot,  Heft56y  190a,  pp.  46,  47  and  Tab. 
Hi-iT. — ^Bari^li-Petraody  Legnaini,  Malpigfaia,  1902,  p.  316  et  seq.  (Con^,  Dysixylum^  Sand^ 
Hatm). — ^PSard,  Polyst^lie,  Actes  Soc.  Limi.  de  Bordeaux,  s^.  6,  t.  vil,  190a. — Areschoog,  Trop^ 
Yaxt.  Uadbyggn.,  St.  Vet  Akad.  Handl.,  39,  n.  2, 1^5,  Dp.  98,  99  {Cipadessd).—2\Qdo\\^  Legnami, 
BalL  Siena,  1906,  pp.  147, 149  and  161.— [Pot  additional  literature  see  p.  1171.] 

CHAILLETIACEAE  (pp.  198-200). 

Literatore :  C.  de  Candolle,  Inflor.  ^piphvlles,  M^m.  Soc  de  phys.  et  dliist  nat  Centre,  i^^ 
vol.  snpp.,  sep.  copy,  p.  14  et  teq. — ^Pitard,  Paicyde^  Th^,  Bordeaux,  190 1,  p.  93. 

OLACINEAE  (pp.  200-209). 

1.  Anatomical  Features.  First,  as  regards  the  structure  of  the  leaf, 
we  may  add  that  stomata  with  subsidiary  (^Us  placed  parallel  to  the  pore, 
previously  recorded  in  Opilia^  are  present  also  in  Coula  and  other  genera,  hvpo* 
derm  also  in  species  of  Schdpfia,  spicular  cells  in  Anacalosa  pMerula^  Kurz, 
and  spicular  fibres  running  freely  in  the  mesophyll  in  MinquarUa  and 
EgatUhus^.  In  the  Olacineae  recently  investigated  by  Colozza,  the  wood- 
prosenchyma  also  bears  bordered  pits  m  all  cases.  Laticiferous  tubes,  already 
recorded  in  Endusa  and  Cardiopteris^  are  present  also  in  Cotda^  EgatUhm, 
MinqMartia  and  Ochanostachys^  whilst  schizogenous  secretory  cavities,  besides 
occurring  in  Coula  and  Endusa,  have  be^i  observed  in  EgatUhus,  MinquarHa 
and  Ocnanostachys.  Amongst  noteworthy  tjrpes  of  hairs  we  may  mention 
the  branched  midticellular  trichomes  of  Ximenia  caffra,  Sond.  and  the  tufted 
hairs  found  on  the  branches  of  CoM/a,  Ochanostachys  and  MinquarHa. 

2.  Structure  OF  THE  Leaf".  Van  Tieghem  states  that  the  leaves  in  Coirfa, 
Ochanostachys  and  MinquarHa  have  bifacial  structure  with  the  stomata  on  the 
lower  side.  According  to  the  same  authoritjr  the  stomata  are  acc(Hn{>anied 
by  subsidiary  cells  placed  parallel  to  the  pore  in  Coula  edulis,  and  acceding  to 
Pierre  in  Anacalosa  Clarkii,  Pierre,  Mdientha  suavis,  Pierre,  Olax  intbricata, 
Roxb.  var.  cambodiana,  Pierre,  Schdpfia  fragrans.  Wall,  and  S.  Miersiij  Pierre, 
and  according  to  Gerhard  in  Apodytes  dinMiaia.  The  two  species  of  SchGpfia 
just  named  have  a  hypoderm  composed  of  two  layers.  According  to  Colozza, 
the  mesophyll  in  Heisteria  caulifhra,  Sm.  and  Anacalosa  puberida,  Kurz  con- 
tains '  sderenchsonatous  idioblasts,'  while  in  MinquarHa  and  Eganihus,  accord- 
ing to  Van  Tieghem,  it  includes  sclefenchymatous  fibres,  having  the  same 
structure  as  those  of  Endusa. 

According  to  Van  Tieghem,  three  vascular  bimdles  pass  out  into  the  leaf 
in  Coula,  MinquarHa  and  Ochanostachys;  the  two  lateral  bundles  branch 
off  from  the  vascular  ring  of  the  axis  a  little  way  below  the  node.  Ac- 
cording to  Pierre,  there  are  likewise  three  bimdles  in  Anacalosa,  Atodytes, 
Erythropalum,  Olax  and  Strombosia,  while  in  Mdientha,  Schdpfia  and  Ximenia 
there  is  only  a  single  bundle.  The  petiole,  according  to  Colozza,  contains 
a  stele  in  Coula,  Heisteria,  Ochanosiaclvys,  Scorodocarpus  and  Strombosia,  while 
in  Anacalosa,  Liriosma,  Olax  and  Ximenia  the  vascular  bundles  are  arranged 
to  form  an  arc. 

A  few  facts  may  be  taken  from  the  new  records  of  the  occurrence  of 


*  Van  Tieghem  unites  Couia,  Eganthus^  Endusa  and  MinquarHa  to  form  a  separate  Order 
(Coulaoeae). 

'  Colozxa*s  recent  investigations  on  the  structure  of  the  leaf  deal  with  the  genera  Anacalosa, 
Coula,  Hoisteria,  Liriosma,  Ochanostaehys,  Olax,  Strombosia  and  Ximenia  \  Colozza  moreover  also 
examined  the  structure  of  the  axis  in  these  genera,  as  well  as  in  SchUpfia. 
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secretory  organs  mentioned  above.  According  to  Van  Tieghem,  the  laticiierous 
tubes  found  in  Caula^  Minquartia,  Ochanostad^s  and  Eganthus  are  branched 
and  unseptate  ('  non  cloisonn6es  *)  ^ ;  special  emphasis  is  laid  on  the  latter 
point,  at  least  as  far  as  the  three  first-named  genera  are  concerned.  The 
kiticiferous  dements  are  present  in  the  pith,  primary  cortex  and  bast  of  the 
branch ;  in  the  leaf  they  are  met  with  especially  m  the  veins.  According 
to  Van  Tie^hem,  the  secretory  cavities  occur  in  the  primary  cortex  of  the 
branch  *  and  in  the  mesophyll ;  in  Coula^  Minquartia  and  Ochanostachys  their 
contents,  as  in  the  case  of  Endusa^  assume  a  blue  colour  after  treatment  with 
Eau  de  Javdle. 

Colozza  has  published  a  number  of  new  statements  on  the  mode  of  deposi- 
tion of  oxidate  of  lime  in  the  axis,  the  lamina  of  the  leaf  and  the  petiole.  Of 
these  we  may  mention  that  solitary  crystals  occur  also  in  Coula^  Liriosma, 
Ochano^achys^  Sirotnbosia  and  Ximenia^  and  clustered  crystals  also  in  Anacalasa^ 
Cotda^  Hcisieria  and  Ochanostachys, 

We  may  lastly  mention  the  special  forms  of  clothing  hairs  that  have  been 
recently  recorded.  Colozza  describes  the  trichomes  of  Ximenia  caffra  as  '  peli 
pluricdlulari,  semplid  o  ramificati,'  Van  Tieghem  those  of  Coila^  &c^  as 
polls  unis^fe,  ramifi^  i  la  base  en  forme  de  bouquet.' 

3.  Structure  of  the  Axis.  The  previous  accoimt  of  the  structure  of  the 
cortex  needs  the  following  additions.  In  Coula,  Mifujuartia  and  Ochanostachys 
liie  development  of  the  cork  takes  place  in  the  subepidermal  layer  of  cells ;  in 
these  genera  cells  with  strongly  thickened  tangential  walls  are  found  amongst  the 
thin-walled  cells  of  the  cork  (Van  Tieghem).  According  to  Van  Tieghem,  the 
pericyde  in  the  three  genera  just  named  contains  a  composite  and  continuous 
ring  of  sclerenchjmoa ;  Colozza  describes  bands  of  bast-fibres  as  present  in 
the  pericyde  in  spedes  of  Liriosma,  Olax,  Schdpfia  and  Ximenia,  and  a  ring 
of  sclerenchj^nia  in  species  of  Anacahsa^  Heistma^  Scorodocarpus  and  Strony- 
bosia^  while  Pitard  records  isolated  groups  of  bast-fibres  in  the  pericyde  of 
Heisteria  coccinea  and  Olax  imbricaia  {Fissilia  psittacorum).  Secondary  hard 
bast  has  been  observed  in  Liriosma  (Kleesattd). 

According  to  Leisering,  the  interxylary  phloem  foimd  in  Sarcostigma 
Kleinii  is  given  off  by  the  cambium  on  its  outer  side,  but  subsequently  becomes 
bridged  over  by  a  cambial  arc  ;  in  other  words,  its  mode  of  devdopment  is 
that  characteristic  of  the  Strychnos-type. 

Literature :  Wijnaendu  Francken,  Sklerdden,  Diss.,  Utrecht,  1890.  p.  5a. — Kleesattel,  Mmra 
Pnama,  Diss.,  Erlangen,  1892,  44  pp.,  2  Tab.— Pierre,  Flore  forest  de  la  Cochinchine,  zrii,  1893. 
— ^Leisering,  loterxylaeres  Leptom,  Diss.,  Berlin,  1899,  p.  17. — Van  Tieghem,  Denz  genres  nouT. 
poor  la  nm.  d.  Conlaoto,  BulL  Mus.  dliist.  nat,  1899,  pp.  97-100. — Van  Tieghem,  Coulao^ 
Jonm.  de  bot.,  1899,  pp.  69-79;  and  Ann.  to.  nat,  s^r.  8;  t  x,  1899,  pp.  125-36. — ^Heckel,  Parasi- 
tisme  de  Ximmia  anuricana^  Comptes  rendusy  Paris,  cxxxi,  1900,  pp.  764,  765. — ^Pitaid,  P^cycle, 
Thte,  Bordeaux,  1901,  pp.  84  and  95. — ^Bargagli-Petracd,  Legnami,  Malpighia,  1903,  p.  393 
(Scorodocarpus), — Gerhard,  Blattanat  v.  Gew.  d.  Knysnawaldes,  Diss.,  BMel,  1903,  pp.  10,  11 
\Apotfyte5\'—V9Si  Ti^em,  Conlac^,  Jonm.  de  hot.,  1903,  p.  335.— Colozza,  Anat.  delle  Olacin., 
Nnovo  Giom.  bot.  ItiO.,  xi,  1904,  pp.  539-65. 

OCTOCNEMACEAE. 

We  may  follow  En^ler  (Natiirl.  Pflanzenfam.,  Erganz.-Heft,  i,  1900, 
p.  19)  and  Van  Tieghem  in  regarding  the  genus  Octocntma  as  constituting 
a  special   Order.     Odocntma  is  characterized  by  liie  following  anatomical 

'  Van  Tieghem  also  describes  the  latidferons  tnbes  present  in  Endusa  as  nnseptate,  bat  this  is 
not  the  case  (see  Syst  Anat.,  p.  303) ;  he  himself  observed  the  occnrrence  of  anastomoses  in  this 
gcnos. 

*  Colozza*s  statement  that  in  Cot^  and  Ochanostachys  the  secretory  cavities  occnr  also  in  the 
pith  is  no  donbt  incorrect. 
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features  :  multiceUular  tufted  or  stellate  clothing  hairs ;  oxalate  of  lime  in 
the  form  of  solitary  crystals  ;  stomata  vdthout  subsidiary  cells  ;  absence  of 
cortical  vascular  bundles ;  a  composite  and  continuous  ring  of  sclerenchyma 
in  the  pericycle ;  occurrence  of  secondary  hard  bast ;  and  subepidermal 
development  of  cork. 

The  two  species^  0.  Klaineana,  Pierre  and  0.  affmis,  Pierre,  have  been 
examined  by  Van  Tieghem.  The  hairy  covering  varies  somewhat  in  the  two 
cases,  bein^  floccose  or  tufted  in  0.  Klaineana,  and  composed  of  stellate  hairs 
having  then:  ray-cells  spread  out  parallel  to  the  surface  of  the  organ  in  0.  affims. 
The  mesophvU  is  compact  on  the  upper  side  of  the  leaf  and  lacunar  towards 
the  lower  side  ;  the  outer  layer  of  tl^  compact  portion  contains  thick  crystals. 
The  stomata  are  confined  to  the  lower  surface  of  the  leaf.  The  vascular  bundles 
in  the  lateral  veins  are  accompanied  by  hard  bast  and  provided  vdth  an 
endodermis  containing  crystals.  Five  vascular  bundles  pass  out  into  the  leaf ; 
for  the  further  course  of  these  bundles,  which  varies  slightly  in  the  two  species, 
see  Van  Tieghem,  loc.  cit. 

As  regards  the  structure  of  the  axis,  we  may  first  note  that  the  cork,  as 
above  mentioned,  develops  in  the  subepidermal  layer  of  cells.  The  cells  of 
the  cork  are  sclerosed  on  the  outer  tangential  and  radial  walls.  The  primary 
cortex  contains  stone-cells,  which  are  either  thickened  uniformly  or  in  the 
form  of  a  horseshoe  ;  in  the  latter  case  they  enclose  a  crystal.  The  endodermis 
is  not  distinctly  differentiated,  although  many  of  its  cells  contain  oystals. 
In  young  branches  the  pericyde  comprises  isolated  groups  of  bast-fibres,  but 
in  later  stages  a  composite  and  continuous  ring  of  sderenchsmia  is  devdoped. 
The  secondary  bast  of  the  thicker  branches  contains  small  groups  of  bast-fibres, 
which  are  arrajoged  in  several  l^ers  and  are  enveloped  by  chambered  oystal- 
fibres  with  soUtary  crystals.  The  medullary  rays  of  the  wood  are  uniseriate. 
Nothing  is  known  as  to  the  structure  of  the  vessels  and  wood-prosench3mia. 
The  pith  includes  groups  of  stone-cells,  whilst  in  its  peripheral  portion  an  arc 
of  lignified  tissue  is  situated  opposite  each  group  of  primary  xylem. 

Literature :  Van  Ti^hem,  Octocn^me,  Joum.  de  bot.,  1905,  pp.  45-58,  especially  pp.  47-50. 


ILICINEAE  (pp.  209-211). 

2.  Structure  of  the  Leaf.  Supplementary  observations  on  the  structure 
of  the  leaf  are  contained  in  Cador's  work  (loc.  cit.)  and  in  the  literature  dted 
bdow.  In  surf  ace- view  the  epidermal  cells  show  straight  or  undulated  lateral 
mar^[ins ;  in  other  cases  they  appear  to  be  undulated  at  a  high  focus  and 
straight  at  a  low  focus,  this  feature  being  combined  with  the  presence  of  marginal 
pits.  A  two-layered  epidermis  on  the  upper  side  of  the  leaf  has  been  recorded 
also  in  Ilex  canariensis,  Poir.  and  J.  capensis,  whilst  in  J.  theezans.  Mart.  var. 
feriiUs,  Loes.  and  var.  Rieddii,  Loes.  the  epidermis  consists  locally  of  two  layers ; 
in  /.  chamaedryfolia^  Reiss.  var.  tybica^  Loes.  occasional  horizontal  division- 
walls  are  met  with  in  the  upper  epiaermis.  A  one-layered  hypoderm  is  stated 
to  occur  on  the  upper  side  of  the  leaf  in  I.  platyphyUa,  Webb  et  Berth.  Gda- 
tinization  often  affects  almost  all  the  ceUs  of  the  upper  epidermis,  while  in  other 
cases  isolated  cells  of  both  upper  and  lower  epiaermis  exhibit  this  feature. 
Gelatinization  has  been  recorded  in  the  following  spedes  and  varieties  :  Ilex 
affims^  Gardn.  var.  genuina,  Loes.  and  var.  nwrfam,  Loes.,  /.  amara^  Loes.  var. 
longifolia,  Loes.  and  var.  laUfolia^  Loes.,  J.  Caroliniana,  Loes.,  /.  Cassine, 
L.  var.  myrtifolia,  Chapm.,  /.  chamaedryfolia,  Reiss.  var.  typica,  Loes.,  J.  cognata^ 
Reiss.,  /.  Congohinha,  Reiss.,  J.  conocatpa^  Reiss.,  /.  Cujabensis^  Reiss.,  /.  dumosa^ 
Reiss.  var.  uuaranina,  Loes.,  /.  glabra,  Gray,  /.  Glazioviana,  Loes.,  J.  Para- 
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{uanensiSy  St.  Hil.  var.  genuina,  Loes.»  /.  Pseudathea,  Reiss.,  /.  symplociformis, 
teiss.  In  some  cases  the  epidermal  cells  exhibit  a  palisade-like  elongation  in 
transverse  sections  of  the  leaf,  e.g.  in  /.  theezans  var.  ferHlis.  The  cuticular 
ridges  occasionally  form  a  kind  of  rampart  around  the  stomata ;  in  /.  theezans 
var.  typica  the  stomata  are  surmounted  by  a  ridge-like  elevation  or  a  chimney- 
shaped  space,  as  the  case  may  be,  due  to  the  neighbouring  cells  projecting  m 
the  form  of  a  ridge.  The  neighbouring  cells  of  the  stomata  in  some  cases 
bear  a  slight  resemblance  to  subsidiary  cells,  e.g.  in  /.  Paraguariensis.  The 
mesophyU  commonly  contains  fat-bodies.  In  /.  Cassine  var.  myriifoUa  the 
two  lowest  layers  of  the  spongy  tissue  consist  of  cells  with  thick  pitted  walls  ; 
the  palisade  and  spongy  tissue  in  /.  glabra  contains  round  cells  having  wide 
lumina  and  sclerosed  on  one  side. 

An  additional  feature  presented  by  the  hairy  covering  is  the  occasional 
occurrence  of  long,  unicellular  trichomes.  The  clustered  crystals  of  oxalate 
of  lime  are  frequently  enclosed  in  relatively  large  cells,  which  are  differentiated 
as  idioblasts.  In  Ilex  Cassine  var.  myrtifolia^  I,  dumosa  var.  Guaranina^  and 
/.  paUarioides,  Reiss.,  Cador  met  with  sphaerocrystalline  masses  (hesperidin  ?) 
in  the  epidermis  of  the  leaf,  while  in  /.  Pseudoikea  he  observed  yellowish  crystals 
of  varymg  size  and  composed  of  an  unknown  chemical  substaiice. 

For  the  distribution  of  the  abundant  cork- warts,  which  in  certain  species 
cause  a  punctate  appearance  on  the  lower  suriace  of  the  leaf,  see  especially 
Loesener  s  monograph  (in  Nova  Acta  Leopold.-Carol.  deutsch.  Acad.,  Ixxviii, 
1901) ;  regarding  the  occurrence  of  domatia  and  their  structure,  see  Loesener 
in  Biolc^.  Centrdbl.,  1893,  p.  449  et  seq. 

3.  Structure  of  the  Axis.  According  to  Pitard,  a  composite  and  con- 
tinuous ring  of  sclerenchyma  is  present  also  in  Ilex  celastroides  and  Byronia 
taitensis, 

liteiature :  Pierre,  Flore  forest,  de  U  Cochinchine,  xviii,  1893. — Loesener,  I Ux  paraguariensis, 
Notizbl.  Berlin,  n.  10,  1897,  p.  314  et  seq. — Cador,  Aniat.  Untersach.  der  Matebl.,  Diss.,  Erlangen, 
59  pp. ;  sep.  copy  from  Bot.  Centralbl.,  1900,  ir,  p.  341  et  seq. — Kearny,  in  Cootribat.  U.  S.  Nat. 
Herb.,  V,  5,  1901,  p.  296. — ^Petersen,  Vedanatomi,  1901,  pp.  50,  51. — ^Pitard,  P^ricycle,  Thesc» 


Bordeaux,  1901,  p.  73. — Bargagli-Petmcd,  Legnami,  Malpighia,  190a,  p.  3a3.--Claaditz,  Blattanat. 
canar.  Gew.,  Diss.,  Basel,  190a,  pp.  23-6. — Gerhard,  Blattanat.  v.  G«w.  d.  Knysnawaldes,  Diss., 
Basel,  190a,  pp.  1X-14'. — Neger  and  Vanimo,  Paragnajrthee,  1903,  pp.  449-53 — Picdoli,  L^nami, 
Boll.  Siena,  1906,  p.  136. — [For  additional  literature  see  p.  1170.] 


CELASTRINEAE  (pp.  212-214). 

Thanks  to  the  recent  investigations  of  Stenzel  and  Metz,  the  structure  of 
the  leaf  and  axis  in  this  Order  is  now  weU  known.  Their  work  necessitates  the 
following  alterations  or  additions  in  the  general  diagnosis'.  The  development 


1  The  plant  which  Gerhard  describes  under  the  name  of  'lUx  Cassini '  (sphalm.  ex. '  /.  Cassine  *), 
from  specimens  growing  in  the  Botanic  Gardens  at  Basel,  does  not  belong  to  the  genus  liex^  as  is 
shown  by  the  anatomy  of  the  leaf  (spicnlar  cells,  peltate  glands) ;  except  for  the  statement  as  to  die 
occurrence  of  dostered  crystals  there  is  nothing  against  the  plant  in  qnestioo  being  a  member  of  the 
Oleaceae. 

*  StenzeFs  and  Metz's  byettigations  extend  to  the  following  genera,  which  are  ennmerated  in 
the  serial  order  of  Loesener*s  system:  Euonymus^  Lcphopetalumt  ^Glyptopetaluntf  Microtropis^ 
Denhamia,  Ceiasirus,  MaytenuSy  Gymnosporia,  PtUterlickia^  Catha,  PterocelastruSf  P^ycanHa^ 
Kurrimiay  Pachystima^  ^Kokoona^  ^^Zinowiewia,  Plenckia^  TripUrygium^  Wimm€ria,Ehuodendr9Hy 
Cassine,  Mystroxylon,  Maurocemay  Hartogia^  JHeurostylia,  ^Lauridia,  ^^Gyminday  Myginda^ 
Fraunkoferay  Mortmia^  ^Glossopetalumy  Schaefferiay  *Perrott€tia,  Goupia^  and  Siphcmdan,  The 
genera  provided  with  an  *  have  been  investigated  by  Stenzel  only,  those  marked  with  ^  by  Metx 
only ;  Stenzel's  work  deals  with  the  structure  of  the  leaf  and  axis,  whilst  that  of  Metz  is  concerned 
only  with  the  stmctnre  of  the  leaf. 
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of  the  cork  occasionally  takes  place  in  a  deeply  situated  cell-laj^er  of  the  primary 
cortex.  The  hairy  covering  consists  of  unicellular  or  uniseriate  clothing  hairs, 
the  former  often  being  short  and  differentiated  as  papillae ;  hairs  are  not  of 
conmion  occurrence  and  are  never  present  in  large  numbers.  Special  forms 
of  clothing  hairs  (such  as  unicellular  one-  or  two-armed  hairs,  and  forked  multi- 
cellular tnchomes)  are  very  rare.  A  widely  distributed  feature  is  the  occurrence 
of  small  bodies,  consisting  of  caoutchouc  or  fat,  in  the  mesophyll.  Special 
features  in  the  structure  of  the  leaf  may  be  briefly  enumerated  as  follows : — 
palisade-like  differentiation  of  the  epidermal  cells  ;  papillae  on  the  epidermis 
(very  rare) ;  mucilaginous  epidermal  cells  (very  rare) ;  peculiar  pit-canals  in 
the  outer  wall  of  the  epidermal  cells  (Mortonia) ;  hypoderm  or  an  epidermis 
of  several  layers  ;  crystal-cells  in  the  epidermis  ;  spicular  fibres  in  the  meso- 
phyll. The  secretory  receptacles  are  represented  by  :  (a)  long  secretory  sacs, 
wmch  are  mostly  filled  with  a  substance  resembling  caoutchouc  and  capable  of 
being  drawn  out  into  threads  ('  spinning ')  (Cdastrus^  Euonytnus,  Mys^oxylon, 
Wimmena) ;  (b)  secretory  canak  (Mortonia,  Pachystima) ;  and  (c)  tannin- 
idioblasts.  The  earlier  statement  as  to  the  presence  of  '  resin-cells  ? '  in 
Kokoona  has  been  traced  to  the  occurrence  of  cork- warts  on  the  lower  side  of 
the  leaf. 

In  the  Structure  of  the  Leaf  the  epidermis  in  the  first  place  affords 
a  large  number  of  S3^tematic  characters.  The  size  of  the  epidermal  cells, 
the  nature  of  their  lateral  margins  and  the  thiclmess  of  the  outer  walls,  are 
features  which  are  subject  to  variation.  Palisade-like  elongation  of  the 
epidermal  cells  is  found  in  Cassine  scandensy  Eckl.,  Gymnosporia  laurina,  Szysz., 
Kokoona  zeylanica,  Thw.,  Maurocenia  Frangulariaf  Mill.,  Mortonia  Greggii, 
Gray,  Polycardia  Hildebrandtii,  BaiU.,  species  of  Pterocdastrus,  and  PuUer- 
Uckta  pyracantkOj  Endl.  Striation  of  the  cutide  is  met  vdth  in  species  of 
Microtropis,  Polycardia  and  Zinovnewia,  especially  in  the  neighbourhood  of 
the  stomata.  In  Caiha  eduliSj  Forsk.  and  Goopia  glabra,  Aubl.  the  outer  walls 
bear  linear  pits ;  in  Polycardia  Hildebrandiii,  Baill.  and  P.  libera,  O.  Hoffm.  they 
are  provided  vath  deUcate  pits.  In  Mortonia  Greggii,  Gray  the  outer  walls 
are  traversed  by  peculiar  lon§  pit-canals,  which  may  be  either  branched  or 
unbranched,  and  run  in  all  durections,  though  for  the  most  part  parallel  to 
the  principal  vein ;  the  outer  ends  of  these  canals  invariably  come  to  he  above 
the  lateral  margins.  Marginal  pits  have  also  been  observed  in  forms  having 
epidermal  cells  with  undulated  lateral  margins  (species  of  Cassine,  Elaeoden- 
£ron,  Gyminda,  Kurrimia,  Lauridia).  In  some  cases  (species  of  Elaeodendron, 
Gymnosporia,  Mawocenia,  Maytenus,  Microtropis,  Myginda)  the  lumina  of  the 
epidermal  ceUs  are  considerably  narrowed  owing  to  the  thickening  of  the  walls. 
Mucilaginous  epidermal  cells  liave  only  been  recorded  in  Goupia  glabra,  Aubl., 
Perrotietia  alpestris,  Loes.  and  P,  sandwicensis.  Gray.  According  to  Metz, 
occasional  epidermal  cells  are  verv  commonly  drawn  out  into  papillae  or  short 
c^pillose  hairs.  A  typical  papiUose  epidermis  is,  however,  present  only  in 
Wifnmeria  confusa,  Hemsl.  (on  the  upper  side  of  the  leaf)  and  in  Siphonodon 
celastrinus.  Griff,  (on  the  lower  side  of  the  leaf).  In  certain  species  of  Gymno- 
sporia, Caiha,  Elaeodendron  and  Plenckia  the  epidermis  consists  looJly  of 
two  or  three  layers  owing  to  the  presence  of  division-walls  parallel  to  the 
surface  of  the  leaf,  while  in  Gouina  glabra,  Aubl.,  Gymnosporia  linearis,  Loes., 
G,  senegalensis,  Loes.  and  G,  JVallichiana,  Spreng.  the  epidermis  is  tj^ically 
two-  or  three-layered.  In  Goupia  glabra  the  horizontal  division-waUs  are 
accompanied  by  vertical  ones ;  vertical  walls  are  also  present  in  species  of 
Euonymus,  Gymnosporia,  Kurrimia  and  Polycardia.  Hypoderm  is  of  frequent 
occurrence.  A  continuous  hypoderm  consisting  of  one  or  more  layers  and 
situated  either  only  on  the  upper  or  on  both  sides  of  the  leaf  has  been  observed 
in  certain  species  of  Cassine,  Celastrus,  Denhamia,  Elaeodendron,  Gyminda, 
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Gymnosporia,  Maurocenia,  Maytenus^  MygindOj  MysttoxyUm  and  Schaefferia  \ 
In  other  species  belonging  to  these  genera,  as  wdl  as  in  Plenckia  poptdnea^ 
Reiss.y  thehj^poderm  is  confined  to  certain  parts  of  the  leaf,  situated  especially 
in  the  neighbourhood  of  the  veins.  A  last  feature  requiring  special  mention  is 
the  occurrence  of  crystal-cells  in  the  epidermis  of  the  leaf  m  species  of  Caiha, 
Denhamiaj  Elaeodeniton^  Euonymus,  Gyminda^  Kurrimia,  LophapekUum, 
Maytenus,  Microtropis,  Myginda,  PUurosiylia,  Siphanodon^  and  IVimmeria^ 
In  most  cases  each  of  the  crystal-cells  contains  a  soUtary  crystal,  rarely  a 
clustered  crystal.  These  crystal-cells  are  found  either  in  both  upper  and  lower 
epidermis,  or  only  in  the  lower  epidermis,  and  may  be  present  in  large  or  small 
numbers.  In  certain  species  they  differ  from  the  remainingepidermal  cells,  this 
being  especially  the  case  in  the  species  of  Elaeodendfon.  Here  the  crystal-cells 
either  form  rows  of  as  many  as  twelve  cells  or  groups  of  two  to  six  cells  lying 
side  by  side,  or  are  isolated ;  in  the  latter  case  they  are  surrounded  by  a  kind  of 
rosette  formed  by  the  neighbouring  cells ;  the  crystal-idioblasts  are  further 
frequently  rounded  and  smaller  than  the  other  epidermal  cells,  and  may  even 
have  thickened  inner  walls  in  which  the  crystals  are  inserted.  GynUnia 
shows  similar  features  to  those  just  described  for  the  species  of  Elacoaendron. 
In  Siphonodan  the  crystal-cells  are  distinguished  from  the  other  epidermal 
cells  by  the  absence  of  papillae.  In  Lopho^etalum  and  Microtropis  discolor^ 
Wall,  ordinary  cells  of  the  epidermis  are  (uviaed  up  into  two  or  three  chambers 
by  means  of  deUcate  walls,  each  chamber  enclosing  a  clustered  crystaL 

The  stomata  are  as  a  rule  confined  to  the  lower  side  of  the  leaf.  They  ^e 
develo|)ed  in  considerable  numbers  on  the  upper  side  of  the  leaf,  for  instance, 
in  species  of  Gymnosporia  and  Maytenus,  as  well  as  in  Mortania.  There  is  no 
uniform  type  of  stoma.  In  most  cases  the  stomata  are  surrounded  by  3,  4  or 
more  neighbouring  cells,  but  in  many  species  some  of  the  stomata  are  accom- 
panied by  subsidiary  cells  placed  parallel  to  the  pore.  According  to  Met2, 
the  Rubiaceous  type  is  well  marked  in  Kurrimia  ;  in  Lauridia  there  are  niostly 
two  pairs  of  subsidiary  cells  arranged  cross- wise,  and  in  Mortania  the  pairs  of 
guard-cells  are  surrounded  by  a  rosette  of  smaller  epidermal  cells. 

The  leaves  for  the  most  part  show  bifacial  structure.  Distinct  centric 
structure  with  palisade- tissue  situated  on  both  sides  of  the  leaf  has  been  recorded 


*  The  species  are :  Cassine  dar^ara,  L.,  C.  capensis,  L.,  C,  sphatropkylla^  O.  Klze.  ;  Celastrus 
australis,  F.  v.  M.,  C*.  disperma,  F.  v.  M.,  C,  papttana,  Warb. ;  Denhamia  obscvra^  Meissn. ; 
ElaeodendroH  atistrale.  Vent.,  E.  capensis,  Eckl.  et  Zeyh.,  E,  croceum,  DC.,  E.  gldnoim,  Peis., 
E,  iKcifoHum^  Hochst.,  E,  orientaley  Jacq.,  E,  papillosum^  Hochst.,  E,  ouadrangulatum,  Reiss., 
E,  Schweinfurihianum,  Loes.,  E.  xylocarpum^  DC. ;  Gyminda  Grisebackii,  Saig. ;  Gymnosporia 
angularis^  Loes.,  G,  buxifolia^  Szytz.,  G,  Cunninghtimii^  Loes.,  G,  huida^  Loes.,  G,  procumbats^ 
Loes.,  G,  venenata^  Szysz.,  also  G,  (?)  gracilis,  Pierre  and  G,  mekottgeHsis^  Pierre,  according  to 
Pierre;  Maurocenia  Frangularia,  Mill.;  Maytentis  obtusifolia,  Mart,  M,  phyUanthoides^  Benth., 
M.  viscifoUa^  Griseb.,  M,  Vitis  Idaea,  Griseb. ;  Myginda  Gaumm,  Loes.,  M,  ilic^olta,  Lam., 
M,  laiifolia,  Sw.,  M.  pallens,  Sm.,  M,  Rha£oma^  Sw. ;  MystroxyUm  pubescms^  Eckl.,  M*  sphaero- 
phyllum^  Eckl.  et  Zeyh.  /8  litorale,  Harv.  et  Sond. ;  Schaefferia  fiutescem,  Jacq. 

'  The  species  in  question  are  the  following:  Catha  ed$ilis,  Forsk.  (dust,  cryst.);  Denhamia 
obscuroy  Meissn.;  Elaeodendron  australe.  Vent.,  E,  capense,  Eckl.  et  Zcrh.,  E,  croceum^  DC., 
E,  gUtucum^  Pers.  (clust.  cryst.  or  solitary  and  clust.  cryst.),  E.  Uicifoliumy  Ten.,  E.  orietttaU,  Jacq., 
E.  papillosum^  Hochst.,  E,  ^adrangulatum,  Reiss.,  E.  Schweinjurthianum^  Loes.  (solitanr  and 
clust.  cryst.),  E»  ^^locarpum^  DC. ;  Euonymus  americanus^  L. ;  Gyminda  Grisebachii^  Sarg. ; 
Kurrimia  (according  to  Stenzel) ;  Lophopetalum  fimbriatum^  Wight,  Z.  Wighiianum,  Am. ; 
Maytenus  acanthophylla^  Reiss.,  M,  aquifolia.  Mart.,  M,  basidentata^  Reiss.,  M,  Catingarum^  Reiss., 
M.  horrida^  Reiss.,  M.  ilicifolia.  Mart.,  M,  laevis,  Reiss.,  M,  matrophylla^  Mart.,  M,  MUlleri, 
Schwadte,  M,  myrsinoides^  Reiss.,  Af,  obtusifolia^  Mart.,  M.  rigida^  Mart.,  M,  viscifrlia^  Griaeb.; 
Microtropis  bivahfis^  Wall.,  M,  densi/lora,  Wight,  M.  discolor^  WaU.,^.  latifolia,  Wl^ht,  M.  ovali- 
folia,  Wight;  Myginda  Crossopeialum,  L.,  M,  latifolia,  Sw. ;  Pleurostylia  Wightii,  Wight  et  Am. 
(acicnlar  cnrstals);  Siphonodon  celastrinus.  Griff,  (clost.  cryst.);  Wimmeria  serrulaia,  Radlk. 
(solitary  and  dost,  cryst.).  Except  where  there  is  a  special  statement  to  the  cootrary,  only  solitary 
crystals  are  present 
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in  species  of  Gymnosforia^  Maytenus  and  Mortoniay  while  the  mesophyll  is 
homogeneous  in  speaes  of  Gymnosporia^  Myginda  Gaumeri^  Loes.  and  Zino- 
wiewia  inUgerritna,  Turcz.  Other  noteworthy  features  are  :  palisade-cdls 
exhibiting  transverse  division  (in  species  of  Mortonia  and  PachysHma) ;  layers 
of  rather  stronglv  thickened  cells  (in  the  palisade-tissue  in  Elaeodendron  Schwein- 
furthianuntf  and  in  the  spongy  tissue  in  Maurocenia) ;  and  spicular  fibres 
(in  species  of  Gymnosporia^  Maurocenia^  Maytenus^  Microtropis,  Pterocdastrus^ 
and  Schaefferia ').  The  spicular  fibres  branch  off  from  the  sclerenchyma  of 
the  veins  and  penetrate  more  or  less  deeply  into  the  mesophyll ;  in  some  cases 
they  extend  as  far  as  the  epidermis,or  may  even  spread  out  between  the  epidermis 
and  the  mesophyll.    They  are  rarely  present  in  any  considerable  numbers. 

According  to  Pierre,  the  petiole  is  supplied  by  three  vascular  bundles  in 
Kurrimia^  but  only  by  a  sinc^le  bundle  in  Celasirus,  Elaeodendron,  Euonymus, 
Gymnospona,  Microtropis,  Pleurosiylia  and  Siphonodon,  The  vascular  S3^tem 
of  the  petiole  and  midrib  is  either  of  a  horseshoe  form  or  annular  and  closed. 
In  the  latter  case  medullary  vascular  bundles  are  occasionally  {Goupia,  Kur- 
rimia,  Lophopetalum)  found  within  the  vascular  ring,  and  in  Gouiia  glabra 
there  is  also  a  cortical  bundle  situated  in  each  of  the  two  angles  of  the  petiole. 
The  vascular  bundles  of  the  veins  are  for  the  most  part  accompanied  by  scleren- 
chyma. Vertical  transcurrence  of  the  smaller  veins  has  been  observed  m  species 
of  Cassine,  Plenckia,  Tripterygium  and  Wimmeria.  Enlarged  terminal  tracheids 
are  present  in  species  of  (joupia,  Myginda  and  Schaefferia,  while  similar  re- 
ticulately  thickened  cells  accompany  the  vascular  bundles  of  the  veins  in 
Polycardia  libera,  O.  Hoffm. 

The  description  of  the  structure  of  the  leaf  may  be  followed  by  a  general 
discussion  of  the  hairy  covering,  the  mode  of  deposition  of  oxalate  of  lime 
and  the  secretory  or^ms ;  these  will  be  taken  in  the  order  in  which  they 
have  been  named.  The  hairy  covering  does  not  include  glandular  hairs  \ 
The  clothing  hairs  are  confined  to  a  relatively  small  number  of  genera  and  only 
rarely  form  a  dense  covering.  The  most  widely  distributed  type  of  clothing 
hairs  are  short  unicellular  trichomes  (species  of  Euonymus,  Fraunhofera,  Goupia, 
Mystroxylon),  which  are  either  papillose  or  of  slightly  greater  length.  Tri- 
pterygium has  papillose  hairs  composed  of  one  or  two  cells,  while  in  Fraunhofera 
the  papilla-like  trichomes  are  accompanied  by  long  hairs,  which  are  either 
unicellular  or  multicellular  vdth  thin  transverse  walls.  Myginda  has  unicellular 
one-armed  hairs,  which  in  M.  iUcifolia,  Lam.  are  accompanied  by  unicellular 
trichomes  vath  two  arms.  In  Wimmeria,  lastly,  the  hau:s  are  tubtdar  multi- 
cellular structures  connected  by  numerous  transitional  forms  with  unicellular 
papillose  hairs.  In  W.  microphyUa,  Radlk.  they  are  commonly  seated  on  two 
basal  cells,  the  lower  of  which  bears  a  spinose  process  at  its  upper  end ;  in 
some  cases  this  process  is  strongly  developed,  so  that  forked  hairs  result. 

Oxalate  of  lime  is  deposited  in  the  form  of  sohtary  or  clustered  crystals, 
and  as  crystal-sand.  The  solitary  crystals  are  generally  rhombohedral,  almough 
sometimes  '  very  long '  (in  the  pahsade- tissue  of  Kurrimia)  or  '  rod-shaped ' 
(in  Fraunhofera^  or  'hastate  or  adcular '  (in  the  tissue  of  the  leaf  of  Gtosso- 
petalum  spinescens.  Gray  and  in  numerous  species  of  Maytenus).  The  crystal- 
sand  never  occurs  independently,  but  is  invariably  found  together  with  a  solitary 


>  viz. :  Gymnosp^ria  imarginata.  Roth,  G,  laurina,  Szysz.,  G,  evata.  Laws.,  (7.  R^yfeofui^ 
Wall.;  Maurocenia  Frangularia,  MilL;  Mdyienus  acanihophylia,  Reisg.,  M,  amazontca,  Bfart., 
Jif.  tatois,  RdM. ;  Microtropis  densiflora,  Wight,  M,  discolor.  Wall.,  M.  iati/olia,  Wight,  M.  ovali- 
folia,  Wight,  M,  ramiflora,  Wi^ht ;  Pteroalastrus  variabilis,  Sond.  var.  litoraHs  and  var.  obtusilobus^ 
P,  rostrtUus,  Walp. ;  Schaefftrtafrutesans,  Jacq. 

*  Stemel's  statement  re^uding  the  occnrrence  of  peltate  glands  in  Rhacoma  micropkyUa^  Loes. 
is  incorrect.  The  plant  examined  by  Stenzel  does  not  bdong  to  the  Celastrineae,  bat  is  probiU>l  j 
a  member  of  the  Verbenaceae. 
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or  clustered  crystal,  e.g.  in  species  of  ElaeodendroHy  Mauracenta,  Microiropis^ 
MorUmia^  MystroxyUm^  Siphanodon,  Within  the  limits  of  the  same  genus 
the  tissues  of  the  leaf  and  axis  in  some  cases  contain  either  solitary  crystals 
only  or  clustered  crystals  only,  or  the  two  forms  occur  side  by  side.  In  other 
genera  the  forms  of  crystals  found  in  the  leaf  and  axis  are  different  in  the  two 
cases ;  most  commonly  the  leaf  contains  clustered  crystals  only,  while  the 
axis  includes  both  soUtary  and  clustered  crystals.  In  Denkamia^  Kunimia^ 
Lophopetalum  and  Pleurostylia  soUtary  crystals  alone  are  present  in  the  leaf 
and  axis ;  vdth  these  genera  we  may  class  Frautihofera  and  Plenckia,  which 
likewise  have  soUtarv  crystals  only,  although  in  this  case  the  crptals  are  con* 
fined  to  the  leaf.  In  Euonymus,  dyptopdalum,  Pachystima^  PerrotteUa  and 
Tripterygium  only  clustered  crystals  are  found  in  the  leaf  and  axis  ;  in  Goupia 
also  only  clustered  crystals  have  been  recorded,  but  they  are  only  present  in 
the  leaf.  Finally,  soUtary  and  clustered  crystals  occur  side  by  side  in  both 
stem  and  leaf  in  Cassine^  Elaeodendron  and  Maurocenia.  The  occurrence  of 
oxalate  of  lime  in  the  epidermis  has  already  been  dealt  with  above.  Other 
features  requiring  mention  are  :  the  occurrence  of  relatively  large  crystal-idio- 
blasts  in  the  mesophyll  (species  of  Cassine,  Cathay  CdastruSy  EuonymuSy  &c.) ;  sep- 
tate palisade-cells,  the  chambers  of  which  contain  crystals  {Elaeodendron  capense. 
Vent.,  Mortonia  Greggiiy  Gray) ;  cells  with  unilateral  or  uniform  thickening, 
which  contain  soUtary  oyst^ds,  and  are  found  in  contact  with  the  epidermis 
on  both  sides  of  the  leaf  {Kurrimia) ;  the  occurrence  of  complete  layers  of  crystal- 
cells  in  the  mesophyll  {Pleurostylia  Heynei^  W.  et  A.,  Pterocelastrus  iricuspidaius, 
Sond.). 

Among  the  secretory  organs  we  may  first  discuss  the  long  secretory  sacs 
occurring  in  species  of  Celastrus^  Euonymus  and  Wimmeriay  as  weU  as  in  Mystro* 
xylon  eucleaeformey  Eckl.  et  Zeyh.  In  Celasirus  (C.  acuminatuSy  L.  f .)  they  were 
met  with  by  Gerhard  in  the  veins  of  the  leaf  (in  the  pericycle).  In  Euonymus 
(E.  alaia^  Tnunb.,  E.  americanusy  L.*,  E.  airopurpureuSy  Jacq.,  E.  europaeus,  L., 
E.  japonicuSy  Thunb.,  E,  latifolius,  L.,  E.  verrucosus^  Scop.),  according  to  Col, 
they  are  confined  to  the  bast  of  the  stem  and  root  and  are  not  found  in 
the  leaf  ;  the  secretory  sacs  of  the  stem  are  distinguished  by  their  late  appear- 
ance, so  that  they  are  not  met  with  in  the  young  branches.  In  Wimmeria 
they  were  first  observed  by  Radlkofer  in  the  oast  of  the  axis  and  the  veins  of 
the  leaf.  Metz  publishes  further  details  as  to  their  distribution  in  the  leaf. 
According  to  him  the  secretory  sacs  are  for  the  most  part  restricted  to  the 
veins  andf  occur  in  the  position  usuaUy  occupied  by  the  hard  bast.  They  are 
found  exclusively  at  these  points  in  W.  confusa,  Hemsl.,  W,  microphyUa,  Radlk., 
W.persicifolia,  Radlk.,  W.pubescens,  Radlk.  and  W.  serrulaia,  Radlk.,  while 
in  W.  concolor,  Cham,  et  Schlecht.,  W.  cyclocarpa,  Radlk.  and  W.  discolor, 
Cham,  et  Schlecht.  they  also  run  freely  in  the  palisade  and  spongy  tissues.  The 
secretory  sacs  of  Mystroxylon  eucleaeforme  show  a  distribution  similar  to  that 
recorded  in  Wimmeria  concolor,  Sec.  In  nearly  all  the  species  (excepting 
Wimmeria  pubescens)  the  contents  of  these  secretory  sacs  are  of  the  nature  of 
caoutchouc,  and  are  drawn  out  in  the  form  of  threads  ('  spinning '),  when  organs 
containing  large  numbers  of  the  sacs  are  broken  in  two.  The  secretory  canals 
of  Mortonia  Greggii,  Gray  run  at  the  sides  of  the  veins  and  are  found  especially 
within  the  indupUcate  margins  of  the  leaves  ;  the  soUd  yellowish  contents  are 
soluble  in  alcohol  and  Eau  de  Javelle.  Similar  secretory  canals, 'which,  however, 
had  no  contents,  have  been  observed  within  the  dupUcate  margins  of  the 
leaves  in  Pachystima  Canbyi^  Gray  and  P,  Myrsinites,  Raf .    Metz  mentions  the 


'  The  *  metamorphoied  fibres*  of  SucttymMs  obowUm^  Natt  (b^.  atMricanm),  mentioiied  by 
Moller,  are  identical  with  the  caoutchouc-sacs  above  discnoed. 
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occurrence  of  tannin-idioblasts  in  the  mesophyll  in  certain  species  of  Cassine, 
Euonymus,  Maytenus^  Microtropis,  Myginda^  Packystima,  Siphonodon,  Wim- 
meria  and  Zinowiewia  ;  these  elements  are  distinguished  from  the  surrounding 
cells  by  their  size  or  shape,  and  in  some  cases  also  by  the  thickening  of  the  wsdl. 

Structure  of  the  Axis.  The  following  facts  may  be  added  to  the  section 
dealing  vdth  the  structure  of  the  wood  (Syst.  Anat.,  p.  213)  on  the  basis  of 
Stenzel's  work.  The  diameter  of  the  vessels  varies  from  -013  (Glossopetalum) 
to  -084  nmi.  (Goupia),  Exclusively  scalariform  perforations,  previously  recorded 
in  Elaeodendrofiy  Goupia  and  Kurrimia,  are  found  also  in  PerroUdia  (vdth  30-40 
bars) ;  as  in  the  case  of  Elaeodendron  glaucum,  the  scalariform  perforations 
found  in  Glossopetalum  spinescens^  Gray  are  confined  to  the  neighbourhood 
of  the  primary  wood.  The  type  of  perforation  in  the  vessels  has  recently 
been  employea  by  Loesener  as  a  distinguishing  character  between  Elaeodendron 
(with  scalariform  perforations,  rarely  accompanied  by  simple  ones)  and  Cassine 
(with  exclusively  simple  perforations).  Spiral  thickening  of  the  walls  of  the 
vessels  is  found  also  in  certain  species  of  Euonymus,  Maytenus,  Mortonia^ 
Pachystima  and  Tnpterygium^.  Apart  from  the  species  of  Microtropis^wood" 
parenchyma  is  present  in  considerable  amount  also  in  species  of  Cassine,  Goupia, 
nartogia,  Kurrimia  and  PerroUetia. 

Stenzel's  investigations  on  the  structure  of  the  cortex  have  afforded  the 
following  results.  In  most  of  the  genera '  the  cork  develops  in  the  subepidermal 
layer  of  cells,  but  it  arises  in  the  epidermis  in  EuonymuSy  in  the  second  cell-^yer 
of  the  primary  cortex  in  Elaeodendron,  in  the  third  in  Lauridia,  and  in  a  still 
deeper  layer  in  Myginda  and  Tripterygium,  The  cells  of  the  cork  are  generally 
tabular,  and  for  the  most  part  have  thin  walls  ;  cork-cells  exhibiting  one-sided 
sclerosis  (viz.  on  the  inner  tangential  walls)  are  found  also  in  species  of  Elaeo- 
dendron,  Kurrimia  and  Maytenus,  The  mechanical  elements  of  the  cortex 
are  represented  by  bast-fibres  and  stone-cells,  but  in  some  cases  (Pachystima 
MyrsinUes,  Raf.,  Tripterygium  Wilfordi,  Hook,  f.,  Wimmeria  discolor,  Cham, 
et  Schlecht.)  they  are  altogether  absent.  The  pericycle  very  often  contains 
isolated  groups  of  bast-fibres  or  an  interrupted  ring  of  fibres,  while  in  Fraunho' 
fera  muUiflora,  Mart.,  Maurocenia  Frangularia,  MiU.,  &c.,  it  includes  a  composite 
and  continuous  ring  of  sclerenchyma.  Stenzel  particularly  mentions  the  occur- 
rence of  secondary  hard  bast  in  Denhamia  obscura,  Meissn. 

According  to  Stenzel,  the  pith  is  homogeneous  in  most  of  the  Celastrineae. 
A  heterogeneous  pith  is  present  only  in  a  few  genera,  such  as  Lophopetalum, 
Microtropis,  Perrotteiia,  Polycardia,  and  Pterocelastrus,  while  in  Gymnosporia, 
for  example,  the  pith  may  be  homogeneous  or  heterogeneous ;  Tripterygium 
Wilfordi  has  an  empty  pith.  Groups  of  stone-cells  are  found  in  the  pith  in 
many  species  of  Maytenus  and  in  Kokoona  zeylanica,  Thw.  Regarding  the 
formation  of  peculiar  cavities  (initiated  amongst  cells  containing  clustered 
crystals)  in  the  pith  of  Euonymus  europaeus,  see  Kassner,  loc.  cit. 

literature:  Kasner,  Mark  einig.  Holzpfl.,  Diss.,  Basel,  1884,  pp.  19-ax. — ^Nanke,  Dikotyle 
Holzpfl.,  Diss.,  Kooiffsberg,  1886.  p.  6.— Gregory,  Coric-wingt,  Bot  Gazette,  1888,  pp.  3x3-16 
(£titmymus),--C*  de  CandoUe,  Inflor.  ^piphvUes,  Mim,  Soc  de  phyt.  et  d'hist.  nat  Genere,  1890^ 
sQppl.  Tol.,  sep.  copy,  p.  x8  et  seq. — Pierre,  Flore  forest,  de  la  Cochinchine,  xix,  1803.— Stenzel,  Anat. 
d.  LanbbL  n.  Stamme  der  Celastr.  n.  Hippocrateaceae,  Diss.,  Erlangen,  without  date,  communicated 


*  viz. :  Emoftymus  alata,  Koch,  E.  OMgusiifolia,  Vill.,  E,  €Uropurpurea^  J<^*»  E.  fimbriaia^ 
WalL,  E,  gurcinioidts^  Roxb.,  E,  Japonua^  Thunb.,  E,  latifolia^  Scop.,  E.  nana^  Bieb.,  E,  occi- 
dentalis,  Nntt,  E,  paucijhra,  Maxim.,  £,  pendula.  Wall.,  £.  vehtttna,  F.  et  M.,  E,  verrucosa^ 
Scop. ;  Maytenus  tlicifiiia.  Mart. ;  MorUmia  Grtggiiy  Gray,  M.  scabrella^  Gray ;  Pachystima 
Myrsimtes^  Raf. ;  TripUrygium  Wilfordi^  Hook.  f. 

*  These  genera  are:  Cassine ^  Catka,  Ceiastrus,  Ditthamia, Fraunkofera,  Goupia,  Gymnosporia ^ 
Hartcgia,  Kokoona,  Kurrimia,  Lophop^alum,  Maytenus,  Microtr^is,  Mortoma,  Pachystima, 
PUnckia^  PUurostylia,  Polycardia,  Pterocelastrus,  Putter lickia,  Schaejferia,  IVimmeria, 
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to  the  university  of  Erlaogen  in  1893-3,  91  pp. — Loesener,  in  Engler  and  Prantl,  Nachtr.  s.  Tdl 
iii-iy,  1897,  p.  223. — Boemsen  og  Paulsen,  Veget.  dansk.-Testind.  Oer,  Bot.  Tidssloift,  zxii,  1898-0, 
pp.  98  {Myginda  ^a/lgns,  Sm.)  and  loi  {^Eiaeodendrm  xyiocarpum^  DC). — Beitter,  Catha  edults. 
Diss.,  Strassbuig,  1900,  pp.  40-3.— Col,  Lactidf^res  k  contenu  sp^ial  dans  les  Fusains,  Comptes 
rendus,  Paris,  cxzxii,  1 901,  pp.  1354-6. — ^Petersen, Vedanatomi,  1901,0. 49.— Pitard,  P^iicyde,  These, 
Bordeaux,  1901,  p.  38.— Bouyeues,  Pdtiole,  Th^  Paris,  190a,  p.  lO.—Gcrhard,  BlattanaL  t.  Gcw. 
des  Knvsnawaldes,  Diss.,  Basel,  190a,  pp.  14-ao  {Celastrus,  ElaePtUndron,  /^erocelastrus),-^Meiz, 
Anat  d.  LanbbL  d«  Celastrineen  etc.,  Diss.,  Erlangen,  1903,  78  pp. ;  sep.  copy  from  Bdh.  z.  bot. 
Centralbl.,  zr.— Siissencuth,  Behaarungsverb.  d.  Wiirzb.  Muschelkalkpfl.,  Diss.,  WOrzbug,  1904, 
p.  as.— Th^orin,  Vaxttnchom.,  Arkiv  f.  Bot.,  iii,  1904,  p.  5.~Areschou^,  Trop.  viUt.  bladbyggn., 
Sv.  Vet  Akad.  HandL,  39,  n.  a,  1^5,  pp.  131-3  (C«/bi/rt»).— Picdoli,  Legnami,  Bull.  Siena,  1906, 
p.  166. — [HoUendonner,  Kork  einiger  Eiwiymm-Axtai,  Novl.  Kozl.  Bdbl.,  vi,  1907,  pp.  [1H3].] 

[HIPPOCRATEACEAE  (pp.  214-217). 

The  necessity  for  a  detailed  investigation  of  the  anatomical  features  in 
this  Chrder  induced  F.  E.  Fritsch  to  undertake  work  in  this  direction.  The 
foUowin^  statements  are  based  on  his  paper  as  well  as  on  Stenzel's  dissertation, 
with  which  I  only  became  familiar  after  the  publication  of  the  main  portion 
of  this  book. 

The  CHARACTERS  mentioned  (on  p>.  214)  as  conmion  to  the  Hippocrateaceae 
as  the  result  of  a  preliminary  investigation  of  Hip^ocratea  and  Salacia  have 
on  tiie  whole  been  proved  to  be  of  general  appUcation,  and  apply  also  to  the 
genus  Campylostemon,  According  to  Fritsch,  however,  a  composite  and  con- 
tinuous ring  of  sclerenchyma  occurs  in  the  pericycle  in  certain  species  of  Hippo- 
craUa  and  Salacia,  and  the  development  of  the  cork  may  take  place  in  deeper 
cell-layers  of  the  primary  cortex.  A  new  ordinal  character  mentioned  by 
Fritsch  is  the  frequent  occurrence  of  small  caoutchouc-bodies  in  the  ceUs  of  the 
mesophylly  these  bodies  being  either  soluble  or  insoluble  in  ether.  According 
to  Fntsch,  hj^xKierm  occurs  also  in  Salacia  and  Campylosiemon,  while  crystal- 
cells  are  met  with  in  the  epidermis  of  the  leaf  in  Salacia  as  well.  The  caout- 
chouc-tubes are  found  in  species  of  HippocraUa  and  Salacia  ;  tannin-sacs  are 
present  in  the  bast  in  species  of  the  same  two  genera,  while  special  tannin- 
idioblasts  are  met  with  in  the  mesophyll  in  species  of  HippocraUa  only.  Special 
anatomical  features  occurring  in  certain  species  are  as  follows  : — characteristic 
unicellular  papillose  hairs  (HippocraUa  asfera.  Lam.) ;  stellate  hairs  with 
uniseriate  ravs  (H.  velutina,  Atz.) ;  unisenate  hairs,  some  of  which  have  a 
pecuUar  basal  portion  with  transverse,  closely  placed  septa  (H.  ioiricha,  Loes.) ; 
pitting  of  the  outer  walls  of  the  upper  epidermal  cells  of  tiie  leaf  {Salacia  oMonga, 
Wi|^ht) ;  branched  or  unbranched  sclerosed  cells  belonging  to  the  mesophyll, 
or  m  other  cases  spicular  fibres  connected  with  the  sclerench3mia  of  the  veins 
(species  of  Salacia) ;  mucilage-cells  in  the  mesophyll  {HippocraUa  vehdina, 
Aiz.) ;  cork-warts  on  the  lower  side  of  the  leaf  (besides  occurring  in  Salacia 
attenuatay  Peyr.,  also  in  5.  obovata,  Peyr.). 

Structure  of  the  Leaf.  The  epidermal  cells  of  the  leaf  exhibit  diverse 
features  as  regards  their  shape  when  seen  in  surface- view,  their  height,  the  size 
of  their  lumina,  and  the  nature  of  the  inner  and  outer  walls  :  for  mf ormation 
on  these  points  Fritsch's  paper  must  be  referred  to.  The  absence  of  gelatiniza- 
tion  in  the  epidermis  and  the  scarcity  of  markings  on  the  cuticle  (striation 
in  a  few  speaes  of  Salacia)  are  noteworthy  features.  The  presence  of  pits  in 
the  outer  walls  in  5.  oblonga  and  the  occurrence  of  cork- warts  have  already  been 
mentioned  above.    The  crystal-cells  found  in  the  epidermis*,  and  likewise 


^  Fritsch  ^ves  the  following  mopds  of  the  occurrence  of  crystals  in  the  epidermis :— (i)  Crystals 
in  ordinary  epidermal  cells :  (a)  Solitary  crystals :  Hippocratea  tupera.  Lam.,  If,  lnpindensis\  Loes., 
H,  micrantka^  Camb.,  H,  obtusifoHa,  Roxb.  rar.  barbata^  Benth.,  H,  viluHna^  Afe. ;  Salacia 
KroMSsii,  Hocfast,  S.  Staudtiana,  Loes.     {6)  Clustered  crystals:   Hippocratea fiucescem,  Kuix, 
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referred  to  in  the  preceding  paragraph,  contain  solitaiy  or  clustered  crystals. 
They  are  either  orcunary  epidermal  cells  or  are  distinguished,  not  only  by  their 
contents,  but  also  betray  their  differentiation  as  idioblasts  by  their  shape  or 
small  size,  or  in  some  cases  by  stronger  thickening  of  the  inner  walls.  In  the 
genus  HippocraUay  in  which  by  far  the  larger  numbers  of  species  possess  these* 
crystal-cells  (exceptions :  H.  Bojeri,  Tul.,  H,  ovata.  Lam.,  H.  pachnocarpa, 
Loes.,  H.  scandens,  Jacq.),  they  are  very  commonly  found  in  groups  of  two  or 
more,  while  in  Salacia  they  are  mostly  isolated.  Before  leaving  this  subject 
we  may  mention  the  occurrence  of  *  aacular  crystals  in  the  epidermal  cells '  in 
Stdacia  cognaia,  Peyr.  and  5.  Martiana,  Peyr.  Hypoderm  ^  as  a  rule  is  present 
only  on  the  upper  side  of  the  leaf  and  is  specially  widely  distributed  in  the 
genus  HippocTiUea,  It  consists  of  one  or  two  layers  ;  the  wdls  of  the  Yxmo-' 
dermal  ceUs  vary  in  thickness,  and  the  cells  themselves  may  be  larger  or  smaUer 
than  the  epidermal  cells.  The  stomata  are  generally  confined  to  tne  lower  side 
of  the  leaf  (exceptions  :  HippocraUa  cdastroides,  H.  B.  K.,  H,  tenuiflora.  Mart., 
CampylosUmon  Wameckeanum,  Loes.).  As  a  rule  they  have  no  special  neigh- 
bounng  cells,  but  in  exceptional  cases,  namely  in  certain  species  of  Hipbocratea, 
and  especially  of  Salacia,  as  well  as  in  CampyhsUmon^  subsidiary  cells  occur. 
In  most  of  these  cases  the  pairs  of  guard-cells  are  surrounded  by  one  or  rarely 
(Salacia  dulcis,  Benth.)  two  rings  of  four  cells  of  which  two  are  placed  paralld 
to  the  pore;  the  latter  are  occasionally  very  narrow  and  are  divided  by 
walls,  which  are  parallel  to  the  pore,  or  even  at  right  angles  to  it.  The  meso- 
phyll  is  generally  bifacial  in  structure ;  it  is  subcentric  only  in  a  few  species  of 
HippocraUa  and  Salacia.  Regarding  the  sclerenchymatous  elements  found  in 
the  mesophyll  the  following  facts  may  be  mentioned.  In  their  simplest  form 
they  appear  as  enlarged  and  pitted  cells  of  the  mesophyU,  which  do  not  show 
any  striking  difference  in  shape  (Salacia  aitenuata,  Peyr.,  5.  fluminensis,  Pevr., 
5.  laevigata,  DC.,  5.  silvestris,  Walp.).  With  these  we  may  associate  branched 
spicular  cells,  which  are  not  connected  with  the  sclerenchyma  of  the  vascular 
system  (Salacia  dulcis,  Benth.,  5.  lacunosa,  Peyr.,  5.  laevigata,  DC.,  5.  obovata, 
Peyr.),  and  spicular  fibres  (S.  amygdalina,  Peyr.,  5.  crassifdia,  Peyr.,  5.  eUipiica, 
Peyr.,  S.  gUmerata,  Peyr.,  S.  grandiflora,  Peyr.,  5.  grandifolia,  Pe^.,  5.  pachy^ 
phylla,  Peyr.),  which  branch  off  from  the  sclerenchyma  of  the  veins,  traverse 
the  mesopnyU  in  all  directions,  and  frequently  form  such  a  dense  plexus  beneath 
the  epidermis  that  a  kind  of  hj^poderm  results.  The  small  vcdns  of  the  leaf 
are  embedded  in  the  mesophyll.  There  is  usually  no  development  of  scleren- 
chyma in  the  veins.  A  hairy  covering  is  rare  among  the  Hippocrateaceae,  and 
has  only  been  demonstrated  in  a  few  species  of  HippocraUa.  The  extremely 
small  papillose  hairs  of  H.  aspera.  Lam.  (?)  are  conical  in  shape,  and  have  only 
a  smsol  lumen,  which  is  compressed  into  the  lower  portion  of  the  trichome ; 


J/.  Grakami,  Wight,  If.  indica,  WSlld. ;  S€Uacia  dulcis,  Benth.»  S.  ^duuemu,  Loes.,  S.  iamgata, 
DC.,  S.  Hoxbur^ii,  Wall.,  S.  tortmsay  Griff.,  .S*.  verrucosa,  Wigfau  (a)  CrysUls  in  special  crystal- 
oellt :  («)  Solitary  crystab:  Hippocrotea  campestris,  Peyr.,  H.  ctlasiroides,  H.  B.  K.,  H.jfaccida, 
Peyr.,  II.  GrisebackU,  Loes.,  H.  i/mmUda,  Mart.,  H.  UmtyUra^  Mart,  H.  Warmiupi,  Perr., 
II.  WihoiUchii,  EogL  (according  to  Fritsch,  p.  51,  whilst  on  p.  66  he  speaks  of  clostered  crystals) ; 
Salacia  Zcyhiri,  Spreng.  (b)  Clustered  cryttals :  HippocraUa  arUrta,  Roxb.,  H.  exceisa,  H.  B.  K., 
II.  imUca,  WiUd.,  II.  ioiricha,  Loes.,  II.  obiusifoiia,  Roxb.,  II.  Schimperiana,  Hochst. ;  Saiacia 
^^aoisamt,  Knn,  S.fhrikumda,  W.  et  A.  var.  Jenn^ara,  Wall,  S.  mimninsit,  Loes.  It  may  be 
added  that  SteoKl  also  records  solitary  crystals  in  the  epidermts  in  Hippocratea  Jlorilnmda,  Boith. 
and  H.  verrucosa,  Griseb. 

^  A  hypoderm  occurs  in  :  Hippocratea  arhorea,  Roxb.,  H.  aspera.  Lam.,  H.  Boferi,  ToL, 
H.  ceiasiroiJes,  H.  B.  K.,  H.  exceisa,  H.  B.  K.,  H.  ftaccida,  Peyr.,  H.  Grakami,  Wight,  H.  Grise- 
baekU,  Loes.,  H.  inundaia,  Mart.,  H.  obtusifolia,  Roxb.  var.,  H.  ovaUs,  Lam.,  H  pachmcarpa,  Loes., 
H.  scatniens,  Jacq.,  H.  velutina.  Ah.,  H.  verrucosa,  Griseb.,  H.  IVarmingii,  Peyr.,  H.  Welwitschii, 
EngL ;  according' to  Pierre  also  in  H.  cambodiana,  Pierre,  H.  CAessiana,  Pierre,  H.  dinhensis,  Pierre ; 
finrtoer,  Salacia  Regeliana,  F.  Br.  et  K.  Sch.,  S.  Zeykeri,  Spreng. ;  Campyhstemon  Wameckeanmm, 
Loes. 
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882  ADDENDA— HIPPOCRATEACEAE 

they  are  silicified  and  are  the  cause  of  the  rough  surface  of  the  leaf.  In  addition 
to  the  stdlate  hairs  described  above,  H.  vdidinUf  Afz.  possesses  simple  uniseriate 
trichomesy  corresponding  in  structure  to  the  rays  of  the  stellate  hairs.  The 
uniseriate  hairs  found  in  H.  iotricha^  Loes.  are  characterized  by  the  fact  that 
their  basal  portion,  which  is  sunk  in  the  epidermis,  is  divided  by  numeroos 
transverse  walls,  following  very  closely  upon  one  another  ;  the  lower  part  of 
the  free  body  of  the  hair  likewise  consists  of  short  cells. 

Among  the  secretory  organs  the  caoutchouc-tubes  in  particular  require 
discussion.  Fritsch  has  investigated  the  detaib  of  their  distribution  and  the 
exact  nature  of  their  contents.  Theyare  found  both  in  species  of  Hippocraiea 
and  Salacia,  and  in  CampylosUmon  Wameckeanum.  In  some  of  the  species  ^ 
they  have  been  observed  only  in  the  axis,  while  in  others '  they  are  present 
both  in  the  axis  and  in  the  leaf.  The  caoutchouc-tubes  of  the  axis  are  generally 
situated  in  the  soft  bast  and  pericyde  ;  in  the  latter  case  they  are  sometimes 
surrounded  by  hard  bast.  In  Salada  Regeliana  they  are  also  found  in  the 
interxylary  phloem.  They  are  rarely  (5.  obavaia  and  S,  serraia)  present  in  the 
primaiy  cortex.  In  the  leaf  the  caoutchouc-tubes  are  found  mainly  in  the  soft 
bast  of  the  veins  or  in  connexion  with  the  bast,  viz.  either  in  the  immediate 
neighbourhood  of  the  hard  bast  or  between  the  cells  of  the  latter,  often  taking 
their  place.  In  most  of  the  species  (all  those  named  except  Hippocraiea  pachno- 
carpa  and  Salada  micrantha)  the  caoutchouc-tubes  accompansing  the  veins 
send  out  branches  into  the  mesophyll.  On  the  grounds  of  an  investigation 
of  the  embryo  of  Hippocraiea  ovaia  Fritsch  regards  the  caoutchouc-tubes  of 
the  Hippocrateaceae  as  being  of  the  nature  of  laticiferous  cells.  They  have 
thin  walls  and  a  small  diameter  and  are  branched,  but  do  not  anastomose. 
Their  bright,  doubly  refracting  contents  are  constituted  by  threads  of  caout- 
chouc, which  produce  the  phenomenon  of  '  spinning '  when  the  organs  con- 
taining these  caoutchouc-tubes  are  broken  in  two ;  the  two  ruptured  surfaces 
are  then  seen  to  be  connected  by  deUcate  elastic  threads  of  caoutchouc,  which 
are  capable  of  considerable  extension.  In  concluding  the  discussion  of  llie  long 
caoutchouc-tubes  we  may  note  that  rows  of  shorter  cells  containing  caoutchouc 
are  found  in  No.  547  b,  as  well  as  in  Nos.  519  and  632  of  H.  Schenck's  collection 
of  stems  ;  accordingto  Fritsch  these  stems  certainly  belong  to  members  of  the 
Hippocrateaceae.  The  occurrence  of  mucilage-cdls  in  the  mesophyll  has 
already  been  referred  to  above.  According  to  Fritsch  the  tannin-sacs  first 
noticed  by  me  in  Salada  grandifolia,  Peyr.  are  widely  distributed  in  the  Order ; 
they  are  situated  in  the  neighbourhood  of  the  pencydic  hard  bast  or  in  the 
secondary  soft  bast ;  the  longest  sacs  of  this  kmd  were  observed  by  Fritsch 
in  Salada  micranihay  Peyr.  Finally  we  may  point  out  that  in  the  leaves  of 
certain  spedes  of  Hippocraiea  the  tannin  is  localized  in  certain  layers  of  the 
mesophyll  or  is  confined  to  the  spongy  tissue  {H.  Bojeri,  Tul.,  H.  inaica^  Willd., 
H.  obtusifolia,  Willd.  var.  barbaia,  Benth.,  H.  Schimperiana,  Hochst.,  H.  War- 
mingii,  Peyr.,  H.  Welwiischii,  Engl.). 

The  vascular  system  of  the  petiole  shows  varying  differentiation.  It 
consists  either  of  a  horseshoe-like  group  of  vascular  bundles  (e.g.  in  Hippo- 
craiea ovaia.  Lam.  or  Salada  Calypso,  DC.),  or  of  a  ring  of  bundles  endosing 
an  inversdy  orientated  medullary  plate  of  wood  and  bast  (e.g.  in  5.  micraniha, 
Peyr.),  or  of  a  flattened  ring  of  bundles  with  3-4  inversdy  orientated  cortical 
bundles  on  its  upper  side  (e.g.  in  S.  crassifolia,  Peyr.). 


*  viz. :  Hippocraiea  aspera.  Lam.,  H,  oUusifoHa^  Roxb.,  H,  Warmiftgu^  Peyr.;  Saldoa  at" 
Unuata,  Peyr.,  S,Jiumimnsis,  Ftyr,,  S,  pHnMes,  Jack,  S,  tortuosaj  Griff. 

*  viz. :  Hippocratta  ovata.  Lain.,  fl.  pachnocarpa,  Loet. ;  Campyhstemon  Wanuckeanum, 
\A)ez.i  Salada  anomala,  Peyr.,  S,  Calypso ,  DC.,  S.  Kraussii,  Hochtt.,  S,  macroearpa,  Wclw., 
.S".  micrantha,  Peyr.,  S,  obovaia,  Peyr.,  S,  RegeHana,  F.  Br.  et  K.  Sch.,  S,  serrata,  Camb. 
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Structure  of  the  Axis.  With  reference  to  the  structure  of  the  wood 
the  following  information  may  be  added.  The  vessels  lie  isolated  or  in  pairs 
in  a  transverse  section  of  the  branch ;  their  diameter  may  be  as  mudi  as 
•II— 16  nmi.  in  thick  stems.  Wood-parenchyma  is  as  a  rule  found  only  in  the 
neighbourhood  of  the  vessels. 

According  to  Fritsch  and  Stenzel  the  cork  occasionally  develops  in  the 
second  layer  of  cells  of  the  primary  cortex,  and  according  to  Stemsel  even  in 
the  third  or  fourth  layers.  The  cells  of  the  cork  have  rather  wide  lumina ; 
their  walls  are  either  thin  or  exhibit  uniform  or  unilateral  thickening,  the  latter 
affecting  the  inner  or  rarely  the  outer  tangential  walls.  According  to  Fritsch, 
the  pericycle  in  Campylostemon^  and  in  some  of  the  species  of  Hippocfaiea  and 
SalaciOj  contains  isolated  groups  of  bast-fibres,  which  are  more  or  less  approxi* 
mated  to  one  another ;  in  the  remaining  species  of  HippocraUa  and  Salacia 
there  is  a  composite  and  continuous  ring  of  sclerenchyma.  The  primary  cortex 
frequently  includes  branched  stone-cdls,  especially  in  its  inner  portion.  In 
many  species  the  secondary  cortex  contains  hard  bast-fibres,  and  branched 
sderencnymatous  cells  also  occur,  e.g.  in  HippocraUa  pachnocarpa,  Loes.  or 
Salacia  (Jbovaia^  Peyr.  A  specially  noteworthy  feature  is  found  in  the  penetra- 
tion of  sclerosed  tissue  belonging  to  the  medullary  rays  of  the  cortex  mto  the 
medullary  rays  of  the  wood  m  nifpocraiea  Bojeri^  Tul. ;  hand  in  hand  with 
this  goes  a  sinuation  of  the  edge  01  the  cambium,  the  convexities  of  which  are 
directed  towards  the  pith. 

The  pith  in  some  cases  (HippocraUa  pachnocarpa^  Loes.,  Salacia  micrafUha^ 
Peyr.)  contains  stone-cells. 

literatuie :  Stenzd,  Anat  d«  LanbbL  u.  Stamme  d.  Celastnceae  n.  Hippocrateaoeae,  Din. 
...  ^    ^     p.^^     ^        ...- 

in,  i8< 
.-tyst. 

ii,  1903,  pp-  35-30. — Areschoug,  TSrop.  vaxt  Uadbyggn.,  Sv.  Vet.  Akad.  Handl.,  39,  n.  2,  1905, 


(aep.  copy  from  Bdh.  z.  bot  Centialbl.,  zi).^Haberlaiidt,  Sinnesorgane,  1901,  p.  134.— Pitard, 

«...-...       ^     ,  ^  ,.     ,     ^         ,         .       .     .^  j^^     :^      .     . 

.  I903>  PP-  25-30 
pp.  91,  93  (Salaa'a), 


^^cycle,  Tb^,  Bordeaux,  1901,  p.  39. — F.  K  Fritsch,  Caontchoac  in  plants,  New  Phytologist, 


PENTAPHYLACACEAE. 

The  monotypic  genus  Pentaphylax  (with  P.  euryoides,  Gardn.  et  Champ.), 
which  is  ref errea  to  the  Temstroenuaceae  by  Bentham  and  Hooker,  has  recently 
been  regarded  as  the  type  of  an  independent  Order  by  Engler  and  Van  Tie^hem ; 
according  to  the  former  it  has  affinities  mth  the  Coriarieae,  while  Van  Ti^hem 

?)laces  it  near  the  Cdastrineae.  P^itto^Ay^o^  exhibits  the  following  anatomical 
eatures : — simple,  unicellular  clothing  hairs ;  mudlage-cells  in  the  primary 
cortex ;  deposition  of  oxalate  of  lime  in  the  form  of  solitary  and  austered 
crystals ;  a  composite  and  continuous  ring  of  sclerenchyma  in  the  pericyde  ; 
and  subepidermal  cork-development. 

The  following  facts  may  be  mentioned  regarding  the  Structure  of  the 
Leaf.  The  leaves  are  bifacial  and  have  a  gelatinized  epidermis.  Themesophyll 
contains  solitary  crystals.  Stomata  are  found  only  on  the  lower  side  of  the  leaf. 
A  single  large  arc-shaped  vascular  bundle  passes  out  into  the  leaf.  The  vascular 
bundles  of  the  veins  are  provided  with  a  sheath  of  sclerenchyma. 

Structure  of  the  Axis.  The  cork  consists  of  cells  with  thin  walls. 
The  primary  cortex  contains  relatively  large  cells,  which  have  thin  walls  and 
hyaline  mucilaginous  contents,  and  are  either  isolated  or  combined  to  form 
groups.  The  endodermis  is  not  distinctly  differentiated,  but  each  of  its  cells 
contains  a  solitary  crystal.  In  voung  branches  the  pericycle  is  formed  by 
a  ring  of  fibres,  which  subsequently  becomes  replaced  by  a  composite  and  con* 
tinuous  ring  of  sclerenchyma.    There  is  no  secondary  hard  bast.    Oxalate  of 
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884  ADDENDA— PENTAPHYLACACEAE 

lime  occurs  in  the  iorm  of  solitary  crystals  in  the  soft  bast  and  in  the  form  of 
clustered  crystals  in  the  lignified  pith  and  in  the  medullary  rays  oi  the  lM»t.  In 
thicker  branches  sclerosed  cells  are  also  present  in  the  primary  cortex  and  in 
the  medullary  rays  of  the  bast. 

Uteratiue :  Van  Tiegfaem,  PentaphjUoe  et  Corynooffpe,  Jotm.  de  bot,  1900,  pp.  188-95. 

CORYNOCARPACEAE. 

This  Order,  which  is  referred  to  the  Sapindales  by  Engler,  and  is  i^bced 
near  the  Geraniales  by  Van  Tieghem,  consists  <Hily  of  the  genus  Carynocarpus 
with  C.  laevigaius,  Forst.  and  C.  simiUs,  Hemsl. ;  the  anatomy  of  the  first  of 
these  species  has  been  investigated.  The  special  anatomical  characters  of 
thb  species  are :  absence  of  secretory  receptades ;  stomata  of  the  Rubiaceous 
type  ;  vessels  with  simple  perforations  ;  wood-prosenchyma  bearing  simple 
pits ;  subepidermal  development  of  the  cork ;  isolated  groups  of  bast-fibres 
m  the  pericycle ;  clustered  and  solitary  crystals  of  oxalate  of  lime. 

Structure  OF  THE  Leaf.  The  leaf  is  bifacial  in  structure.  Themesophyll 
contains  clustered  crystals.  A  hypoderm  composed  of  one  cht  two  laj^  is 
found  on  the  uf^per  side  of  the  leaf,  while  the  lowest  layer  of  the  spongy  tissue 
is  differentiate  so  as  to  resemble  a  hypoderm.  The  stomata  are  confined  to 
the  lower  epidermis  and  are  bordered  by  two  subsidiary  cells  placed  parallel 
tothep(M-e.  Three  vascular  bundles  pass  out  into  the  leaf  ;  of  these  the  median 
one  divides  into  five  bundles,  which  form  an  arc  open  on  its  upper  side. 

Structure  of  the  Axis.  The  cork  consists  of  cells  with  thin  walls  and 
develops  in  the  second  cell-layer  of  the  primary  cortex.  PheUoderm  is  present 
and,  like  the  primary  cortex,  contains  clustered  crystals  and  in  later  stages 
sclerosed  cells  as  weU.  The  endodermis  is  not  distinctly  differentiated.  At 
the  inner  ends  of  the  vascular  bundles,  which  are  separated  by  broad  medullary 
rays,  there  are  strands  of  fibres  analogous  to  the  groups  of  peric}^c  bast-fibres 
and  corresponding  in  position  to  them.  The  medullary  rays  of  the  bast  contain 
clustered  crystals,  while  those  of  the  wood  have  large  solitary  crystals.  There 
is  no  secondary  hard  bast.  The  main  mass  of  the  wood  is  composed  of  fibres, 
which  may  eillier  have  thick  or  thin  walls.  The  pith,  the  peripheral  portion  of 
which  becomes  lignified  in  later  stages,  also  contains  clustered  crystals. 

Litentnre :  Eogler,  Corynocaipaccae,  in  Nachtr.  z.  ii-iy.  Teil  der  NatOii  Pflanzenfun.,  1897, 
p.  a  16. — ^Van  Tieghem,  Pentaphylace  ct  Corynocarpe,  Joun.  dc  bot,  1900,  pp.  193-7. — ^Hemdey, 
Corynocarpm^  Ann.  of  bot,  xvii,  1903,  pp.  748-5T,  and  xriii,  1904,  pp.  179,  180. 

STACKHOUSIEAE  (pp.  217,  218). 

The  anatomy  of  the  two  genera  Stackhousia  and  Macffregoria  has  recently 
been  subjected  to  a  careful  examination  by  Pampanini  and  Bai^gagii-Petracci  ^ 
in  the  course  of  a  monographic  revision  of  the  Order. 

The  following  anatomical  features  constitute  important  Diagnostic 
Characters  of  the  Order  : — ^the  absence  of  a  special  type  of  stoma  and  of 
external  glands ;  the  occurrence  of  unicellular  clothing  hairs  and  of  tannin- 
cells,  which  in  some  cases  are  differentiated  as  idioblasts  ;  the  simple  perfora- 
tions in  the  vessels ;  the  fact  that  part  at  least  of  the  wood-prosenchyma  is 
provided  with  bordered  pits ;  the  absence  of  medullary  rays  in  the  wood ; 
the  almost  universal  occurrence  of  bundles  of  fibres  in  the  out^  part  of  the 
primary  cortex ;  and  lastly,  the  absence  of  oxalate  of  lime. 


^  Bull,  de  THerbier  Boissier,  1905,  pp.  1156-60;  and  1906,  pp.  39-44,  and  tab.  xiv-xv. 
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Dealing  first  vdth  the  stem,  we  may  note  that  the  above-mentioned  bundles 
of  fibres  correspond  with  the  ribs  on  the  surface  of  the  stem ;  the  bundles 
vary  in  the  extent  of  their  development,  and  are  separated  bom  the  epidermis 
by  a  hjrpodermal  layer  of  cells  ;  the  fibres  themselves  have  a  polygonal  outline 
in  transverse  section,  and  are  for  the  most  part  strongly  thicken^  and  abun- 
dantly pitted.  Such  strands  of  fibres  have  been  recorded  in  all  the  species  of 
Siackkousia  except  5.  pidvinaris,  as  well  as  in  Macgrejgaria,  The  primary 
cortex  shows  varying  differentiation,  and  contains  palisade-tissue  which  is 
most  prominently  develoi>ed  in  Stackhousia  aspericocca  var.  incrassata  and 
5.  Didst.  The  endodermis  is  occasionally  composed  of  lar^e  cells.  In  the 
maAmty  of  the  species  of  Stackhousia  the  pericyde  contains  isolated  bundles 
of  nbres  ;  in  Macgregoria  there  are  likewise  small  p^roups  of  fibres.  Pericydic 
sclerenchyma  is  wanting  only  in  Stackhousia  Ma%deni  and  5.  pulvinaris ;  in 
these  species,  however,  there  is  a  suberized  endodermis  instead.  According  to 
Pampanini  and  Bargagli-Petrucci,  the  xylem  in  both  genera  consists  of  (a)  ve^els 
with  simple  perforations,  (b)  a  small  amount  of  wood-parenchyma,  and  (c)  wood- 
prosenchjmia  bearing  bordered  pits,  medullary  rays  being  absent.  The  pith 
IS  composed  of  large  cells  with  thin  walls. 

The  structure  of  the  leaf  is  either  bifacial  or  centric ;  the  stomata  are  f oimd 
on  both  sides.  The  vascular  bundles  of  the  veins  are  not  provided  with  sderen- 
chymsL,  In  Stackhousia  Brunonis  and  5.  pulvinaris  harge  tannin-cells  occur  in 
the  primary  cortex,  and  in  S.  Brunonis  they  are  present  in  the  mesophyll  as 
well ;  in  other  species  of  Stackhousia  (e.g.  5.  HUgdii)  and  in  Macgregoria 
racemigera  the  tannin-cells  found  in  the  primary  cortex  scarcely  differ  from 
the  ceSs  of  the  surrounding  tissue.  The  caoutchouc-bodies,  observed  by  the 
two  authors  above  named  in  the  cortical  parenchjmia  and  the  tissue  of  the 
leaf,  are  no  doubt  of  the  nature  of  fat-bodies. 


RHAMNEAE  (pp.  218-221). 

The  structure  of  the  leaf  is  now  well  known  owing  to  the  recent  researches 
of  Gemoll  and  Herzog'.  No  new  anatomical  features  common  to  all  the 
members  of  the  Order  have  come  to  light,  but  for  the  purposes  of  special  diagnosis 
numerous  characters  have  been  recognized.  The  enumeration  of  special 
features  may  be  supplemented  by  the  following  statements.  Secretory  cavities, 
provided  vdth  a  papillose  epitiieUum,  beside  occurring  in  Karwtnskia  are 
found  also  in  Rhamnidium  and  Reynosia  rdiculata,  Urb.  Secretory  canals 
with  resinous  contents  and  an  epitheUum  resembling  that  of  the  secretory 
cavities  in  Karwinskia  are  present  in  the  veins  of  the  leaf  in  Reynosia  revduia^ 
Urb.  The  palisade-tissue  m  some  cases  contains  isolated  enlarged  cells  filled 
with  mucilage  (species  of  Condalia)  or  tannin  (species  of  Condalia^  PhyUogeiton^ 
and  Scutia  ;  also  in  species  of  Maesopsis,  Pomaderris  and  RhamneUa^  the  cells 
in  question  being  more  or  less  sclerosed  in  these  three  genera)  or  both  mucilage 
and  tannin  (species  of  Discaria  and  Talguenea).  In  Ztxyfhus  ceUidifolius^  DC. 
(ind.  Z.  timoriensiSy  DC.)  a  middle  layer  of  the  leaf  consists  of  large  mucilage- 


'  These  investigatioDS  deal  with  the  following  genera,  which  are  enumerated  in  the  serial  order 
ofWebertMincT's  system  (in  Engler  and  Prantl,  NatUrl.  Pflanzenfam.,  iii,  5) :— Ventilagineae :  VentUa^^ 
SmyiAea;  2^izypheae:  PaHuruSf  Zitypkus,  Condalia^  Mirror hamnus,  Krtmodendron^  J^eynosia^ 
Smcompkahu^  Rkamnidiumy  Karwinskia^  BerchemiOj  Phyllogeiton  (regarded  as  a  section  of  Btr- 
€kemia  in  Weberbaner's  system),  MaesopsiSy  Lamellisepalum,  Rhamfulla^  DaUachya\  Rhamneae: 
SagertUa^  Scutia^  Rhanmus^  Hovenia,  Ceanothus^  Emmencspermum,  NoUea^  CoMrina^  Cormoncma, 
FkylUa^  LasiotUseus,  Alpkitonia^  Pomaderris^  TrymaUum^  Spyridium^  Ctyftamlra;  CoUetieae: 
Ta^g9iH$ia,  Trtvoa^  Discaria^  ColUtia;  Gonanieae:  Gouania^  Reissekia,  HeUnus^  Crumimtria, 
Marhthia, 
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cells,  while  in  Microrhamnus  the  upper  layer  of  the  hypoderm  is  gelatinized, 
Hypodenn  and  development  of  papillae  are  rare  features  in  the  Khamneae. 
The  spicnlar  cells  which  Blenk  mentions  correspond  to  the  sclerosed  tannini- 
ferous  iiUoblasts  in  the  palisade-tissue  (see  above).  True  glandular  hairs  are 
not  met  with  on  the  surface  of  the  leaf.  The  following  forms  of  clothing  hairs 
are  worthy  of  special  note  : — ^trichomes,  in  which  the  body  of  the  hair  is  uni* 
cellular  and  two-armed,  and  is  seated  on  an  epidermal  cell  (SagereHa) ;  stellate 
hairs  with  a  specially  d^erentiated  basal  portion  and  unicellular  rays  (in  Poma- 
dents,  &c.) ;  and  tufted  hairs,  the  Tzys  of  which  are  mostly  uniseriate  and  are 
inserted  directly  in  the  epidermis  (in  a  group  of  closely  allied  species  of  Rhanrnas). 
Extra-floral  nectaries  (?)  are  found  on  the  lower  side  of  the  leaf  in  Rhamnu^ 
glandidosa.  Ait. 

Structure  of  the  Leaf.  The  stomata  are  for  the  most  part  confined  to 
the  lower  side  of  the  leaf,  but  are  found  on  both  surfaces  in  certain  species  of 
CoUdia,  Condalia,  Cormoncma,  Crumenaria,  Discaria^  Gouania,  Marlothia^ 
Reissekia^  Rhamnus^  ScuUOy  Ttevoa  and  Zizyphus.  GemoU  records  stomata 
of  the  Cruciferous  t^pe  in  Crypiandra  obovatOy  Sieb.  and  stomata  of  the  Rubia- 
ceous  type  in  CoUetia  spinosa.  Herzog  mentions  the  occurrence  of  strikingly 
small  and  crowded  stomata  in  species  of  Reynosia  and  Sarcomphalus^  whilst 
he  describes  very  large  stomata  in  species  of  CandaUa^  Discaria^  Emmeno* 
spermum  and  nhamnus,    Takinc^  recent  investigations  into  consideration, 

?[elatinifeition  of  the  epidermis  of  the  leaf  has  been  observed  in  species  of  the 
ollowing  genera  :  Alphiionia^  Berchemia,  Ceanothus,  Colubrina^  Condalia  Sect. 
CondaliopsiSy  Carmonema,  Cfumenaria^  Crypiandra,  Dallachya,  Discaria,  Em^ 
menospermum,  Gouania,  Hovenia,  LameUtsepahitn,  Lasiodiscus,  Maesopsis, 
PaUurus,  Pomaderris,  Reissekia,  Reynosia,  RhamneUa,  Rhamnidiwn,  Rhamnus 
Sect.  Frangula,  Sageretia,  Scutia  Sect.  I,  Spyridium,  Trevoa,  TrynutUum, 
Ventilate,  Zizyphus  \  The  process  of  gelatinization  affects  either  aU  or  only 
a  certam  number  of  the  epidermal  cd^.  The  remaining  characters  of  the 
epidermal  cells  (viz.  height,  cubical  dimensions,  nature  of  the  lateral  margins, 
thickening  of  the  outer  waJls  and  pitting  of  the  lateral  walls)  are  subject  to 
very  considerable  variation.  The  following  features  are  specially  noteworthy: — 
papillose  protrusion  of  the  epidermal  cells  (in  most  cases  only  on  the  lower  side 
of  the  leaf)  in  species  of  Berchemia,  Discaria,  Hdinus,  Karwinskia  and  Afar* 
Mhia ;  development  of  typical  papillae  on  the  upper  side  of  the  leaf  in  Cryp^ 
tandra  obovata,  Sieb.,  and  on  the  lower  side  in  Karwinskia  Humboldiiana,  Zucc. ; 
a  two-layered  epidermis  in  Rhamnus  Wightii,  W.  et  A. ;  the  occurrence  of 
paired  crystal-cells  containing  solitary  crystaJs  in  the  epidermis  in  VetMago 
leiocarpa,  Benth.  Hypoderm  (situated  beneath  the  upper  epidermis)  is  not 
of  frequent  occurrence ;  it  is  present  in  Microrhamnus  encoides,  A.  Gray  (here 
the  upper  layer  of  the  hypoderm  consists  of  mudlage-cells),  Reynosia  revoluta, 
Urb.,  tt.  septenirionalis,  Urb.,  Rhamnus  Alatemus,  L.  (in  this  species  the  hs^po- 
derm  is  confined  to  the  margin  of  the  leaf  and  is  developed  in  the  form  of 
sclerosed  mechanical  tissue),  Sarcomphalus  crenaius,  Urb.,  5.  domin^ensis^ 
Krug  et  Urb.,  S.  laurinus,  Griseb.,  S.  reticulatus,  Urb.,  Ceanothus  crasstfoUus,. 
Torr.  and  other  species  of  the  subgenus  Cerastes  (here  tanniniferous).  In 
most  of  the  species  the  mesophyll  is  bifacial,  but  centric  or  subcentric  leaves 
are  also  found.  Microrhamnus  ericoides.  Gray  has  rolled  leaves  which  are 
provided  vath  a  furrow  on  each  side  (to  the  right  and  left)  of  the  median  vein, 
and  show  centric  structure  ;  regarding  the  occurrence  of  roU^  leaves  in  Phylica^ 
see  Knoblauch,  loc.  cit.    In  the  species  of  Ceanothus  belonging  to  the  subgenus 


'  lo  the  previous  (Syst.  Anat.,  p.  ai8)  enumeration  of  eenera  exhiUtiiig  this  feature,  the  genos 
Microrhamnus  should  be  cancelled ;  the  gelatinization  of  the  epidermis  of  the  leaf  in  Hmjtmm 
{ff,  dulcU,  Thnnb.)  has  only  been  correctly  recorded  by  Blenk. 
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Cerastes  the  leaf  also  presents  a  characteristic  appearance  in  transverse  section; 
The  lower  surface  of  the  leaf  is  provided  with  deep  and  narrow  furrows,  formed 
by  the  projecting  network  of  the  veins  ;  the  epidermis  which  lines  these  furrows 
includes  the  stomata  and  bears  numerous  hairs.  The  mesophyll  is  composed 
only  of  palisade  tissue,  which  exhibits  a  larger  number  of  layers  at  the  bottom 
of  Uie  furrows  and  at  the  top  of  the  ridges  (formed  by  the  projecting  portions 
of  the  leaf-tissue)  than  along  the  lateral  margins  of  the  furrows.  At  the  same 
time  the  vascular  bundles  of  the  veins  are  accompanied  by  large  parenchymatous 
cells  which  contain  tannin  and  merge  into  the  hypoderm,  situated  on  the  upper 
side  of  the  leaf  (see  above).  In  certain  species  (see  Herzog,  Sep.  Copy,  p.  113) 
the  palisade-tissue  consists  of  exceptionally  long  or  short  cells.  In  Reynosia 
and  Sarcomphalus  the  spongy  tissue  is  composed  of  elongated  cells,  which  are 
interwoven  with  one  another  in  such  a  way  as  almost  to  resemble  a  hyphal 
weft.  Special  features  of  the  mesophyll  are  constituted  by  the  above-mentioned 
enlarged  palisade-cells,  which  are  filled  with  mucilage  (Condalia  lineata^  Gray, 
C.  mexicafuif  Schlecht.)  or  tannin  {Condalia  Uneata^  C.  tnexicana,  Phyllogeiton 
discohr,  Herzog,  Scutia  Commersoniiy  Brongn.,  Maesopsis  bercXemioides^  Engl., 
M.  Eminii,  Engl.,  Rhamnella  frangidoides,  Weberbauer,  Pomaderris  discolor^ 
Vent.,  P,ferruginea^  Sieb.,  P,  lanigera^  Sims  and  P.  phyUitaeoides  Sieb.)  or  both 
mucilage  and  tannin  (Discaria  discohvy  Reiche,  £>.  serraiifoliay  Benth.  et  Hook., 
Z>.  trinerviSy  Reiche,  Talguenea  costata,  Miers).  Cryptandra  obovata,  Sieb.  has 
a  single  layer  of  palisade-tissue,  which  is  entirely  composed  of  broad  tannini- 
f  erous  cells,  while  in  Zizyphus  cdtidifoliuSy  L.  there  is  a  middle  layer  consisting 
of  mucilage-cells.  In  Herzog's  summary  the  following  structurad  characters 
of  the  veins  are  stated  to  be  of  value  for  systematic  puiposes.  Vertical  trans- 
currence  of  the  lateral  veins  of  the  second  order  is  found  in  Alphikmia^  Ceano- 
tiMs,  Cdubrina^  Carmonema^  Crumenaria  decumbens^  Mart,  (not  m  C.  chortraides. 
Mart.),  Helinus  (with  the  exception  of  H.  brevipeSj  Radlk.),  Havenia^  Karwinskiay 
Pomaderris^  Reynosia^  Rhamnidium,  Sageretia^  Sarcomphalus^  species  of  Zizy- 
phus  ;  embedded  veins  occur  in  the  Ventilagineae,  CoUetieae,  Gouanieae  (with 
few  exceptions),  and  also  in  Condalia^  Emmenospermum,  Krugiodendron,  Lasio- 
discuSf  Khamnus,  Scutia,  Trymalium,  species  of  Zizyphus.  There  is  a  well- 
developed  sheath  of  sclerench3mia  around  the  lateral  veins  of  the  first  order  in 
the  Ventilagineae,  and  also  in  species  of  Berchemia,  Emmenospermum,  species 
of  Gouania,  LameUisepalum,  Lastodiscus,  species  of  Phylica,  Reynosia,  Sageretia, 
Sarcomphalus,  species  of  Scutia  and  of  Zizyphus ;  the  lateral  veins  of  the 
second  order  are  provided  with  a  sheath  of  large  parenchymatous  cells,  which 
are  rich  in  tannm,  in  Condalia,  Krugiodendron,  Microrhamnus,  species  of 
Rhamnus  (especially  those  of  the  subsection  Cervispina)  and  species  of  Zizyphus, 
The  statements  made  in  the  earlier  part  of  this  work  on  the  distribution  of 
oxalate  of  lime  may  be  extended  in  the  following  directions.  Large  solitary 
crystals  occur  in  enlarged  cells  of  the  palisade-tissue  in  Karwinskia,  Reynosia 
Northropiana,  Urb.,  Rhamnidium,  Rhamnus  Sect.  LeptophyUius  Subsect.  Cervi- 
spina, Scutia  Sect.  II,  and  Zizyphus  glabratus,  Heyne  *.  Large  clustered  crystals 
are  found  in  enlarged  cells  of  the  mesophyll  or  palisade-tissue,  as  the  case  may 
be,  in  Colubrina,  Condalia,  Cryptandra,  Hoventa,  Krugiodendron,  Lasiodiscus, 
Pomaderris,  Rhamnus  Sect.  Alatemus  and  Sect.  LeptophyUius  Subsect.  Espina, 
Scutia  Sect.  I,  Trevoa,  Trymalium,  and  species  of  jcizyphus.  Large  solitary 
and  clustered  crystals  occur  in  a  small  group  of  closely  allied  species  of  Rhamnus 
{R.  costata,  Maxim.,  R.  nipalensis.  Laws.,  R.  Wightii,  W.  et  A.).    The  genus 


^  The  earlier  sUtemcnt  (p.  219)  as  to  the  occurrence  of  laive  solitary  crysUls  in  Ceanothus  most 
be  cancelled ;  it  was  baaed  on  Blenk's  inyestlgation  of  a  plant  described  as  '  Ceanoiktts  macrophfUa, 
WalL/  which  does  not  belong  to  the  Rhamneae.  According  to  Gemoll,  solitary  crystals  are 
wanting  in  Ceanothus, 
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Helinus  (a  member  of  the  Gouanieae)  as  well  as  MarMkia  have  clustered  crystals 
only  and  no  styloids. 

Amon^  the  internal  secretory  receptacles^  the  tannin-'and  mucilage-cells 
have  already  been  dealt  with  in  detail  in  describing  the  mesophyll.  Secretory 
cavities  are  not  cmly  present  in  Karwinskia  (three  species),  but  also  in  RkMrn- 
fUdium  (three  species)  and  Reynosia  reUcukUa^  Urb.  They  have  an  epithelinm 
composed  of  several  layers  of  flat  ceUs,  the  innermost  of  which  are  drawn  out 
into  long  finger-shapea  protrusions  terminating  freely  in  the  secretory  space  ; 
the  contents  are  brown  and  do  not  dissolve  easily.  The  secretory  cavities  are 
visible  even  to  the  naked  eye  as  brown  glandular  dots.  In  Reynosia  tevoluta^ 
Urb.  the  cavities  are  replaced  by  secretory  csmals  having  a  similar  epithelium 
and  resinous  contents,  which  are  soluble  in  alcohol ;  these  canals  run  beneath 
the  vascular  system  in  the  larger  veins.  GemoU  and  Herzog  have  investigated 
the  detailed  distribution  of  the  mucilage-receptacles  (described  as  canals) 
found  in  the  veins  of  the  leaf.  They  have  been  recorded  in  the  following 
cenera  :  AlpkiUmia^  Berchemia^  Ceanothus  pro  parte  (mucilage-cells  ?),  Cotu- 
orina^  Cortnonema,  Condalia  pro  parte,  DaUachyay  Emmenospermum^  Gouania, 
Hovenia^  Karwinskia^  Lasiodiscus,  Maesopsis^  Paliurus,  Phyllogeitony  Rkanh 
neUa,  Rhamnidium^  Rkamnus  Subgen.  Frangida,  Sagerdia,  ScuUa  Sect.  I, 
Ventilago  pro  parte,  Zizyphus  (in  almost  all  cases),  llie  mucilage-receptacles 
are  for  the  most  part  restricted  to  the  principal  veins  and  to  the  lateral  veins 
of  the  first  order.  Their  diameter  varies,  and  an  epithelium  may  or  may 
not  be  present.  They  are  situated  in  the  coUenchymatous  tissue  of  the  veins, 
and  are  either  isolated  or  several  of  them  lie  side  by  side  ;  in  Maesopsis  they 
were  met  with  in  the  phloem  as  well.  Gr^'s  paper  also  contains  new  statements 
on  the  distribution  of  these  mucilage-receptacles,  especially  in  the  species  of 
Rhamnus  ^  The  same  authority  fi^es  large  mucUage-receptacles,  occasionally 
containing  clustered  crystals,  in  different  parts  of  the  axis  of  certain  species 
of  Rhamnus  (here  situated  in  the  inner  portion  of  the  primary  cortex,  m  the 
pericyde,  the  pith  and  the  seccmdary  bast). 

The  following  additional  facts  have  become  known  regarding  the  hairy 
covering '.  The  glandular  liairs  mentioned  by  GemoU  as  occurring  on  and  near 
the  margin  of  the  leaf  in  Ceanothus  papiUosus^  Torr.  et  Gray,  correspond  to  the 
glandukur  leaf-teeth  found  in  other  members  of  the  Order.  They  are  glandular 
sha^^y  hairs  with  a  multiseriate  stalk  containing  the  termination  of  a  vascular 
bunSe,  and  a  spherical  head  provided  with  a  secretory  palisade  epidermis. 
Special  forms  of  clothing  hairs  are  represented  by  the  short  papillose  trichcones 
occurring  in  many  species  of  Cryptandra^  and  the  short  peg-like  hairs  of  Zixyphus 
funiculosa.  Ham. ;  the  latter  recall  the  characteristic  trichomes  found  in  the 
Sapindaceous  genera  Pancovia  and  Xerospermum,  and  have  a  swollen  basal 

C)rtion,  which  appears  striated  owing  to  the  presence  of  sUt-shaped  pits, 
nicellular  two-armed  trichomes,  which  are  seated  on  epidermal  cells,  occur 
in  SagereUa  and  have  already  been  noticed  above.  Mention  has  likewise  been 
made  of  the  stellate  hairs  found  in  the  Pomaderreae ;  these  hairs  have  a  stalk 
of  var5dng  length,  and  exhibit  a  variable  number  of  ray-cells.  Tufted  hairs 
with  2-8  rays  are  found  in  the  following  species  of  Rhamnus :  jR.  calif omica^ 
Eschsch.,  R.  Palmeriy  Wats.,  R.  sectipetala.  Mart,  and  R.  sphaerosperma^  Sw. ; 
in  jR.  calif ornica  the  ra}^  are  unicellular,  while  in  the  other  species  they  are 


*  Gr^'s  statements  do  not  auite  tally  with  those  of  Henog.  Thus,  according  to  Gr^,  mucilage* 
receptacles  occur  in  the  leaf  ot  Rhamnus  cathariua,  L.,  R»  infectoria,  L.  and  R,  Hnctmia^  W.,  as 
well  as  in  the  axis  of  R»  HbanoUca,  Boiss.  and  R,  Sibihcrpiana,  i.  e.  they  are  present  in  some  of  the 
species  of  the  snbgeniis  Eurkamnus,  whereas  they  are  stated  to  be  absent  in  R,  iatt/oUa^  VH6ni. 
(Sabgen.  Fra$tgulm), 

*  Swanlond's  statement  that '  hairs  terminating  in  a  spherical  end-cell '  are  present  in  Pkylica 
nitida,  Lam.  requires  verification. 
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uniseriate.  The  small  pits,  observed  by  Clauditz  in  the  axils  of  the  lateral 
veins  on  the  lower  side  of  the  leaves  of  Rhamnus  glandulosa.  Ait.,  are  probably 
extra-floral  nectaries ;  they  are  provided  with  a  palisade  epidermis  and  contain 
trichomes. 

For  the  structure  of  the  stipular  spiaes  of  Paliurus  see  Lothelier  ;  regarding 
the  anatomy  of  the  spiny  branches  of  CoUeHa  and  Rhamims^  see  Lothelier  and  Mitt- 
mann.  The  localization  of  Emodin  and  Frangulin  in  the  cortex  of  Rhamnus  is 
dealt  with  by  Gr^. 

To  the  section  dealing  with  the  structure  of  the  cortex  we  may  add  that  the 
pericycle  contains  only  isolated  groups  of  bast-fibres  in  the  species  of  Alphitonia, 
aerchemia^  Ceanothus,  CoUetia^  Colubrina,  Condalia,  Emmenospermum,  Hovenia^ 
Paliurus,  Rhamnus,  Scutia,  Ventilago,  examined  by  Petit,  as  well  as  in  Zixyphus 
saliva. 

literature :  Borscow,  Frangulin,  Bot.  Zeit.,  1874,  p.  33.— Hohnel,  Gerberinden,  Berlin,  1880, 
p.  119. — ^Mittmann,  PflanzenstMheln,  Verfa.  bot  Ver.  Brandenburg,  1889,  pp.  48-50.~[Pirotta,  in 
Malpighia,  iii,  1889,  p.  61  et  teq. ;  abftr.  in  Just,  1880,  i,  p.  606.] — Barber,  Corky  excresc,  Ann.  of 
Bot.,  riy  1893,  p.  105. — ^Lothelier,  Opines,  Th^,  Pans,  1893,  pp.  14  and  $1. — Cabannes,  Rhamnus, 
Thkat,  Montpellier,  1896,  7a  pp.— Knoblauch,  Okolog.  Anat,  HabiUut.-Schr.,  Tiibinra,  1896, 

S.  II  et  seq. — [Planchon,  dasoira  Sagrada,  BaU.  d.  Ph.  d.  S.  £.,  i,  1806,  n.  4 ;  abstr.  in  Jost,  1897, 
,  p.  33.] — [Sayre,  Frangnla  and  Calscara  bark,  Americ.  Joum.  of  Fharm.,  1897,  n.  3;  abstr.  in 
Just,  1897,  h,  p.  33.]— Gr^,  Contribot.  i,  IVtnde  anat.  et  microchim.  des  Rhamn^,  Th^,  Paris, 
1901, 104  pp.,  3  pL — Petersen,  Vedanatomi,  1901,  p.  50. — Pitard,  P^riorcle,  Th^,  Bordeaux,  1901, 
pp.  39  and  90,  91. — Swanlund,  Vegetat.  Neuamsterdams  n.  St.  Pauls,  Diss.,  Basel,  1901,  pp.  19-35 
{PhyHca  nttida), — Clanditz,  Blattanat  canar.  Gew.,  Diss.,  Basel,  i903,  pp.  31-3  {Rhamnus  gUutdu- 
lesa). — GemoU,  Anat-srst  Unteis.  d.  Bl.  d.  Rhamn.  aus  den  Triben  Rhamneen,  Colletieen  u. 
Couanieen,  Diss.,  Miinchen,  in  Beih.  z.  bot  Centralbl..  xii,  1903,  pp.  351-434. — [Finlayson,  Stem- 
stmcture  of  some  leafless  plants.  Transact  and  Proceed.  New  Zealand  Institute,  1903,  d.  360  et  seq. 
{Discaria  Toumatcu),'] — Iierzog,  Anat-sjrst.  Unters.  d.  Bl.  der  Rhamneen  aus  den  Triben  Ventila- 
gineen,  ZSzypheen  u.  Rhamneen,  Diss.,  Miinchen,  in  Beih.  z.  bot.  Centralbl.,  xv,  1903,  pp.  95-307. — 
Siissenguth,  BdiaarungsTerh.  d.  Wiirzb.  Muschelkalkpfl.,  Diss.,  Wiirzburg,  1904,  p.  35. — Theorin, 
Vaxttrichom.,  Aikiy  for  Bot.,  iii,  n.  5,  1904,  p.  4. — Areschoug,  Trop.  yixX,  bladbjrggn.,  Sv.  Vet 
Akad.  Handl.,  39,  n.  3,  1905,  pp.  58,  59  {Cohibrina), — [Mitlacher,  Verf,  v.  Cortex  Frangulae, 
Zeitschr.  osterreich.  Apoth.-Ver.,  1906,  pp.  4-7 ;  abstr.  in  Bot.  Centralbl.,  d,  p.  463.] — Piccioli, 
Legnami,  Bull.  Siena,  1906,  pp.  151,  157-9,  ^<^  ^^^' — [^^^  additional  literature,  see  p.  1173.] 


AMPELIDACEAE  (pp.  221-226). 

1.  Review  of  the  Anatomical  Features.  According  to  Gard,  the 
first  cork  may  in  some  cases  develop  in  the  bast  and  not  in  the  pericycle.  In 
the  pith  of  TdrasUmM  Kalberlah  met  with  secretory  canals  with  mucilaginous 
contents  side  by  side  with  groups  of  mucilage-cells. 

2.  Structure  of  the  Leaf.  According  to  Gard's  recent  investigations, 
the  leaves  in  the  species  of  Vitis  are  mostly  bifacial  in  structure,  the  paUsade- 
tissue  consisting  of  one  or  two  layers  ;  in  rare  cases  the  leaves  exhibit  a  ten- 
dency towards  centric  structure.  In  V.  Labrusca,  L.  the  lower  epidermis  is 
subpapiUose.  The  petiole  in  the  species  of  Vitis  contains  isolated  vascular 
bundles  which  are  arranged  to  form  a  ring ;  in  addition  to  the  main  system 
there  are  two  cortical  bundles  on  either  side  of  the  petiolar  groove,  and  in  rare 
cases  further  smaller  bundles  occur  in  the  same  position. 

The  following  statements  may  be  added  regarding  the  features  presented 
by  the  crystals.  According  to  Gard,  the  shape  of  the  individual  raphides  in 
Cissus,  Ampehpsis  and  VUis  is  characteristic  of  these  genera,  one  end  of  each 
needle  being  pointed,  while  the  other  is  bidentate,  as  in  the  gypsum-crystals 
found  at  Montmartre.  According  to  the  same  authority,  the  raphides  m  the 
leaves  (especially  in  the  veins)  of  the  species  of  Euvitis,  Planch,  are  accompanied 
by  clustered  crystals,  while  in  V.  rotundifoUa,  Michx.  and  V,  Munsoniana; 
Suns.  (V,  Muscadinia,  Planch.)  they  occur  side  by  side  with  prisms  of  oxalate 
of  lime. 
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3.  Structure  of  the  Axis.  According  to  Gard,  the  wood-fibres,  and 
the  fibrous  cells  in  the  bast  and  pericycle  of  the  '  ViUs  verae^'  are  invariably 
septate  by  means  of  thin  division-walls. 

The  cork  develops  subepidermally  also  in  Leea  (HaUier).  Regarding  the 
formation  of  the  cork  in  the  bast  and  the  detailed  differentiation  of  the  cork- 
cells  (with  U-shaped  or  unilateral  thickening)  in  Vitis^  see  Gard,  U.  cc. 

According  to  Gard,  the  arrangement  of  the  hard  bast  in  the  species  of 
VUis  belonging  to  the  sections  Euvitis  and  Muscadinia  is  different  in  the  two 
cases  and  chanicteristic  of  each  section.  In  Euvitis  the  phloem  is  stratified 
into  hard  and  soft  bast.  In  Muscadinia,  on  the  other  hand,  the  bast-fibres 
form  more  or  less  regular  radial  rows  alongside  of  the  medullary  rays,  and 
exhibit  a  scattered  arrangement  in  the  inner  portion  of  each  bast-group. 

Literature :  [Millardet,  Hist  des  princ  tat.  et  esp^oei  de  vignes  d^origine  am^ric.  etc,  1877-85 ; 
referred  to  by  Gard,  loc  dt.]— Kassner,  Mark^,  Dim.,  Bietlaa,  1884,  p.  ai.— Keller,  Laftwarzeln 
einiger  DikotyL,  Diaa.,  Heidelberg,  1889,  pp.  23-6.— [Tognioi,  Stomi,  Atti  hi.  bot.  PaTia,  1894.] — 
HaUier,  in  Natauiicuiidig  Tijdschr.  yoor  Ned.-Iiidie,  Ivi,  1896,  pp.  308,  309. — Gaticbtfj,  Notes 
anat  mx  qa.  vignes  hvlmdes,  Amoc.  fran9.  poor  raTanoement  d.  sc.,  Congres  Nantes,  1898,  ii^ 
pp.  417-33^ — Kalberlah,  Ban  voo  TetrasHgma  icarmum^  Zettschr.  L  Natnrw.,  bad,  1898,  pp.  161- 
3i8.~Gard,  in  Actes  Soc.  Linn,  de  Bordeanx,  ly,  1900,  pp.  cxrii,  cdi  and  ccrii ;  and  Ivi,  1901,  pp.  x, 
Ixvii,  Ixx,  cxxvii,  and  cxxx.— [Lopriore,  Anat  di  alcnne  Ampelid.,  Boll.  Accad.  Gioen«  Sc  nat. 
Catania,  1 901, 16  pp. ;  abstr.  in  Jnst,  1903,  ii,  p.  aSo.] — ^Molisch,  Pflanzen  als  Trinkqnellen,  Deutsche 
Arbeit,  i,  1901,  p.  78  et  seq. — [Ravaz  et  Bcmnet,  Bois  de  la  vigne,  Ann.  de  FEoole  nat  m,  de 
MontpelUer,  nony.  s^r.,  i,  loox ;  abstr.  in  Bot.  CentralbL,  1902,  p.  451.] — Ponlsen,  Lnftrpademe 
bos  Lissm  sicyoides,  Vidensk.  Meddelels.  Kjflibenhayn,  190a,  pp.  238,  339.— Gard,  Et'^anat.  sur 
les  yignes,  etc.,  Th^,  Bordeanx,  1903,  134  pp. ;  also  in  Actes  Soc  Linn,  de  Bordeaux,  Wiii,  1903. — 
Tondeia,  Innmr  Ban  d.  Sprosses  yon  Vitis  vim/era,  Bull,  intemat  Acad,  ac  CracoVie,  1904. 
pp.  91-6,  a  pi. ;  see  also  Abh.  math.-naturw.  KL  Akad.  Krakau,  ser.  3,  Bd.  ir,  B,  1904,  pp.  43-54 
(Polish).— Frommel,  Plant  text.  chiL,  1905,  p.  41.— Netolitxky,  Dikot^lenbL  (Rhaphiden),  1905, 
pp.  35-8. — ^Fries,  Zwei  siidamerikan.  lianen,  Botaniska  Studler  tilUign.  Kjellman,  1906,  p.  89  et  seq. 
— Picdoli,  Legnami,  Bull.  Siena,  1906,  p.  133.— [For  additional  literature,  see  p.  1169.] 


SAPINDACEAE  (pp.  226-236). 
Appendix:  On  the  Didiereae. 

We  may  append  to  the  Sapindaceae  a  discussion  of  the  genus  Didierea  (which 
was  formerly  regarded  as  a  member  of  this  Order  by  Baillon),  and  of  the  allied  genus 
AUuaudia,  Doth  of  which  are  distinguished  by  a  Cactus-like  habit.  In  the  first 
place,  however,  it  may  be  pointed  out  that  these  genera  must  be  removed  from  the 
Sapindaceae ;  Radlkofer  nolds  that  Didierea  is  aUied  to  the  taxonomic  group 
constituted  by  the  Amarantaceae  and  Polygonaceae.  Anatomically  the  two 
genera  are  characterized  by  the  possession  of  mucilage-receptacles  or  mucila^e-cells» 
the  subepidermal  development  of  the  cork,  and  the  occurrence  of  isolated  bundles 
of  pericydic  fibres. 

Our  knowledge  of  the  anatomy  of  Didierea  is  as  follows.  The  primanr  cortex 
contains  spaces  which  are  almost  as  big  as  a  grain  of  millet  and  are  filled  with 
mucilage  ;  near  the  surface  there  is  a  continuous  layer  of  stone-cdls,  some  of  which 
are  of  very  considerable  dimensions,  while  on  the  outer  side  of  this  layer  are  situated 
cells  containing  large  clustered  cr^rtals  of  oxalate  of  lime  ;  finally,  the  greater  part 
of  the  primary  cortex  consists  of  cells  with  brown  tanniniferous  contents,  which 
in  the  uving  plant  are  possibly  of  the  nature  of  latex.  Cells  with  similar  brown 
contents  are  also  present  in  the  pith.  The  bast-fibres  form  circular  croups  of  vary- 
ing size.  The  wood  possesses  broad  medullary  rays,  wood-fibres  bearing  simple 
pits,  and  vessels  with  simple  perforations.  A  transverse  section  through  one  of  the 
linear  leaves  shows  a  homogeneous  mesophyll  containing  tannin-  and  mucilage- 
cells,  and  7-^  isolated  vasculsu:  bundles,  which  are  arranged  in  the  form  of  an  almost 
closed  arc ;  the  stomata  are  not  present  in  large  numbers  and  are  only  slightly 
depressed. 

As  regards  the  structure  of  the  axis  iaAUuaudia,  we  may  add  that  in  A,  procera 
the  primary  cortex  contains  mucilage-  and  tannin-ceUs,  while  in  A,  ascenaens  the 
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mudlage-cells  are  not  isolated,  but  fuse  to  form  mudlage-lacunae.  The  epidermis 
on  both  sides  of  the  leaf  of  AUuaudia  has  a  thick  cuticle  ;  beneath  each  epidermis 
there  is  a  one-layered  hjrpoderm,  which  at  certain  points,  and  especially  in  the 
neighboturhood  of  the  stomata,  shows  an  increase  in  the  number  of  layers.  On 
the  upper  side  of  the  leaf  the  mesophyll  consists  of  indistinct  palisade-tissue.  The 
stomata,  which  are  found  on  the  lower  surface,  are  not  numerous  and  are  strongly 
depressed.  A  feature  worthy  of  special  note  is  the  occurrence  of  clustered  crystals 
of  oxalate  of  lime  in  the  epidermis  of  the  leaf  as  well  as  in  that  of  the  stem. 

Literature:  R.  Schenck,  Qnmacai  dpo,  Diss.,  Erlangen,  1894,  19  pp.'Radlkofer,  in  Natiirl. 
Pflmnzenfiun.,  iii  Teil,  Abt.  5,  1896,  p.  40a.— Schwabach,  in  Bot.  Centralbl.,  1808,  iv,  pp.  357-9.— 
[Rmdlkofier,  Sapindaceae,  in  Martins,  Flora  bntsil.,  xiii,  3, 1893-1900.]— Haberlandt,  Sinnesorgane, 
1901,  p.  ia6  et  seq.— Pitard,  P^cycle,  Th^,  Bordeaux,  1901,  p.  71.— Perrot  et  Gn^rin,  Didterea^ 
Jonm.  de  hot.,  1903,  pp.  233-51.— Areschong,  Trop.  ^ixt  bladt^ggn.,  Sv.  Vet.-Akad.  Hand!.,  39, 
n.  3y  1905,  pp.  68,  69  and  Tab.  ii  (A^n^^/ii/iyi).— Haberlandt,  Lichtsinnesoigane,  1905,  p.  97.— 
Picdoli,  Legnami,  Bull.  Siena,  1906,  p.  176.— [Radlkofer,  in  Natiirl.  Pflanzenfam.,  Erg.-Hcft  ii. 
'9^9  PP*  303-9 ;  tee  also  Nachtr.  znm  li-iv  Teil,  1897,  p.  328.] 

hippcx:astanaceae  (pp.  236-237). 

The  stomata  on  the  leaves  of  Aesculus  californicaf  Nutt.  are  provided  with 
neighbouring  cells  which  bear  striate  papillae,  converging  towards  one  another 
in  a  radiate  manner. 

Literature:  Uhlworm,  Entwicklongsgesch.  d.  Trichome,  Bot.  Zeit.,  1873,  p.  818.— Hohnel, 
Gerberinden,  Berlin,  1880,  p.  115  et  seq^Nanke,  Blatt  n.  veget.  Axen  dilcot.  Holzpfl.,  Diss., 
Kooigsbenr,  1886,  p.  16  et  seq.— -Kohne,  Papill.  n.  obers.  SpaltoRn.,  Mitteil.  dendrolog.  Gesellsch., 
1899,  p.  58.— Tunmann.  Sekretdrfben,  Diss.,  Bern,  1900,  pp.  25,  a6.— Bonygnes,  Cert  m^rist.  vase, 
dans  le  p^ole,  Act  Soc  linn.  Bordeaux,  Ivi,  ipoi,  pp.  Ivii,  Iviii— Pitard,  P^ricrcle,  Th^, 
Bordeaux,  1901,  pp.  87,  88.— Bonygnes,  P^iole,  Th^,  Paris,  190a,  pp.  8  and  11.— Col,  Faisceaux, 
Ann.  sc  nat,  s^r.  8,  t.  xx,  1904,  p.  140. — PiccioU,  Legnami,  Bml.  Siena,  1906,  p.  142. 

ACERACEAE  (pp.  238-240). 

1.  Review  of  the  Anatomical  Features.  According  to  Warsow, 
secretory  sacs  are  present  in  the  veins  of  the  leaf  in  all  the  species  of  Acer, 
althongh  their  contents  are  milky  only  in  a  small  number  of  cases.  Latex- 
cdls  situated  in  the  mesophyll,  besides  occurring  in  A.  campestrey  L.,  are  found 
also  in  A,  pidum,  Thunb.  and  A.  neglectum,  Lang.,  which  belong  to  the  section 
Platanoidea^.  Sausage-shaped  or  almost  spherical  idioblasts  containing 
mucilage  have  been  observed  in  the  mesophyll  in  A.  laevigatum.  Wall,  and 
A.  oUongum^  Wall.  The  clusters  of  calaum  oxalate  cr3^tals  occasionally 
resemble  sphiaerites  ;  another  form  of  excretion  of  oxalate  of  lime  is  that  of 
small  rod-shaped  or  acicular  crystals,  which  are  found  in  the  mesophyll.  In 
the  genus  Acer  the  unicellular  clothing  hairs  are  accompanied  by  uniseriate 
ones ;  two-armed  hairs  have  been  recorded  also  in  A .  parviflorutn,  Franch. 
et  Sav. 

2.  Structure  of  the  Leaf.  The  following  statements  are  based  on 
Warsow's  recent  investigations,  which  deal  with  eighty-five  species  and  have 
led  to  certain  improvements  in  Pax's  system  of  classification. 

The  structure  of  the  leaf  is  for  the  most  part  bifacial  and  rarely  centric 
or  subcentric.  The  palisade-tissue  generally  consists  of  a  single  layer  of  cells. 
The  stomata  are  almost  invariably  confined  to  the  lower  side  of  the  leaf ;  only 
in  a  few  species  (e.g.  A .  japonicum,  Thunb.)  do  they  occm:  in  small  numbers  also 
on  the  upper  side,  where  they  are  found  in  the  ne^hbourhood  of  the  veins. 
The  lateral  margins  of  the  epidermal  cells  are  straight  or  undulated,  but  in 


'  The  nomenclature  of  the  sections  adopted  here  and  in  the  following  description  is  based  on  Pax's 
revision  of  the  Aceraceae  in,  £ngler*s  *  Pflanzenreich.' 
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a  few  species  (e.g.  A.  TrautveUeri^  Medw.  or  A.  nikoenscy  Maxim.)  the  cells 
of  the  lower  epidermis  have  jagged  margins.  The  cuticle  occasionally  exhibits 
striation,  while  in  certain  species  it  is  covered  by  a  layer  of  wax  of  varying 
thickness  ;  the  latter  is  the  cause  of  the  white  colour  presented  by  the  lower 
surface  of  the  leaf  in  A.  Drumtnondii,  Hook,  et  Am.,  A.  niveum^  Bl.  and  A.  sac- 
charinum^  L.  Gelatinization  of  the  epidermis  of  the  leaf  is  remarkably  conmKm 
in  the  genus  Acer  (for  details,  see  Warsow's  paper),  either  affecting  both  upper 
and  lower  epidermis  or  only  the  upper  epidermis.  Papillose  differentiation 
of  the  lower  epidermis  has  been  recorded  m  the  following  additional  species  : 
A,  caesium.  Wall.,  A.  Durettiy  Pax,  A,  glabrum^  Torr.,  A.  griseum.  Pax,  A.  Hel- 
dreichii,  Oiph.,  A.  hyhridum,  Spach,  A,  insigne,  Boiss.  et  Buhse,  A.  mand- 
schuricuniy  Maxim.,  A,  monspessidanum,  L.,  A.  nikoense,  Maxim.,  A.  niveum^ 
BL,  A.  ramosum,  Schwer.,  A.  sericeumy  Schwer.,  A,  sinense.  Pax,  A,  sidchuense, 
Franch.  and  A,  Trauivetteri,  Medw.  Speciallv  noteworthy  features  are  :  the 
occurrence  of  onte  or  two  small  solitary  crystak  in  cells  of  the  lower  epidermis 
in  A,  erianthum^  Schwer.  and  A.  oblongum.  Wall.,  these  cells  being  generally 
somewhat  smaller  than  the  remaining  epidermal  cells ;  and  the  presence  of 
tanniniferous  idioblasts  in  the  lower  epidermis  in  A .  viUosum,  Wall.  Hypoderm 
has  not  been  recorded  in  any  species  of  A  cer.  The  larger  veins  almost  invariably 
contain  a  ring  of  sclerench3mia ;  but  in  most  of  the  species  belonging  to  the 
section  Indivisa  there  are  only  arcs  of  sclerenchsnna  or  isolated  sclerenchy- 
matous  elements.  In  all  the  species  of  Acer  the  smaller  veins  are  vertically 
transcurrent  by  means  of  tissue  with  thin  or  thick  walls. 

Oxalate  of  lime  is  developed  in  relation  to  the  vascular  bundles  of  the 
veins  ;  in  a  certain  number  of  the  species  it  is  deposited  mainly  in  the  form 
of  solitary  crystals,  while  in  the  remainder  it  occurs  principallv  in  the  form 
of  clustered  crystals.  Large  idioblasts  which,  in  addition  to  smaller  crystalline 
masses,  contain  a  large  solitary  crystal,  often  placed  with  its  long  axis  at  right 
angles  to  the  surface  of  the  leaf,  are  found  not  only  in  A.  Negunao,  L.,  but  also 
in  the  remaining  species  of  the  section  Negundo  {A.  californicum,  Ettetr.  and 
A .  mexicanum.  Pax),  as  well  as  in  ^ .  cissifolium,  C.  Koch  ;  these  elements  cause 
transparent  dots  in  the  leaf.  Similar  idioblasts  containing  clustered  crystals, 
which  occasionally  resemble  sphaerites,  are  present  in  the  species  of  the  section 
Indivisa  (with  the  exception  of  A,  carpinifolium,  S.  et  Z.),  in  A,  glabrum^ 
Torr.  and  in  those  of  the  section  Macrantha,  We  have  already  pointed  out 
above  that  according  to  Warsow  the  secretory  sacs  no  doubt  occur  in  all  the 
species  oiAcer\  they  are  situated  in  the  bast  in  the  vascular  bundles  of  the  veins 
and  probably  in  the  axis  as  well.  In  transverse  sections  of  the  leaf,  which  have 
been  bleached  with  Eau  de  Javelle,  they  show  up  distinctly  owing  to  their 
large  lumina,  but  only  in  a  small  number  (12  out  of  85)  of  the  species  do  thev 
contain  tj^ical  latex.  These  species  are  the  following :  A .  macrophyUum,  Pursh 
(which  should  perhaps  be  transferred  from  the  Sect.  Spicata  to  the  Sect.  Plata- 
noidea) ;  all  the  species  of  the  section  PUUanoidea  which  have  been  investigated, 
viz.  A,  laetum,  C.  A.  Mey.,  A,  Lobelii,  Ten.,  A.  Miyabei,  Maxim.,  A.  neglecium, 
Lange,  A.  pictum,  Thunb.,  A.  platanoides,  L.,  and  A.  iruncatum,  Bge. ;  A.  cam- 
pestre,  L.  (which  should  perhaps  be  removed  from  the  Sect.  Campeslria  and 
placed  in  the  Sect.  PUUanoidea) ;  lastly,  A.  diabolicum,  BL,  A.  purpurascens, 
Franch.  et  Sav.  and  A.  Thomsonii,  Miq.,  which  belong  to  the  section  Lithocarpa. 
In  the  remaining  species  the  contents  are  glassy  and  rather  strongly  refractive ; 
they  are  readily  soluble  in  alcohol  and  water,  and  are  best  seen  by  mounting 
dry  transverse  sections  in  oUve-oil.  The  latex-cells  and  mudlage-idioblasts, 
occurring  freely  in  the  mesophyU  in  certain  species,  have  already  been  referred 
to  above. 

The  most  widely  distributed  type  in  the  hairy  covering  are  unicellular 
clothing  hairs.    In  some  cases  they  are  developed  in  the  form  of  papillae,  but 
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this  type  of  differentiation  is  only  found  in  species  which  have  a  papillose  epider- 
mis in  the  leal,  and  in  which  the  hairs  constitute  a  transition  to  the  papiUae. 
As  a  rule,  however,  the  clothing  hairs  are  elongated  structures,  which  are  either 
wavy  or  stiff  ;  in  the  latter  case  they  may  be  strak;ht  or  bent  after  the  manner 
of  a  sabre.  Uniseriate  clothing  hairs  (composed  of  eight  cells  or  less)  are  found 
onlv  in  a  small  number  of  species  (mainly  in  the  section  PlcUanoidea),  Tlie 
ends  of  the  clothing  hairs  are  for  the  most  part  pointed,  rarely  (^4.  parviflorum^ 
Franch.  et  Sav.)  rounded.  Two  types  of  glandular  hairs  may  be  distinguished. 
The  first  of  these,  which  is  the  most  widely  distributed,  comprises  approximately 
club-shaped  glandular  hairs  with  a  uni-  or  biseriate  stalk  (mostly  composed 
of  5  or  10  cdls)  and  a  multicellular  head.  A  modification  of  this  t3rpe  of  hair 
is  found  in  the  species  of  the  section  Platanoidea^  in  which  the  cells  of  the  stalk 
are  flat  and  the  head  spherical.  The  second  type  of  glandular  hair  is  constituted 
by  uniseriate  external  glands,  which  in  certam  species  pass  over  into  (multi- 
seriate)  shaggy  hairs  ;  a  peculiar  form  of  trichome,  which  may  be  noticed  in 
this  connexion,  is  that  of  glandular  shaggy  hairs,  which  exhibit  division  into  two 
uniseriate  glands  at  a  point  situated  at  a  varying  distance  from  the  base  of  the 
tricJiome.  The  second  t)^  of  external  gland  occurs  in  the  species  of  the  section 
Indivisa  (with  the  exception  of  A.  carpinifoUum,  S.  et  Z.  and  A.  disiylum^ 
S.  et  Z.),  in  A.  rubrum^  L.  and  in  the  species  of  the  section  MacratUka  (excepting 
A.  parviflarum,  Franch.  et  Sav.). 

For  the  vascular  system  of  the  petiole,  see  also  Bouygues  and  Col,  11.  cc. 

Literatore:  Gregory,  Cork  wings,  Bot.  Gaz.,  1888,  pp.  a8i,  a8a.— [Tognini,  Stomi,  Atti  1st. 
bot  PftTim,  i894.>-Koline,  Papill.  a.  oberseit.  Spaltoflb.,  MittdL  deutsch.  dendrolog.  Gesellsch., 
i8m,  p.  58. — HiUnmerle,  Acer  PseudoplatanuSt  Bibl.  bot.,  Heft  50,  1900,  loi  pp. — Petersen, 
Ve£natomi,  1901,  p.  47. — Bonprgnes,  P^ole,  Thte,  Paris,  looa,  p.  11. — Pax,  in  Pflanzenreich, 
Heft  8,  190a,  p.  a. — Tnzson,  Spiralise  Stmkt.  d.  Zellw.  in  den  Markstr.,  Ber.  dentsch.  bot  Gesellsch., 
I903>  P*  376.— Warsow,  S]rst.-anat.  Untersnch.  d.  Bl.  bei  d.  Gatt  Acer,  etc.,  Diss.,  Erlangen.  1903, 
109  pp.;  sep.  copy  from  Beih.  z.  Bot  Centralbl.,  zr,  p.  495  et  seq. — Col,  Faisoeauz,  Ann.  sc.  nat., 
wts.  8,  t  zz,  19049  PP*  I3^~S^ — Siissengntb,  Behaaningsverh.  der  WUrzb.  Moschelkalkpfl.,  Diss., 
Wiiizbiiig,  1904,  ^.  34. — Hab^landt,  Lichtsinnesorg.,  1905,  pp.  105,  106  and  Tab.  iii.— Theorin, 
Vaxttrichom.,  Aikiv  ^r  Bot,  iv,n.  18,  1905,  pp.  a,  3. — PU:cioii,  Legnium,  BaU.  Siena,  1906,  p.  138. 

STAPHYLEACEAE  (pp.  242,  243). 

litetatore :  Plcdoli,  LegnamI,  Bull.  Siena,  1906,  p.  13a 

SABIACEAE  (pp.  243,  244). 

The  exact  nature  of  the  '  |>oches  s6cr6trices,'  mentioned  by  Pierre  (in  Flore 
forest,  de  la  Cochinchine,  xxiii,  1897)  as  occurring  in  Meliosma  Cambodiana, 
must  be  made  the  subject  of  renewed  investigation,  in  view  of  the  fact  that  in  other 
species  of  Meliosma  Radlkofer  has  recorded  the  presence  of  cells  having  siliceous 
contents  (not  resin-cells,  see  p.  243). 

literature:  Piene,  loc.  dt.,  1897.— Pitard,  P^ricjrcle,  Thise,  Bordeanx,  looi,  pp.  76  and  94.— 
[Dihm,  Blatt  d.  Gatt  MeUosma  in  anat  Hinsicht,  Beih.  z.  bot.  CentralU.,  xxl,  Abt.  i,  1907,  31  pp. 
and  Tab.  y,  vi] 

ANACARDIACEAE  (pp.  244-248). 

1.  Review  of  the  Anatomical  Features.  To  the  statements  on  the 
hairy  covering  we  may  add  that  simple  uniseriate  clothing  hairs,  as  well  as 
branched  (glandular  ?)  multicellular  trichomes  also  occur  in  this  Order. 

2.  Structure  of  the  Leaf.  The  mesophyll  is  bifacial  in  most  of  the 
species  of  Rhus  of  the  section  Gerontogeae,  Engl.,  which  have  been  investigated 


Digitized  by 


Google 


894  ADDENDA— ANACARDIACEAE 

by  Diels ;  in  R,  incisaj  L.  f .  it  consists  of  palisade-tissue  only.  In  the  species  of 
RhuSj  belonging  to  the  section  just  named,  the  stomata  are  either  coimned  to 
the  lower  side  or  occur  on  both  sides  of  the  leaf.  In  R,  Burkeana^  Sond.  they 
are  deeply  sunk  and  provided  with  a  vestibule,  the  inner  margin  of  which  is 
formed  by  the  neighbouring  cells  of  the  stoma,  which  project  considerably 
beyond  the  level  of  the  epidermis.  Papillae  are  found  on  the  lower  side  of  tibie 
leaf  also  in  jR.  Cotinus^  L.  (according  to  Knothe)  and  R.  Osbecki^  DC.  (according 
to  Kohne).  Regarding  the  hairy  covering  we  may  add  the  following  facts. 
Tlie  uniseriate  trichomes  occurring  in  certain  species  of  Rhus  are  bi-  to  multi- 
cellular and  have  pointed  or  blunt  ends.  R.  harrida^  Eckl.  et  Zeyh.  has  stellate 
trichomes  with  thm  v^alls,  the  ray  cells  of  which  show  a  radial  arrangement  and 
lie  in  a  plane  parallel  to  the  surface  of  the  leaf ;  similar  trichomes,  which, 
however,  exhibit  irregular  orientation  of  the  rav-cells,  are  found  in  R.  samaUnsis, 
Engl.,  while  jR.  incana^  EurI.  has  irregularly  branched  trichomes  composed  of 
a  large  number  of  cells  ;  aQ  these  different  forms  of  hairs  may  possibly  have 
a  glandular  function.  Among  the  types  of  glandular  hairs  observed  by  Diets 
we  may  mention  the  external  glands  found  in  R.  discohfy  E.  Mey;  they 
have  a  unicellular  stalk  and  a  unicellular  glandular  head  of  variable  shape. 
Small  peltate  glands  with  irregularly  arranged  glandular  cells  have  been  recorded 
also  in  Campnosperma  (Fabricius). 

3.  Structure  of  the  Axis.    Silica-bodies  are  found  in  the  wood-paren- 
ch3nna  in  Mdanorrhoea  obtusifoliay  Engl.  (Bargagli-Petrucci). 

The  contents  of  the  secretory  canals  are  sometimes  (species  of  Rhus)  of  the 
nature  of  latex  ;  see  also  Moliscb,  loc.  cit. 

literature :  [Vogl,  Gtun  of  Quebrmcho  Colorado,  Pharm.  Joum.  and  Transact.,  1880 ;  abitr.  in 
Bot  Centralbl.,  1880,  p.  104a.]— Jadin,  Org.  s^cr^,  Thiic,  Montpellier,  1888,  p.  45  et  seq.— J.  E. 
Weiss,  Korkbild.,  Doikschr.  bot.  Gesel]sch.  Re^sburg,  vi,  1890,  p.  64.— Jadin,  On.  T^rdbinth., 
Joum.  de  bot.,  1893,  p.  382  et  seq. — Knob]an(£,  Oekolog.  Anat.  etc.,  Habilitat-Sdir.,  Tubingen, 
1896,  p.  II  et  seq. — ^Werner,  Neuere Drogen,  Diss.,  Erlangen,  1896,  pp.  1-10  (Cortex  Comocladiae),^— 
DieU,  Epharmose  d.  Vegetationsorg.  bei  Jikus,  L.  §  GerotUogtae,  £ngL,  in  Eogler,  Bot  Jahrb.,  udy, 
1898,  pp.  568-647  and  Tab.  xir.— Pierre,  Flore  forest,  de  la  Cochinchine,  xxir,  1898  {Draconf- 
ffulum)^  and  xyii,  1893  {Mangifera). — Kohne,  PapiU.  u.  obeneit  Spaltoffn.,  Mitteil.  dentich. 
dendrolog.  Gesellsch.,   1899,  P*  ffi- — Mobins,    Der  jiupan.  Lackbanm,  Rkm  vtrtuctfetn,  Abh. 


.  I,  1901,  p.     _      ^ 

p.  35,  footnote  I. — ^Pitard,  P^ricyck,  Th^/ Bordeaux,  1901,  pp.  40  and  74. — Bargagli-Petriicci, 
Concrez.  silioee,  Malpigfaia,  190a,  p.  2$  et  seq. ;  and  Legnami,  loc.  cit^  p.  319  et  seq.  (Camptto^ 
spgrma,  JlfelofiocAfla,  MUanorrhoea^  PentasptuotC), — Bouygues,  P^ole,  Th^,  Paris,  1903,  p.  13. — 
Fabricius,  Lanbblatt-Anat*,  Beih.  z.  bot.  Centralbl.,  xii,  1003,  pp.  311,  313. — Knothe,  Unbenets- 
bare  BL,  Diss.,  Heidelberg,  1903,  p.  xo. — Simon,  in  Ber.  deutscb.  bot  Gesellsch.,  1903,  p.  341. — 
[Armari,  Piante  della  ree.  medit,  Ann.  di  Bot,  i,  1903,  p.  17  et  seq.  (/Vx/ooa).] — Qoanjer,  Anat 
bouw,  etc.,  Natnuxk.  Veinandel.  Haarlem,  iii,  5,  1903  {G/ula  Benghas  and  Btuhanania  sp.). — 
Ursprung,  in  Bot  Zeit,  1904^  p.  198. — Arescboug,  Trop.  vaxt.  bladbygpn.,  Sv.  Vet.  Akad.  HandL, 
39,  n.  3,  1905,  pp.  76.  77  (Afangifera\  and  pp.  134,  135  {AnacarSum),^-SaiXXiOiBi.  Anat  d.  pll 
affines,  Ann.  sc.  nat.,  ser.  ^,  t  ii,  1905,  pp.  63-79  {Pisttuia). — Picdoli,  Legnami,  Bull  Siena,  1906, 
pp.  141,  150  and  160.— [F'or  further  literature,  see  p.  11 69. J 


CORIARIEAE  (p.  249). 

Oxalate  of  lime  is  found  in  the  form  of  clustered  crystals  also  in  the  rhizome 
of  Coriaria  myrtifolia. 

Literature :  Villencuve,  Le  Redoul,  Thise,  Montpellier,  1893,  63  pp.,  espedallj  pp.  30-37. 
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ADDENDA  895 

MORINGEAE  (pp.  249,  250). 

Guignard's  discovery  of  the  occurrence  of  myrosin-cells  in  this  Order 
is  of  great  importance  in  interpreting  the  taxonomic  relations  between  the 
Moringeae  and  the  Capparideae. 

Jadin  has  investigated  the  distribution  of  the  myrosin  in  detail  in  Movinga 
fierygosperma.  According  to  him  the  myrosin-cells  of  the  root  are  situated  in  the 
oast  and  primary  cortex,  myrosin  being  distributed  throughout  the  peripheral 
layers  of  tne  cortex.  In  the  branch,  myrosin-cells  are  likewise  present  in  the  bast 
and  the  primary  cortex  (here  especially  in  tiie  subepidermal  layer  of  cells).  Similar 
ceJls  occur  also  in  the  mesophyll. 

Literature :  Jadin,  Localisat.  de  la  myrosine  et  de  la  gomme  chez  les  Moringa^  Comptes  rendos 
Paris,  1900,  I.  SJm.,  pp.  733-r- 


CONNARACEAE  (pp.  250-253). 

Pierre  records  small  secretory  ceUs  and  a  hypoderm  in  the  leaf  in  Cnestis 
ramiflora.  Griff.,  secretory  cells  and  an  almost  sclerosed  palisade-tissue  com- 
posed  of  two  layers  in  Agtaia  Catnbodiana. 

A  composite  and  continuous  ring  of  sclerenchyma  is  developed  in  the 
pericycle  also  in  Connarus  paniculatus  (Pitard). 

Literature :  Baiteb,  Cangoura,  Diss.,  Erlangen,  1894,  pp.  38,  39. — Costertis,  Connarus^  Ann. 
Jardin  Bnitenzorg,  Soppl.  ii,  iS^,  pp.  109-ia  and  pi.  iv. — Pierre,  Flore  forest  de  la  Cochinchine, 
xxiv,  1898. — Pitud,  Pericycle,  These,  Boraeanx,  1901,  p.  83. — Areschong,  Trop.  yaxt.  bladbymi., 
Sv.  Vet  Akad.  Handl.,  39,  n.  a,  1905,  pp.  11 1,  113  and  Tab.  xiv,  xv  {Cormarus), — [Spcrlich,^pt. 
Verb,  in  d.  oberseit.  Blattepidermis,  Sitz.-Ber.  Wiener  Akad.,  cxvi,  Abt  i,  1907,  p.  718.] 


LEGUMINOSAE  (p.  253). 
I.    Papilionaceae  (pp.  253-281). 

I.  Review  of  the  Anatomical  Features.  The  following  additional 
facts  have  been  recorded : — 

Internal  secretory  organs  (p.  254) : — ^Mudlage-cells  are  found  in  Caragana, 
and  mudlage-lacunae  in  Alhagi  and  Halifnodendron,  Secretory  cavities  in  the 
form  of  ordinary  intercellular  spaces  filled  with  secretion  occur  in  AnthyUis 
GenistaCj  Duf .,  while  closed  schizogenous  secretory  cavities  are  present  in  the 
leaf  in  the  monotypic  genus  Corayla.  Lastly,  schizogenous  secretory  canals 
are  found  in  the  primary  cortex  of  the  branch  in  Cordyla. 

Oxalate  of  lime  (p.  254) : — ^Small  crystalline  grains  or  needles  are  not 
uncommon  in  the  Podaiyrieae  and  Genisteae,  and  occur  also  in  members  of  the 
TrifoUeae,  Loteae  and  Vicieae. 

Hairy  covering  (pp.  254,  255) : — Of  special  forms  of  clothing  hairs  three- 
celled  trichomes  having  a  two-armed  terminal  cell  are  present  also  in  certain 
Podaiyrieae  and  Genisteae.  With  reference  to  the  distnbution  of  the  external 
glands  we  may  note  that,  taking  the  results  of  the  earlier  investigations  into 
consideration  as  well,  they  are  of  frequent  occurrence  only  in  the  Tribes  Tri- 
folieae,  Galegeae,  Hedysareae,  Vicieae,  Phaseoleae  and  Dalbergieae,  while 
they  are  absent  in  the  Podaiyrieae,  Sophoreae  and  Swartzieae,  and  are  only 
rarely  met  with  in  the  Genisteae  and  Loteae. 

Special  anatomical  features  (p.  255) : — Pseudo-pitting  or  internal  striation 
of  the  epidermal  cells  of  the  leaf  (certain  Podaiyrieae  and  Genisteae) ;  epidermal 
ceUs  of  the  leaf  having  a  prosenchymatous  shape  (species  of  Lathyrus)  or  elon- 
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gated  transversely  to  the  midrib  (species  of  EtUaxia  and  Trifolium) ;  a  peculiar 
depression  of  the  stomatal  apparatus  (species  of  Jacksania) ;  restriction  of  the 
stomata  to  the  upper  side  of  the  leaf  (in  certain  Podalyrieae  which  have  rolled 
leaves  with  a  furrow  on  the  upper  side) ;  transverse  arrangement  of  the  stomata 
on  the  leaves  (species  of  AnartkrophyUum^  Eutaxia^  and  Latrobca)  or  on  the 
assimilating  axes  (Daviesia  divaricaia,  Benth.) ;  spicular  fibres  in  the  mesophyll 
(species  of  PuUenaea^  DiUwyniay  Bossiaea) ;  special  structural  features  pre- 
sented by  the  veins  of  the  leaf  ('  double  vascular  bundles  '  in  Daviesia^  annular 
arrangement  of  the  vascular  bundles  of  the  leaf,  &c.) ;  lastly,  the  occurrence  of 
sphaerocrystalline  masses  or  of  bodies  resembling  indigo  or  indican  in  the 
mesophyll. 

Anomalies  in  the  structure  of  the  stem  (p.  255) : — Successive  rings  of 
growth  occur  also  in  Strongylodon, 

2.  Structure  of  the  Leaf.  In  recent  times  a  detailed  investigation 
of  the  structure  of  the  leaf  has  also  been  undertaken  in  the  Podalyrieae  (by 
Prenger^  Biirkle*  and  Hiihner"),  the  Genisteae  (by  Schroeder*,  Cohn*, 
Winkler  •,  Levy  \  H.  Schulze  •,  W.  Schulze  •  and  Rauth  '•),  the  TrifoUeae  (by 
G.  Fischer  "),  the  Loteae  (by  W.  Schmidt ")  and  the  Vicieae  (by  Streicher  "). 

The  epidermis  of  the  leaf  in  these  groups  shows  features  sunilar  to  those 
found  in  the  Tribes  previously  investigated,  the  characters  being  for  the  most 
part  of  value  in  specific  diagnosis.  In  many  Podalyrieae  and  also  in  certain 
Genisteae  the  cuticle  exhibits  verrucose  thickenings  ;  this  feature  is  conmionly 
combing  with  the  i)enetration  of  peg-shaped  or  lamella-like  processes  of  the 
cellulose-membrane  into  the  outer  cuticukurized  portion  of  the  external  wall ; 
this  leads  to  a  peculiar  structure  as  seen  in  surface-view  ('  pseudo-pitting '  or 
'  internal  striation ').  Lateral  walls  exhibiting  angular  folds  have  recently 
been  observed  also  in  Anagyris  foetida^  Ten.,  species  of  Ononis,  Trigondla^ 
Mdilotus  and  Trifolium^  and  species  of  Secungera^  Dorycnium^  Lotus  (see 
Syst.  Anat.,  p.  256,  footnote  i),  AnthyUis^  Hymenocarius  and  Hosackia ;  epider- 
mal cells  of  prosenchymatous  shape  have  been  recorded  in  s{>ecies  of  Latnyrus ; 
epidermal  cells  elongated  transversely  to  the  midrib  in  species  of  Eidaxia  and 
Trifolium ;  special  small  (empty  ?)  cells  in  the  epidermis  in  certain  species  of 
Lupinus.  Formation  of  papillae  is  a  common  feature ;  the  papillae  vary  in 
shape,  are  sometimes  solia  or  reduced  to  cuticular  humps,  and  may  be  {^-esent 
either  on  both  surfaces  of  the  leaf  or  only  on  one.  An  important  point  vdth 
reference  to  the  gelatinization  of  the  epidermis  lies  in  the  fact  that  epidermal 
cells  with  mucila^ous  inner  membranes  have  not  been  observed  in  any  member 
of  the  Loteae,  TrifoUeae  or  Vicieae. 


'  Species  of  the  foUowing  genera  were  examined :  Anagyris,  Ptpianikus,  Tk*rm§psis  and 
BapHsia  (northern  hemisphere) ;  Cyclopia  and  Podafyria  (Cape  of  Uood  Hope) ;  Brackysema^ 
Oxyhbium^  Choriuma  and  MirMia  (Australia). 

'  Species  oflsotropis,  Gompholohium,  Bwioniat/acksonia,  SphaeroMium,  Vimitwria,  DavUHa^ 
Aotus,  PhyUota, 

'  Spedet  of  Gastrohbium,  FuUetuua,  LatroUa,  En/axta,  DiUwymia. 

*  Species  oiLiparia,  PritstUya,  AmphithaUa,  Latkriogym,  Coelidium,  PUUylohium,  Bsssiaea, 
TempUUma,  Hooea,  GoocUa, 

'  Spedet  of  BorbomU,  Rofma,  Euchhra,  Lotonanis,  Rothia,  Lebeckia,  Viborgia. 

*  Species  of  Crotalaria  and  Priontropis. 

^  Species  qH  AspdUUkus,  Buchenroidera^  Melokbium,  Dickiius,  HtylmtHa, 

*  Spedes  of  Lupinns  and  Argyrohbium, 

*  Spedet  of  Genista  with  Anartkropkylhtm,  Adenocarpus,  Cafycoiome, 

^  Spedes  of  Laburnum,  Petttria,  Spartium,  Erinacea,  Ulex,  Cytisus,  ffypocafyptus  and 
Loddigesta. 

^  Spedes  of  Ononis,  TrigomUa,  Msdicago,  MeliiUus,  TrifoHum, 

^  Spedes  of  Antkyllis,  Helmintkpcarpum,  Hymonocarpm,  Securigtra,  Cytisopsis,  Dotycmmmy 
Lotus,  Hosackia, 

^  Spedes  of  Cicer,  Vicia,  Ltns,  Lathyrus,  Pisum,  Abrus» 
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The  paeudo-pitting  or  internal  striation  above  referred  to  has  bean  observed 
in  the  f (lowing  cases :  (i)amon^thePodalyrieae,in  spedes  of  C>fcA)^a»  Poiolyna, 
Oxy labium,  Gampholobium,  Davtesia,  Actus,  BurUmia  (here  penetrating  into  the 
I>apiliae  in  the  form  of  radiating  tufts),  Pultenaea ;  ( 2 )  among  the  Genisteae,  in  species 
of  Aspalathus,  and  in  Lupinus  coriaceus,  Benth. 

Papillose  epidermal  cells  have  recently  been  observed  as  follows  :  (i)  among 
the  Poaalvrieae»  in  species  of  Cyclopia,  Brachysema,  Oxylobium,  Ckcfig$ma,  Mirhelia, 
Gompholobium,  Butrtania,  Sphtterolobium,  Daviesia,  AaHis,  Pkyllcia,  GastrolMum, 
Pultenaea,  Lairobea,  Eutaxta,  Dillwynia ;  (2)  amon^  the  Genisteaet  in  species  of 
Liparia,  Priestleya,  Coelidium,  Bossiaea,  Templetoma,  Hovea,  Goodia,  Crotalaria, 
Prioritropis  (P.  cvtisoides,  W.  et  A.)»  Lupinus  (only  isolated  epidermal  cdls),  Argyro- 
labium  (only  isolated  epidermal  cells)»  Genista  (also  in  G.  pilosa,  L.  according  to 
Kdhne,  cf.  W.  Schulze),  Adenocarpus,  Calycotome,  Laburnum,  Spartium,  Cyttsus, 
Hypocalyptus,  Loddigesia ;  (3)  among  the  Trifolieae,  in  species  of  Trifalium;  (4) 
amon^  die  Loteae,  in  species  of  Anlhyllis,  Dorycnium,  Lotus,  Hosachia  ;  (5)  among 
the  Videae,  in  Abrus  tenuiflorus.  Spruce ;  (6)  amon^  the  Gal^eae,  also  in  Indigo- 
fera  Gerardiana,  WalL  (according  to  Kdhne  ^).  Specially  noteworthy  forms  are  the 
papillae  of  Burtonia  scabra,  R.  Br.  and  B.  villosa,  Aieissn.,  which  are  provided  with 
a  coronulate  apex  and  are  connected  by  reticulate  cuticular  ridges,  and  the  papillae 
of  Dillwynia,  especially  Z>.  hispida,  lindL,  which  form  longitudmal  rows  projecting 
in  the  form  of  ndges. 

Epidermal  cells  with  mucilaginous  inner  membranes  have  been  recorded  in 
the  fdlowing  cases:  (i)amon^  the  Podalyrieae,  in  species  of  Cyc/o/>M,Bra^Ays^^ 
Oxylobium,  CkoriMema,  Mirbelta,  Burtonia,  Sphaerolobium,  Viminaria,  Aotus,  PhyU 
lota,  Gastrolobium,  Pultenaea,  Latrobea,  Eutaxta,  Dillwynia ;  (2 ) among  the  Genisteae» 
in  species  of  PlaPylobium,  Bossiaea,  Templetonia,  Hovea,  Goodia,  Borbonia,  Rafnia, 
EuMora,  Lotononis,  Rothia,  Lebeckia,  Viborgia,  Aspalathus,  Melolobium,  Dichilus, 
Heylandia,  Crotalaria,  Prioritropis,  Argyrolobium,  Genista,  Adenocarpus,  Calycotome, 
Laburnum,  Petteria,  Spartium,  Erinacea,  Ulex,  Cytisus. 

Hypoderm  has  recently  been  recorded  among  the  Podal)nieae  in  species 
of  the  genera  Daviesia  (on  both  sides),  PuUenaea,  Eutaxta  and  Dilb^ynia 
(here  on  the  lower  side,  and  filled  with  brown  contents),  as  well  as  in  Crotalaria 
iunulata,  Heyne  (on  the  upper  side)  and  Cicer  subaphyUum,  Boiss.  (here  in  the 
leaf-spines).  Thm  vertical  walls  are  found  in  the  epidermal  cells  in  species 
of  PeUeria  (in  the  neighbouring  cells  of  the  stomata)  and  CyUsus. 

There  is  again  no  uniformity  in  the  type  of  stoma  found  in  the  Tribes 
Podal^eae,  Genisteae,  Trifolieae,  Loteae  and  Vicieae.  In  the  Podalyrieae 
the  pairs  of  guard-cells  are  very  often  surrounded  by  a  varying  number  of 
ordinary  epidermal  cells,  but  the  foUowins  additional  types  of  stcnnata  have 
been  noticed  in  this  Tribe  :  stomata  with  four  neighbouring  cells,  two  of  wbdch 
are  parallel  to  and  situated  to  the  right  and  left  of  the  pore  (in  species  of 
Brachysema,  Oxylobium,  Dillwynia,  and  in  Aotus  cordifoUa,  Benth.) ;  stomata 
with  three  neighbouring  or  subsidiary  cells  (in  species  of  JacksorUa,  Sphatro^ 
labium,  GastroJobitdm,  PuUenaea  and  Latrobea) ;  and  stomata  of  the  Rubia- 
ceous  tvpe  (in  species  of  Jacksonia,  Eutaxia  and  Dillwynia).  In  the  (jenisteae 
the  following  types  are  found :  stomata  approximating  to  the  Cruciferous 
tyi)e  (in  species  of  Rafnia,  Barbonia,  Lotonottts,  Lebeckia,  Viborgia,  CroMana, 
Priari^opts);  stomata  showing  an  approximation  to  the  Rubiaceous  type 
(in  Hovea,  Hypocalyptus  and  Barbonia  crenata,  L. ;  in  the  last  only  some  of  the 
stomata  belong  to  this  type) ;  and  lastly,  stomata  surrounded  by  a  rosette 
of  epidermal  cells  of  the  nature  of  subsidiary  cells  (in  Templetonta,  Ldhsckia 
psiloloba,  Walp.  (on  the  axis),  and  species  of  AnartkrophyUum  and  Genisia). 
For  most  of  the  Trifolieae  Fischer  records  3-4  (rarely  more)  neighbouring 
cells  arranged  according  to  the  Ranunculaceous  t}rpe ;   Ononis  alone  f dlows 

*  In  KohDe's  paper  (loc.  dt)  a  number  of  species  of  Co/utea  and  Robinia  are  also  mentioned  as 
bavkig  a  papiUoM  epidermis  ia  the  leaf;  Weyland,  who  inYeatigated  the  Gakgeae,  did  Mt  examine 
these  species. 
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the  RubiaceoQS  type.  According  to  Schmidt,  the  neighbouring  cells  (numbering 
usually  3-4»  rarely  2  or  6-7)  of  the  stomata  in  the  Loteae  are  not  specialised. 
Nor,  according  to  Streicher,  are  tlu^e  of  the  Videae;  but  in  species  of 
Cicety  Vicia,  Lens  and  LaOiyrus^  a  small  number  of  stomata  have  been 
observed  with  a  parallel  subsidiary  cell  situated  to  the  right  and  left  of  the 
pore ;  in  Abrus  there  are  four  subsidiary  cells,  of  which  one  is  occasionally 
placed  on  either  side  of  and  parallel  to  the  pore.  The  stomata  situated  on 
the  assimilating  branches  of  certain  species  01  Jacksonia  are  sunk  and  require 
special  mention.  The  pores  of  the  stomata  are  here  placed  parallel  to  the 
vertical  direction,  and  are  accompanied  either  by  two  (in  this  case  parallel 
to  the  pore)  or  three  subsidiary  cells,  which  have  remarkably  thin  walls  ;  the 
guard-mis,  together  with  their  subsidiary  cells,  are  sunk  in  the  surface  of  the 
branch  in  a  deep  pit,  which  generally  has  a  lon^,  narrow  outline.  On  that 
part  of  the  marsin  of  the  pit,  moreover,  which  is  situated  nearest  the  base 
of  the  stem,  a  hair  is  inserted,  the  terminal  cell  of  which  has  thin  walls 
and  wide  lumina  and  covers  in  the  pit.  With  reference  to  the  distribution 
of  the  stomata  on  one  or  both  surfaces  of  the  leaf,  the  following  facts  may 
be  mentioned :  in  the  TrifoUeae  and  Loteae  which  have  been  investigated, 
the  stomata  are  invariably  present  on  both  sides ;  in  the  rolled  leaves  of 
certain  genera  of  the  Podalyrieae  (viz.  PuUenaea,  Eutaxia  and  DtUwynia, 
in  which  the  leaves  are  furrowed  on  the  upper  surface),  as  well  as  in  CoeUdium 
(Tribe  Genisteae),  the  stomata  are  confined  to  the  upper  side*.  The  stomata 
are  very  commonly  placed  parallel  to  one  another,  their  pores  being  at  the 
same  time  directed  parallel  to  the  midrib  of  the  leaf.  A  more  striking  feature 
is  furnished  by  stomata  which  lie  parallel  to  one  another,  but  are  arranged 
transversely  to  the  midrib  of  the  leaf  or  to  the  vertical  axis  of  the  branch,  as 
the  case  may  be ;  e.g.  on  the  leaves  in  species  of  Etdaxia  and  in  Lairobea 
tenella,  Benth.,  and  on  the  assimilating  axes  of  Daviesia  divariccUa^  Benth. 
(Tribe  Podalyrieae),  as  well  as  on  the  leaves  of  Anarikrophyllum  Cumingii, 
Phil.  f.  and  i.  andicolum,  Phil.  f. 

The  foUowing  features  of  the  mesophyll  may  be  noted  :  the  central  pith- 
like tissue,  found  in  the  terete  or  narrow  leaves  of  species  of  Daviesia  and 
Lebeckia ;  the  parench3nna  in  the  interior  of  the  acicular  leaves  of  species 
of  Aspalathus,  which  envelops  the  vascular  system  and  resembles  a  pith ; 
the  occurrence  of  weakly  developed  spicular  fibres,  which  are  connected  with 
the  sclerenchyma  of  the  veins,  in  speaes  of  PuUenaea^  DiUwynia  and  Bossiaea, 
and  of  sclerosed  parenchymatous  cells  in  species  of  Buchenroedera. 

For  details  as  to  the  structure  of  the  veins,  the  reader  is  referred  to  the 
papers  cited  below.  The  smaller  veins  of  the  leaf  are  vertically  transcurrent 
m  certain  Podalyrieae,  Genisteae,  TrifoUeae  (species  of  Trifolium)  and  Vicieae 
(Abrus).  Sclerenchyma  is  occasionally  not  developed  in  the  veins ;  this  is 
specially  often  the  case  among  the  herbaceous  species.  According  to 
Streich^,  the  sclerench3mia  in  the  veins  of  Vicia,  Laihyrus^  Lens  and  Pisum 
is  confined  to  the  side  on  which  the  xylem  is  situated.  In  those  species  of 
Daviesia  (Tribe  Podal)nieae),  in  which  the  leaves  are  approximately  horizontal 
and  of  some  breadth,  the  median  veins  consist  of  two  opposite  systems  of 
vascular  bundles  with  their  xylem-groups  abutting  on  one  another  ('  double 
vascular  bundles ') ;  the  lateral  veins  either  contain  *  double  vascular  bundles ' 
of  the  same  type,  or  exhibit  a  row  of  simple  bundles  in  transverse  section, 
the  xylem-^oups  of  these  bundles  being  directed  alternately  towards  the 
upper  and  Tower  side  of  the  leaf.    An  annular  arrangement  of  the  vascular 


^  Kobne  (loc  eit)  states  that  the  stomata  are  confined  to  the  .upper  side  of  the  leaf  also  in 
dnista  kitptmica  and  G,  stricea,  as  well  as  in  Lttpedeua  sericca  (Hedysaitae) ;  according  to 
W.  Schnlse  this  is  inconect  in  the  case  of  the  first  two  species. 
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btmdles  is  found  also  in  the  leaves  of  the  species  of  Lebeckia,  which  contain 
a  tissue  resembling  a  pith  in  their  interior.  Sheaths  composed  of  large 
parench3nnatoiis  ceOs  occur  in  certain  Podalyrieae,  Genisteae  and  Lotea^ 
and  enlarged  terminal  tracheids  or  storage-tracheids  are  present  in  certain 
representatives  of  the  same  three  Tribes. 

In  dealing  with  the  secretory  organs  we  will  first  consider  the  tannin- 
sacs.  Their  distribution  in  the  Tribes  which  have  been  recently  investigated 
is  as  follows  :  They  are  present  in  the  leaf  in  certain  Podalyrieae  and  Loteae ; 
in  the  Tribe  Genisteae  they  occur  only  in  Goodia ;  in  the  Tribe  Trifolieae 
distinctly  differentiated  sacs  have  becoi  demonstrated  only  in  Patocketus ; 
and  in  uie  Tribe  Vicieae  they  are  altogether  wanting.  ' 

To  the  synopsis  on  p.  260  we  may  add : — i  a.  Podalyrieae :  According  to 
Prenger,  Burkle  and  Huhner,  tannin-idioblasts  are  found  in  the  leaves  of  certain 
species  of  Cyclopia^  Brachysema,  Oxylobium,  Chorixema,  Mirhelia,  Aotus,  Phyllota, 
PulUnaea,  Latrobea,  Eutaxia  and  Dillwynia.  i  6.  Genisteae :  Schroeder  reccmis  ^e 
occurrence  of  sac-shaped  tannin-cells  in  the  palisade- tissue,  and  of  a  hypodermal  layer 
of  cells  filled  with  brown  contents  in  the  spongy  tissue  in  Goodia,  a  genus  which 
is  anomalous  also  in  the  possession  of  trifoliate  leaves,  and  should  probably  be 
transferred  to  the  Galegeae.  2.  Trifolieae :  Tannin-sacs  have  been  observed  by 
G.  Fischer  only  in  the  parenchyma  of  the  veins  of  Parochetus  communis,  Hamilt. ; 
they  have  wide  lumina  and  are  arranged  in  rows.  3.  Loteae :  According  to 
W.Schmidt,  tannin-sacs  occur  in  the  leaves  in  Anthyllis  pro  parte,  Helminthocarpum, 
Cytisopsis,  Dorycnium,  Lotus  pro  parte,  and  Hosackia  (but  not  in  Hymenocarpus 
and  Securigera).  6  a,  Vicieae :  According  to  Streicher,  there  are  no  tannin-sacs 
in  the  leaf.  9.  Swartzieae :  According  to  Guignard,  tannin-sacs  are  present  also 
in  Cordyla  (primary  cortex  and  parench3nnatous  pericycle). 

Other  types  of  secretory  cells  have  recently  been  observed  by  J5nsson, 
viz.  mucilage-sacs  in  the  palisade  tissue  of  '  (faragana  ftuUscens,  DC  and 
mudlage-ceUs  in  the  secondary  cortex  of  Alhagi  camdorum^  Fisch.  With 
these  we  may  class  the  mucilage-lacimae  which  the  same  author  found  in 
older  parts  of  the  axis  of  Alhagi  camelorum  and  Halimodendron  argenieum, 
DC. ;  these  lacunae  are  situated  in  the  secondary  cortex  in  the  former  species, 
and  in  the  pith  and  secondary  cortex  in  the  latter.  We  may  also  point  out 
here  that  Lebeckia  ?  retamoides,  in  which  G.  Cohn  found  rounded  secretory 
cells  with  resinous  contents,  bdongs  to  the  genus  Tepkrosia  (see  Solereder, 
loc.  at.).  ^ 

Secretory  cavities  have  also  been  demonstrated  in  AnthyUis  Genistae, 
Duf  .^  They  are  confined  to  the  leaf,  and  consist  of  ordinary  intercellular  spaces 
filled  with  a  bright  yellow  resinous  secretion,  which  is  soluble  in  alcohol ; 
they  are  connected  with  the  remaining  intercellular  spaces  and  thus  recall 
the  secretory  receptacles  found  in  Denis,  &c.*  According  to  Guigpard,  closed 
schizogenous  secretory  cavities  occiu:  in  the  leaf  of  Cordyla  afncana.  Lour* 
<Tribe  Swartzieae) ;  m  the  branch  of  the  same  plant  they  are  replaced  by 
schizogenous  secretory  canals  (situated  in  the  primary  cortex,  but  not  in  the 
pith  or  wood). 

New  forms  of  crystals  of  oxalate  of  lime  or  typical  clustered  crystals 


^  In  view  of  the  isolated  occurrence  of  secretory  cavities  in  this  species  (the  cavities  are  wanting 
in  the  doselv  related  A.  cytistndts,  L.  and  A.  J/ermanHtae,  L.)  it  may  be  expressly  pointed  out  that 
« leaflet  of  tbe  original  plant  (Herb.  DC.)  has  also  been  examined. 

*  Secretory  cavities,  provided  with  a  loose  papillose  epitheliom  (similar  to  those  found  in  certain 
species  QiLmckocarpui)  have  recently  been  recorded  by  Geiger  (see  also  Duval)  also  in  Swarttia 
cUcipiem,  Holmes,  the  leaves  of  which  constitute  a  new  form  of  adulteration  of  Jaborandi-leaves. 
In  all  probabUity,  howevcfr,  S,  dicipitm^  Holmes  no  more  belones  to  the  genus  Swarizia  than  does 
the  plant  (Spruce,  No.  1197,  Brasii)  previously  investigated  by  Kopff  and^  described  as  S.  mlttma, 
Benth.;  the  latter  exhibits  •secretory  masses  envelop^  by  bracket-cells^*  as  in  certain  species  of 
LoHckocarpHt  and  Derris, 
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have  not  been  recorded  ^  All  the  Australian  genera  of  the  Podalyrieae 
possess  ordinary  lai^e  rhombohedral  crystals  or  hemitropic  forms  of  such 
crystals,  which  are  often  rod-shaped ;  the  crystals  of  this  iy^  are  occasionally 
accompanied  by  small  prismatic  or  acicular  crystals.  The  latter  are  the  only 
forms  of  crystals  present  in  the  genera  endemic  in  the  region  of  the  Cape 
(Cyclopia  and  Podalyria)  and  in  those  inhabiting  the  northern  hemisphere 
(Anagyris^  Piptantkus,  Thermopsis  and  Bapiisia).  Among  the  Genisteae 
ordinary  large  crystals  or  their  hemitropic  forms  occur  only  in  PkUylobium, 
Bosstaea,  Templeioniay  Hovea  and  Goodta,  while  small,  cubical,  prismatic  or 
adcular  crystals  are  found  in  Liparia,  Priestteyay  AmpkUhaUa^  Lafftriogyne, 
Codidium^  Borboniay  Lebeckia,  Vtborgia,  Aspalathus,  Melolobium,  Cramaria, 
Prioritropis,  LupinuSy  Argyrolobium,  Genista^  AnartkrophyUum,  Adenocarpus^ 
Calycohmcy  PeUeria,  SparUum^  Utex^  CyUsus^  and  Hypocalyptus.  Among 
the  TrifoUeae  Patochdus  is  the  only  genus  in  which  ordinary  soUtary  crystals 
are  absent ;  together  with  crystals  of  this  type  small  crystals  occur  in  the 
mesophyll  or  epidermis.  In  the  Tribe  Loteae,  ordinary  solitary  crystals  have 
likewise  been  demonstrated  in  all  the  genera  with  the  exception  of  Hdmin- 
(kocatpum ;  in  certain  species  of  Lotus  and  Dorycnium  these  crystals  attain 
a  specially  large  size  and  have  a  distinct  styloid-like  shape  ;  crystalline  grains 
have  also  been  observed  in  certain  species  of  Anthyllis,  Securigera^  Lotus  and 
Hosackia.  Lastly,  ordinary  large  solitary  crystals  have  been  recorded  also 
in  the  genera  of  the  Vicieae ;  in  species  of  Cicer^  Vicia  and  Laihyrus  small 
crystalhne  bodies  are  found. 

Cells  fiUed  with  rod-shaped  crystals  (of.  p.  266)  have  recently  been  observed 
in  the  palisade-tissue  in  the  followmg  species  :  among  the  Podalyrieae,  in  species 
of  Isotropis,  Daviesia,  Pultenaea^  Latrohea  and  Eutaxia ;  among  the  Genisteae, 
apparently  (see  Schroeder)  in  species  of  PlafyMnum,  Bossiaea,  TempleUmia  and 
Hovia ;  among  the  TrifoUeae,  ODly  in  Ononis  speciosa.  Lag.  and  a  few  species 
of  Tri folium ;  among  the  Loteae,  in  species  of  AnthyUis,  Cytisopsis,  and  Lotus 
(L.  trichocurpus.  Lag.) ;  among  the  Vicieae,  in  species  of  Vicia  {V,  Gerardi^  Vill.), 
Lathyrus  (L.  aureus,  Stev.),  and  Abrus  (A,  Schimperi,  Hochst.) ;  among  the  Dal- 
bergieae,  also  in  Derris  dliptica^  Benth.  (according  to  Quanjer). 

To  the  enumeration  (on  p.  266)  of  species  having  large  solitary  crystals 
in  the  epidermis  of  the  lestf  we  may  add  Abrus  precatorius,  L.  (Tribe  Vicieae). 
In  this  species  both  the  upper  and  lower  epidermis  contain  small  groups  of 
2-7  (mostly  ^)  cells,  each  01  which  encloses  a  rod-shaped  crystal ;  the  latter 
is  embedded  m  the  thickened  inner  wall  of  the  epidermal  cell  with  its  longi- 
tudinal axis  parallel  to  the  surface  of  the  leaf. 

Of  special  features  it  remsuns  to  mention  :  (a)  sphaerocrystaUine  masses 
of  unknown  chemical  composition  which  have  been  observed  in  the  epidomis 
of  the  leaves  (for  the  most  part  in  herbarium  material)  in  species  of  the  genera 
Anagyris,  Piptanlkus,  Thtrmopsis^  Cydopia^  Podalyria,  Chorizema,  Phyllota, 
PuUimaea,  Latrobea,  Eutaxia,  DUlwynia  (Podalyrieae),  and  of  tilie  genera 
Hovea,  Aspalatkus,  Crotalaria  and  Argyrolobium  (Genisteae) ;  (6)  small  bodies 
resembling  indigo  or  indican  have  been  found  in  the  mesop^ll  of  the  dried 
leaves  in  species  of  Mdolobium,  Crotalaria  and  Prioritropis  (Iribe  (lenisteae), 
in  species  of  Hymenocarpus,  Hdminihocarpum,  Lotus  and  Hosackia  (Tribe 
Loteae),  and  in  species  of  Lens  and  Latkyrus  (Tribe  Vicieae) ;  (c)  lastly,  sub- 
stances resembling  saponin  occur  as  shapeless  masses  in  the  epidermal  ceUs 
of  species  of  Aspalatkus  (Tribe  Genisteae). 


'  For  the  occantnoe  of  sphaerites  and  clustered  crystab  in  the  embryo  of  the  PapiUooaoeae,  see 
Caldaieia,  in  Atti  Accad.  Gioenia  Sc.  nat.,  aer.  4,  vol.  xi,  1898  (abstr.  in  Jut,  1898,  ii,  p.  331); 
also  Lindinger,  Diss.,  1903,  p.  lo. 
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In  the  Tribes  recently  investigated  the  ordinary  type  of  clothing  hair 
is  again  in  the  form  of  uniseriate  trichomes,  consisting  of  three  ceUs,  viz. 
(a)  a  frequently  enlarged  epidermal  cell,  serving  as  a  bs^  cc^ ;  (b)  a  short 
neck-  or  stalk-cell^  which  is  occasionally  distinguished  by  having  special 
contents  and  by  being  suberized ;  and  (c)  an  dongated  terminal  cdl,  of 
variable  character.  The  terminal  cell  shows  either  uniform  or  tmilateral 
thickening  or  is  provided  with  a  spiral  thickening  band,  which  mostly, 
however,  makes  only  one  or  two  turns ;  occasionally  the  terminal  cell  is 
band-shaped  and  twisted,  while  in  Ahrus  it  bears  a  characteristic  awn-like 
process.  The  longitudinal  wall  of  the  end-ceU  frequently  bears  vemicose 
or  p^-shaped  irregularities,  sometimes  resembling  papillae,  e.g.  in  certain 
Podalyiieae  (species  of  Thermopsis  and  Baptisia\  Genisteae  (species  of  Lupinus) 
and  TrifoUeae  (species  of  TrigoneUa^  Medica^o,  Meliloius  and  TfifoUum). 
The  terminal  cell  of  the  trichomes  found  in  Hosackia  puberula,  Benth.  and 
H.  strigosa,  Nutt.  is  unevenly  thickened,  the  thicker  parts  of  the  wall  being 

i)rovided  with  two  or  three  peg-like  protuberances,  which  project  into  the 
umen  of  the  cell.  Socket-like  prominences,  formed  by  the  subsidiary  cells  of 
the  hairs,  are  found  in  certain  TrifoUeae  (species  of  Tfifolium)^  Loteae  (species 
of  Hymenocari>us^  AnthyUis^  Dorycnium^  Lotus  (especially  Tetragonololms)  and 
Hosackia)  and  Vicieae  (species  of  Cicer^  Vida  and  Latkyrus). 

Deviations  from  the  ordinary  type  of  three-celled  clothing  hairs  have 
been  recorded  as  follows  :  (a)  among  the  Podaljpeae,  in  the  genera  Gompho- 
lobium  and  Daviesia  ;  the  former  has  simple  tmck-walled  trichomes,  divided 
either  by  a  single  thin  transverse  wall,  which  se^ents  the  hair  into  two  equal 
halves,  or  by  several  thin  transverse  walls  ;  Daviesia  has  unicellular  trichomes, 
which,  however,  show  transitions  to  the  papillae  present  on  the  epidermal 
cells ;  (h)  among  the  Genisteae,  in  Bosstaea  scolopendria,  Sm.,  which  has 
uniseriate  trichomes,  composed  of  4-5  relatively  short  cells ;  (c)  among  the 
TrifoUeae,  in  Ononis^  in  which  imiseriate  trichomes  are  of  general  occurrence ; 
they  are  mostly  formed  by  4-8  cells  of  approximately  equal  length,  and  are 
generaUy  narrow  and  flagelUform,  more  rarely  conicad ;  in  aU  probabiUty, 
however,  they  may  be  derived  from  the  glandular  hairs  which  are  found  m 
this  genus  (regardmg  this  point,  see  G.  Fischer),  these  hairs  having  long  uni- 
seriate stalks  ;  (d)  lastly,  among  the  Vicieae,  the  hairs  which  are  intercalated 
among  the  external  glands  in  the  extrafloral  nectaries  of  the  S];)ecies  of  Vicia ; 
these  hairs  consist  of  a  high  basal  ceU  and  an  elongated  terminal  ceU,  which 
has  relatively  thin  walls  and  is  occasionaUy  subdivided  by  a  transverse  waU. 

A  characteristic  type  of  three-ceUed  clothing  hairs  has  recently  been 
observed  in  the  form  of  trichomes  with  a  distinctly  two-armed  terminal  cell, 
the  arms  being  of  equal  or  unequd  length ;  these  occur  in  species  of  Oxylobium^ 
Chorizema,  Mirbelia^  Jacksonia,  PuUmaea  and  DiUwynia  (Tribe  Podalyrieae), 
and  in  species  of  Hovea,  Lotononis^  Lebeckia,  Aspalaihus^  Buchenroedera^ 
Cfotalaria  (rare).  Genista  (rare),  Calycotonu,  Erinacea  and  Cytisus  (Tribe 
Genisteae),  while  the  hairs  in  certain  species  of  PriesUeya^  Aspalaihus  and 
Genista  (Tribe  Genisteae)  only  show  a  tendency  to  develop  this  structure. 

External  gl&nds  are  of  general  distribution  among  the  TrifoUeae  and 
Vicieae.  Among  the  Genisteae  they  are  found  only  in  Aaenocarpus  and  Meh- 
lobium,  and  among  the  Loteae  only  in  Securigera,  while  they  are  completely 
wanting  in  the  Podalyrieae.  The  glandular  hairs  occurring  in  the  genera 
ParochetuSf  TrigoneUa,  Medicago,  Melilotus  pro  parte  and  Trifolium  (TrifoUeae) 
are  smaU  and  have  short  staUcs ;  as  a  rule  they  consist  of  (a)  a  smaU  basal 
ceU,  (6)  a  short,  uni-  or  biceUular  stalk  which  is  more  or  less  demarcated,  and 
(c)  an  elUpsoidal  or  club-shaped  head,  which  is  elongated  to  a  varying  extent 
and  is  subdivided  by  horizontal  walls  and  often  by  vertical  walls  as  weU.  On 
the  other  hand  the  glandular  hairs  found  in  Ononis,  and  in  Medicago  lupulina,  L., 
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M,  prostrata,  Jacq.,  and  Af .  scukllata.  All.,  mostly  have  long  stalks  and  are 
visible  to  the  nak^  eye ;  the  stalk  is  uniseriate,  the  component  cells  showing 
a  gradosd  decrease  in  bidk,  breadth  and  thickness  of  wall  towards  the  upper 
end,  while  the  multicellular  ellipsoidal  head  is  divided  by  longitudinal  and 
transverse  walls ;  the  hairs  of  this  type  are  accompanied  by  other  external 
glands  which  have  shorter  stalks,  but  otherwise  vary  in  structure.  Among 
the  Vicieae,  Ciccr  has  glandular  hairs  which  are  visible  to  the  naked  eye ; 
these  trichomes  have  a  long  imiseriate  stalk  composed  of  4-^  cells,  and  a 
head,  which  in  most  cases  comprises  four  multicellular  tiers.  The  remaining 
Vicieae  only  have  small  external  gUmds  with  a  short  stalk  and  a  more  or  less 
sharply  demarcated  head,  which  usually  consists  of  two  or  more  cells  and  is 
club-shaped ;  only  in  rare  cases  is  the  head  elongated  and  tubular  (species 
of  Lafhyrus  and  Pisum),  or  composed  of  four  celb  and  peltate,  the  shield 
having  a  lobed  margin  and  showing  excentric  insertion  on  the  stalk  (Lathyrus 
hirsulus,  L.).  The  external  glands  found  in  the  genus  Adenocafbus  (Genisteae) 
are  confined  to  the  ovary  and  the  fruit ;  they  are  multicellular  glandular 
shaggy  hairs,  columnar  in  shape  and  broadened  in  a  capitate  manner  at  their 
apex.  The  unicellular  glands  of  Melolobium  (Tribe  Genisteae)  consist  of  a  short 
stalk  and  a  globular  head ;  the  base  of  these  hairs  is  inserted  either  directly 
in  the  epidermis  or  at  the  apex  of  a  conical  pedestal,  composed  of  parenchyma. 
The  multicellular  emergences  occurring  on  the  different  parts  of  the  axis  in 
the  monotypic  genus  Securigera  (Loteae)  are  recognizable  with  the  naked  eye  ; 
their  apex  bears  a  cell  containing  secretion. 

The  extrafloral  nectaries  found  in  the  species  of  Vicia  are  formed  by 
shortly  stalked  glands  intermingled  with  anomalous  forms  of  clothing  hairs  ; 
they  occur  in  species  of  the  section  Euvicia  and  in  V.  bithynica,  L.  The  honey- 
secreting  organs  discovered  by  Delpino  (Malpighia,  iii,  1880,  p.  345)  on  the 
lower  side  of  the  leaves  in  Glycine  sinensis  have  not  yet  been  closely  examined. 

For  the  structure  of  the  spiny  rachis  of  the  leaf  of  Halimodendran  and  Cora- 
ganOy  see  Mittmann  and  LotheUer  respectively ;  for  the  anatomy  of  the  stipular 
spines  of  Robinia,  see  Mittmann.  V/e  may  add  that  the  anatomy  of  the  spiny 
stems  of  Ononis  is  dealt  with  by  Mittmann,  that  of  the  stem-spines  of  Ulex  and 
Genista  by  LotheUer,  U.  cc. 

3.  Structure  of  the  Axis.  New  investigations  on  the  structure  of  the 
axis  have  been  published  especially  by  Prenger  and  Hiihner  (Podalyrieae  ^), 
by  Schroeder,  Cohn,  Winkler,  Levy,  H.  Schulze,  W.  Schulze  and  Rauth 
(Genisteae'),  and  by  Streicher  (Vicieae'),  11.  cc. 

The  general  features  presented  by  the  structure  of  the  wood  in  these 
Tribes  are  identical  with  those  which  have  been  previously  recorded.  To 
the  statements  made  on  pp.  272,  273  regarding  the  structmre  of  the  vessels 
we  may  add  that  sieve-like  structmre  of  the  bordered  pits  is  found  also  in 
species  of  Argyrolobium,  Hypocalyptus  and  Laburnum,  and  spiral  thickening 
of  the  pitted  vessels  also  in  species  of  Amphithalea,  Anagyris,  Argyrohbium, 
Coelidium,  Erinacea,  Laburnum^  Lathriogyne,  Lebeckia,  Liparia,  LotononiSy 
PeUeria^  Platylobium  and  PriesUeya.  Another  noteworthy  feature  is  con- 
stituted by  the  broad  medullary  rays  of  the  wood  in  Lebeckia  microphylla, 


*  Spedes  of  Anagyris,  Piftan/hus,  TAermopsis,  Baptisia,  Cyclopia,  Podaiyria,  Brachystma, 
OxyloHum^  Chornema,  Mirbtha,  Gustrolobium^  Pultenaea,  Latrobea,  Eu/axtOf  DiUwyma. 

*  Species  of  Liparia,  PriestUya,  AmphUhalea,  LathrUgym,  Coilidium,  Platylobium^  Bossiaea, 
TtmpleUmia,  Hovea^  Goodia^  Borbonia^  Rafnia^  Euchlora^  Lotonoms,  Jioikia,  Lebockiay  Viborgiay 
Crotalariay  Prioritropis,  Aspalathus,  Buchenroedera,  Melolobiumy  Dichilm,  Htylandia^  Lupinus, 
ArgyrohHumy  Genista,  Adenocarpus,  Calycotomt,  Laburnum,  Petteria,  Spartium,  EHnacea,  Ulex, 
Hfpocalypiut,  Laddigesia, 

*  Species  of  Cicer  and  Abrits, 
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Eckl.  et  Zeyh. ;  these  rays  arise  by  the  fusion  of  several  medullary  tays  in 
the  outer  part  of  the  secondary  wood. 

To  the  last  paragraph  but  two  on  p.  274  we  may  add,  that  a  tier-like  structure 
of  the  wood  is  found  also  in  Pongamta  glabra.  Vent.  (Quanjer) ;  to  p.  274,  last 
paragraph  but  one,  that  according  to  Saupe  the  wood  quite  generally  has  a  very 
loose  texture  in  the  Phaseoleae  (also  in  Stran^ylodon,  according  to  my  own  observa- 
tion), the  ground-work  being  formed  b^  thm-walled  wood-parench3ana  in  which 
groups  of  wood-fibres  are  inserted ;  tms  structure  is  what  we  should  expect  in 
view  of  the  fact  that  the  members  qi  this  Tribe  are  Uanes. 

Regarding  the  development  of  the  cork  the  following  new  facts  have  been 
published  (cf.  p.  276). 

Epidermal  development  of  the  cork  is  found  in  species  of  Oxylohium  (Tribe 
Podalyrieae),  Erinacea  and  Loddigesia  (Tribe  Genisteae),  Abrus  (Tribe  Vicieae), 
and  according  to  Oberlaender  also  Myroxylon.  The  cork  develops  in  the  first 
layer  of  primary  cortical  cells  in  species  of  Podalyria  and  Gastrolobium  (Trib^ 
Podalyrieae),  Liparia,  Priestieya,  Lathriogyne,  Coelidium,  Hovea,  Goodia,  Loiononis, 
Crotafariat  Prioriiropis,  Melolohium,  Calycotome,  Spartium  and  Hypocalypius  (Tribe 
Genisteae) ;  in  the  second  layer  of  the  primary  cortex  in  speaes  of  Themtopsis, 
Dillwynia  and  Eutaxia  (Tribe  Podalyrieae),  An^hiihalea  and  Buchenroedera  (Tribe 
Genisteae) ;  in  the  second  to  fourth  layer  in  species  of  Pultenaea  (Tribe  Podalyrieae), 
Argyrohbium  and  Laburnum  (Tribe  Genisteae) ;  in  the  middle  of  the  primary 
cortex  in  species  of  Anagyris  and  Piptanthus  (Tribe  Podalyrieae) ;  in  a  region  of 
the  primary  cortex  situated  near  the  pericycle  in  Cicer  (Tribe  Videae) ;  in  the 
innermost  layer  of  the  primary  cortex  in  HaJimodendron  argenteum,  DC.  (according 
to  Jdnsson).  Pericychc  cork-development  is  found  among  the  Genisteae,  also  in 
the  genera  Borbonta,  Lebeckia,  Viborgia^  Aspalathus,  Adenocarpus,  PetUria  and 
Ulex. 

For  the  development  of  the  cork  on  the  furrowed  stems  of  the  leafless  Papi- 
lionaceae,  see  the  respective  papers  by  Ross,  &c.,  which  have  already  been  dted 
in  the  earUer  part  of  this  work  ;  also  Levy  and  Rolh,  loc.  dt.  At  this  point  we  may 
also  refer  to  the  development  of  a  mucilaginous  cork  in  Halimodendron  areenUum, 
DC.,  on  the  basis  of  Jonsson's  description  ;  the  cells  formed  by  the  phellogen 
become  rounded  off  and  filled  with  a  mucilaginous  substance,  which  results  in 
their  ultimate  detachment.  Lastly,  in  a  few  spedes  of  Oxyhbium  (0.  arboresuns, 
R.Br.  and  0.  reiusum,  R.Br.)  Damm  met  with  a  '  cuticular  epitheUum '  (see 
under  Loranthaceae),  beneath  which  cork-formation  takes  place  in  later  stages. 

For  the  structure  of  the  cortex  in  the  leafless  Podalyrieae  and  (ienisteae 
and  the  anatomy  of  the  winged  stems,  see  also  the  papers  by  Burkle,  Schroeder, 
Rauth  and  Van  Tieghem  (1905). 

The  following  new  facts  (see  also  Pitard,  loc.  cit.)  regarding  the  nature 
of  the  pericycle  are  supplementary  to  those  previously  mentioned  (on  p.  278). 

The  following  genera  have  isolated  groups  of  bast-fibres :  among  the  Poda- 
l^eae,  Anagyris,  Piptanthus,  Thermopsis,  Baptisia,  Cyclopia,  Podalyria,  Oxylo- 
bium,  Chorizema,  Mtrbelia,  Gastrolobium,  Latrobea,  Eutaxta,  Dillwynia ;  among 
the  Genisteae,  Amphithalea,  Lathriogyne,  Coelidium,  Templetonia,  Goodia,  Rafnia, 
Euchlora,  Lotononis,  Rotkia,  Lebeckia,  Viborgia,  Crotalaria,  Prioritropis,  Aspalathus^ 
Buchenroedera,  Melolobium;  Dichilus,  Lupinus,  Argyrohbium,  Genista,  Adenocarpus, 
Calycotome,  Laburnum,  PetUria,  Spartium,  Erinacea,  Ulex,  Hypocalyptus,  Loddi- 
gesia ;  among  the  Videae,  Cicer.  At  certain  points  between  the  groups  of  bast- 
fibres  groups  of  stone-cells  are  occasionally  found ;  in  Bossiaea  microphylla,  Sm. 
the  isolated  groups  of  bast-fibres  become  secondarily  united  to  form  a  continuous 
strengthening  ring  owing  to  the  outermost  part  of  the  secondary  cortex  undergoing 
subsequent  sclerosis.  A  composite  and  continuous  ring  of  sclerenchyma  is  present 
in  the  pericycle  aJso  in  species  of  Brachysema  and  Pultenaea  (Tribe  Podalyrieae), 
Liparia,  Priestley  a,  Platylobium  and  Hovea  (Tribe  Genisteae),  and  Abr%$s  (Tribe 
Videae) ;  an  almost  continuous  and  composite  ring  in  Borbonia  (Tribe  Genisteae). 

It  is  interesting  that  the  secondary  thickening  layer  (which  consi|ts  of  ceUulose), 
in  the  fibrous  cells  constituting  the  T-shaped  groups  of  bast-fibres  found  ^  Genista 
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polygMlaefdiat  DC  and  G.  radiaiat  Scop.,  disappears  in  later  stages,  itfdbably  as 
the  result  of  the  action  of  a  ferment  dissolving  oellulose ;  this  tfaickening-la3^er 
is  therefore  of  the  nature  of  reserve-cellulose  (see  W.  Schulze  and  Rauth,  U.  cc.). 

Astelv  occurs  in  the  stem  of  TrifoUum  (Belli).  Cortical  vascular  bundles 
are  found  also  in  Borbonia  lancedaia,  L.  and  Viborgia  obcardata,  Thunb. 
(according  to  Cohn),  as  well  as  in  Genista  canariensis,  L.,  G.  prostrata^  Lam., 
and  G.  sagiUalis,  L.  (according  to  Van  Tiqe^hem),  but  by  no  means  in  all 
Papilionaceae  with  winged  stems  (see  Van  Tieghem,  loc.  at.,  1905). 

To  the  list  of  anomalous  structural  features  found  in  the  axis  (p.  279) 
we  may  add  the  occurrence  of  secondary  strands  of  wood  and  bast  in  the 

Jrimary  cortex  of  Denis  uliginosa^  Benth.  (Tribe  Dalb^^eae),  according  to 
*err£dls,  and  of  successive  rings  of  growth  in  Mucuna  giganiea^  DC.,  and 
Strongylodan  sp.  (Tribe  Phaseoleae). 

The  secondary  strands  of  wood  and  bast  in  Denis  tUiginosa  are  found  in  parts 
of  the  axis  which  are  about  i^  cm.  or  more  in  thickness.  They  are  present  to  the 
number  of  one  or  two,  and  occupy  a  peculiar  position  ;  a  band  of  sclerenchyma, 
containing  pericyclic  bast-fibres,  is  situated  on  tneir  inner  side,  while  on  their  outer 
side  there  is  another  sclerenchymatous  band,  which  forms  part  of  the  composite 
and  continuous  ring  of  sclerenchyma  in  the  pericycle  and  contains  no  bast-nbres. 
In  view  of  these  facts  it  seems  probable  that  the  secondary  strands  of  wood  and 
bast  are  developed  in  the  mmary  cortex. — Pieces  of  the  stem  of  Mucuna  eigantea^ 
collected  by  Loner  in  the  Philipinnes  and  having  a  diameter  of  4-5  cm.,  show  one 
or  two  more  or  less  completely  differentiated  rings  of  growth ;  the  first  (normal) 
ring  of  wood  in  this  species  attains  a  thickness  of  7-9  mm.  As  in  the  species 
examined  by  H.  Schenck,  the  secondary  zones  of  growth  originate  in  the  pencydic 
parenchyma.  Interxylaiy  phloem  has  not  been  met  with  in  M.  gigantea^  although 
it  occurs  in  M.  pruriens  (see  H.  Schenck,  Anatomie  der  Lianen,  p.  164),  con- 
trary to  the  earlier  statement  on  p.  280. — ^The  anomalous  structure  observed  in 
Strongylodon  was  found  in  a  piece  of  the  stem,  2^  cm.  thick,  likewise  coUected 
by  Loher  (Montalban,  Philippines) ;  an  analysis  of  the  flowers  present  on  the 
corresponding  herbarium-material  has  shown  that  this  stem  belongs  to  the  genus 
Strongylodon.  The  normal  ring  of  wood  in  this  case  attains  a  thiclmess  of  4  mm.  ; 
it  is  foUowed  by  two  concentric  rings  of  growth,  and  occasionally  the  rudiments 
of  a  third  ring  are  present.  It  may  be  specially  pointed  out  that  the  secondary 
rings  of  wood  and  bast  here  apparently  arise  in  the  bast  of  the  zone  of  bundles 
situated  immediateljr  internal  to  the  one  in  process  of  development.  Regarding 
the  artificial  production  (by  means  of  wounds)  of  extrafasdcular  vascular  bundles 
in  Phaseolus,  see  Schilberszky,  loc.  cit. 


II.    Caesalpinieae  (pp.  281-291). 

1.  Review  of  the  Anatomical  Features.  Schizogenous  secretory 
cavities  occur  also  in  Danielia^  Detarium^  Kingiodendron^  Oxystigma  and  Hard- 
tt^Afa,schizogenous  interxylarysecretorycanak  also  in  DanieUa^Kingiodendran^ 
Oxystigma  and  Prioria,  Spicular  fibres  are  present  in  the  1^  also  in  Oxy- 
stigma  Manniip  Harms.  Uniseriate  clothing  hairs  with  an  elongated  terminal 
cell  are  found  in  Scorodophloeus  Zenksri,  Harms. 

2.  Structure  of  the  Leaf.  In  the  species  which  I  have  recently  investi- 
gated the  epidermal  cells  of  the  leaf  exhibit  the  following  characters.  Undulated 
lateral  margins  with  marginal  pits  and  the  occurrence  of  thin  vertical  walls 
are  distinctive  of  the  species  of  Copaifera  pro  parte,  Kingiodendron,  Oxystigma 
and  Priaria.  Development  of  papillae  on  both  sides  of  the  leaf  is  found  in  Hard* 
wickia  binaia^  Roxb.,  while  in  Detarium  senegalense^  Gmel.  and  Scorodophloeus 
Zenkeri^  Harms,  the  lower  side  of  the  leaf  bears  papillae.  The  species  last 
named  also  has  gelatinized  epidermal  cells,  stomata  with  subsidiary  cells  placed 
parallel  to  tKe  pore,  and  uniseriate  clothing  hairs  with  a  few  short  basal  cells 
and  an  elongated  terminal  cell. 
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The  following  details  may  be  mentioned  regarding  the  secretory  organs  of 
Danieiia,  Detarium,  Hardwichioy  Kingiodendran,  OxysH^ma  and  Prioria.  In  Daniella 
ihurifera^  Benn«  and  D,  obionga^  Oliv.,  according  to  Gmgnard,  there  are  more  or  less 
elongated  secretory  cavities  (but  not  canals,  as  Heckel  assumes)  situated  in  the 
primary  cortex,  and  secretory  canals,  which  are  found  at  the  periphery  of  the  pith 
(although  belonging  to  the  wood ),  and  also  in  the  secondary  wood.  Similarly.Pnona 
copaiferay  Griseb.,  which  I  have  examined,  possesses  (a)  secretory  cavities  situated  in 
the  primary  cortex  and  more  or  less  elongated  in  the  vertical  direction,  (h)  numerous 
secretory  canals  in  the  secondary  wood,  and  (c)  secretory  organs  of  tiie  nature  of 
canals  l3dnK  at  the  periphery  of  the  pith  and  in  its  interior  ;  those  situated  at  the 
margin  of  the  pith  may  oe  regarded  as  belonging  to  the  wood,  while  those  occupying 
the  interior  of  the  pith  are  at  least  in  part  merely  secretory  cavities,  which  are  very 
much  elongated.  According  to  my  own  investigation,  Hardwickia  binaia^  Roxb. 
has  secretory  cavities  only  (situated  in  the  primary  cortex  and  sometimes  also  in 
the  pith  and  the  parenchymatous  pericycle),  interxylary  secretory  canals  being 
absent;  Kingiodendron  pinnatum.  Harms  has  secretory  cavities,  which  are  only 
slightly  elongated  and  are  situated  in  the  primary  cortex,  and  interxylary  secretory 
canals  with  rather  wide  lumina;  in  Oxysitgma  Mannii,  Harms  there  are  (a)  secretory 
cavities  of  varying  length  in  the  primary  cortex,  (b)  interxylary  secretory  canals,  and 
(f)  intercellular  secretory  receptacles  of  the  nature  of  canals,  which  are  found  at  the 
margin  of  the  pith  and  occasionally  penetrate  into  the  wood.  In  Detarium  senegalense^ 
GmeL  there  are  secretory  cavities  in  the  primary  cortex  and  in  the  pith,  but  likewise 
no  interxylary  canals.  The  interxylary  secretory  canals  are  developed  from  the 
cambium,  like  those  of  Copaifera  ;  thmr  origin  is  schizogenous.  In  aU  these  genera 
secretory  cavities  are  found  also  in  the  mesophyll. — For  the  secretory  canals,  cavi- 
ties and  cells  of  Eperua  fcUcata^  see  Courchet,  loc.  cit. 

The  occurrence  of  an  ethereal  oil  containing  sulphur  in  the  cortex  of  Scorodo- 
phloeus  Zenheri,  Harms,  which  smells  of  garlic,  is  interesting  from  a  systematic- 
chemical  point  of  view,  since  an  oil  of  this  kind  has  not  previously  been  demonstrated 
in  any  member  of  the  Leguminosae.  The  oil  is  present  in  the  cortical  parenchyma 
in  the  combined  form  as  a  glucoside,  and  is  accompanied  by  a  ferment,  by  the 
action  of  which  the  oil  is  Uberated  in  the  presence  of  water.  The  cells  containing 
the  ferment  are  of  relatively  large  size,  and  tiieir  contents  assume  a  deep  coloration 
with  Iodine  dissolved  in  Potassium  Iodide  (Hartwich). 

R^arding  the  occurrence  of  concentric  vascular  bundles  in  the  petiole 
of  Cercis  SUiquastrumy  see  Bouygues,  loc.  cit. 

3.  Structure  of  the  Axis.  For  the  structure  of  the  stem-spines  of 
GledUschia,  see  Mittmann,  loc.  dt.^ 


III.    MiMOSEAE  (pp.  291-299). 

2.  Structure  of  the  Leaf.  For  the  stomatal  apparatus  in  the  phj^llo- 
dineous  Acacias,  see  Porsch,  loc.  cit. ;  for  the  structure  of  the  stipular  spines 
of  the  species  of  Acaciay  see  Mittmann  and  Lothelier,  U.  cc. 

3.  Structure  of  the  Axis.  Sieve-like  pits  are  found  on  the  walls  of  the 
vessels  also  in  Albizzia  Lebbeky  Benth.  (Ursprung). 

Literature  (Leguminosae,  see  p.  300):  Hohnel,  Gerberinden,  Berlin,  1880,  pp.  139  and  141 
et  scq.— [Stowell,  Jamaica  Dogwood,  Therapeutic  Gaz.,  N.  S.,  ii,  1881,  p.  16;  see  Just,  1881,  ii, 
p.  693.]— Costantin,  Tigcs  a^r.  et  sout.,  Ann.  sc  nat,  s^r.  6,  L  xvi,  1883,  p.  51  et  scq.— Darwin, 
Bloom  and  distribution  of  the  stomata,  Joum.  Linn.  Soc,  xxii,  1887,  especially  p.  ii5.^Mittmann, 
Anat.  d.  Pflanzenstacheln,  Verh.  Ver.  Mark  Brandenburg,  1889,  pp.  40,  50,  56,  57,  59  and  60.— 
Jofaannson,  Wcnig  bek.  Rinden,  Diss.,  Dorpat,  1891,  pp.  17  and  34  {Pterocarpiu  and  EfytkrhtA).— 
Anfrecht,  Extraflorale  Nektarien,  Diss.,  Ziirich,  189a,  p.  34  et  sea.  (^Acacia  lophatUka).^^i\m^ 
Corky  excrcsc,  Ann.  of  bot.,  vi,  1892,  pp.  160  and  165.— Hiller-Bombien,  GeoJJroya^VJaAfXiy 
Diss.,  Dorpat,  1893,  p.  15  et  seq.— Schilberszky,  Kiinstlich  hervorger^  Bild.  sek.  Gefiissb.,  Ber. 
deutsch.  bot.  Gesellsch.,  1893,  pp.  434-33  and  Tab.  xxii.— Lothelier,  Epines,  Th^,  Paris,  1893, 

*  Ursprung's  statement  as  to  the  occurrence  of  bordered  pits  on  the  wood-pcoMOchyma  in 
Afulia  bijuga.  Gray  requires  verification. 
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pp.  1 1, 15,  98  and  5i»— Radlkoler,  Struct  anom.  de  U  dgt  d'mie  L^.  vois.  des  Bamkmia,  Comptes 
reodm  Soc.  Hdv.  BJUe,  1893, p.  loa— Brandt,  WenigbeE.  Rinden,  I>iss.,Dorpat,  1894,  p.  4$  et  aeq. 
— LatOQr,  S^M^a  Th^,  Mootpelller,  1894,  pp.  18  and  45  et  •eq.—Oberlander,  Tolabfliiam,  Archiv 
d.  Pharm.,  233, 189^,  pp.  590-9.---[Tognini,  Stomi,  Atti  1st  bot.  Pavia,  1894.] — rGeoffroy,  RoHmia 
Nicou^  Ann.  Ink.  col.  Aianeine,  iii,  1895,  p.  i  et  acq.]— Lntz,  Gommoae  dans  les  Acacias,  BnlL  Soc 
bot.  de  France,  1895,  pp.  467-71. — [Belli,  Endodermale  peridclo  nel  Gen.  Trifolium^  etc.,  Mem. 
Accad.  Sc.  Torino,  ser.  a,  v.  46,  1896,  p.  353.] — Knoblanch,  Oekolog.  Anat  etc,  Habilitat-Schr., 
Tubingen,  1896,  p.  15  et  teq. — Werner,  ^felle  Drogen,  Dias.,  &Iangen,  1896,  p.  36  et  aeq. 
(^flf^Arr/te).— -[Scnneider,  Senna,  Americ  Dmggist,  1807,  n.  7.] — Schubert,  Parenchymscbdden, 
Bot.  Centralbl.,  1897,  iv,  pp.  13-16. — Schwendener,  GelenkpoUter  von  Mimosa  puduay  Sits.-Ber. 
Berliner  Alcad.,  1897,  uv.-~[Zancla,  Acalei,  Contribuz.  1st.  bot.  Palermo,  ii,  1807,  p.  i  et  seq.] — 
Biermann,  Olaellen,  Diss.,  Bern,  1898,  pp.  61,  63. — Geiger,  Jaborandiblatter,  Diss.,  ZOridi,  1898, 
pp.  47,  48  {JSmartwC), — Schwendener,  Geknkpolster  von  Pkmsfius^  etc.,  Sitz.-Ber.  Berliner  Akad., 
1898,  xiL*--Selle,  Fabae  Impigen  n.  Wnrzel  voo  Derris  tUifiicay  Diss.,  Erlangen,  without  date, 
received  1898-99,  p.  19  et  seq.— -Spanjer,  Wasserapparate,  Bot  Zeit.,  1898,  i,  p.  59.— Boergeten  og 
Paulsen,  Vegct  danslc-vestind.  Oer,  Bot  Tidsskrift,  xxii,  1808-Q,  pp.  9  {CcMovalia  oUusifoUa^  DC.) 
and  103  {Liucatna  glaucay  Benth.  and  Acacia  tortucsOy  WiUd.). — [Dnessen-Marenw,  Cortex  Lokri, 
Nederl.  Tijdschr.  voor  Pharm.,  1899;  ^^^str.  in  Just,  1900,  ii,  p.  15.] — Fnchs,  Cytisus  Adamiy  Ost 
bot  Zeitschr.,  1899,  p.  7^;  and  Sitz.-Ber.  Wiener  Akad.,  cvii,  Abt.  i,  1899,  PP-  1373-9^  vnA 
2  Tab.-»[Greenish,  Senna-leaves,  Pharm.  Joum.  1899;  abstr.  in  Just,  1900,  ii,  p.  33.^Hirsch, 
Entwicklnng  d.  Haare,  Diss.,  Berlin,  1899,  p.  37.— [Hna-Henri,  Fenilles  des  CesalfMni^ea-Cyno- 
m^tr^es,  Biul.  Soc  Linn.  Paris,  n.  s.,  n.  7,  1899,  pp.  55,  56.I — Kohne,  Papillen  n.  oboi.  Spaltoffii., 
Ber.  deatsch.  dendrolog.  Gesellsch.,  1899,  p.  51  et  sea. — Leisering,  InterxyUires  Leptom,  Dias., 
Berlin,  1899,  p.  35. — Nestler,  Wasserausscheidnng,  etc.  (Pkaseains\  Sitz.-Ber.  Wiener  Akad.,  cviii, 
Abt.  I,  1899,  p.  690  et  seq.  and  Tab.— Nestler,  Sekrettropfen  an  den  Lanbbl.  von  Phas$oius,  etc., 
Ber.  deatsch.  bot  Gesellsch.,  1899*  P.  333  et  sea.— Perrot,  Tissu  crible,  Thte,  Paris,  1899,  p.  lai. — 
Pierre,  Flore  forest,  de  la  Cocluncbine,  xxv,  1899  {Coroya\ — Job.  Schmidt,  Lathyms  maritimusy 
Bot.  Tidsskrift,  xxii,  1898-9,  pp.  145-68. — Terradano,  Note  anat  biol.  sail*  Aeschynomitu  imtUcay 
Contribuz.  1st  bot  Palermo,  ii,  1899,  pp.  195  and  247  et  seq. — Hiepe,  Senna,  Diss.,  Bern,  1900, 
pp.  18-55  and  Tab.  iv,  v. — PantaneUi,  Pulvini  motori  di  RoHnia  Pseudacaciay  Atti  Soc  natural,  e 
mat.  Modena,  ser.  iv,  vol.  ii,  1900,  p.  181  et  seq. — ^Thomas,  FeuUles  sout.»  Th^,  Paris,  1900. — 
Ursprun^  Anat.  u.  Jahresringbild.  trop.  Holzarten,  Diss.,  Basel,  1900,  pp.  13-18  (species  otAfielia 
and  Albtnia), — Biirkle,  Innere  Struktur  d.  Bl.  u.  and.  Assimilationsorg.  bd  einigen  austral,  roda- 
lyrieen,  Diss.,  Erlangen,  1901,  91  pp.  (also  in  Fiin&tiick,  Beitr.). — Cohn,  Veigl.  Untersuch.  von 
Blatt  n.  Axe  einiger  Genisteen-Gatt.,  Diss.,  Erlangen,  1901 ;  also  Beih.  z.  bot  Centralbl.,  x,  1901, 
pp.  535-61. ^Driesien-Mareuw,  Radix  Lawno  {MiUsttia),  Ned.  Tijdschr.  voor  Pharm.  etc,  1901 ; 
abstr.  in  Just,  1901,  ii,  p.  3i.] — [Greenish,  Cassia  montana,  Pharm.  Joum.,  1901,  p.  694 ;  abstr.  in 
Just,  1 901,  ii,  p.  39.] — Haberlaodt,  Sinnesorgane,  1901,  pp.  79  and  136  et  seq. — Hill,  Anatomy  of 
the  stem  of  Dalbei^ia  paniculaia^  Annals  of  Bot.,  190X,  pp.  183--6. — Hohlke,  in  Beih.  z.  bot. 
Centralbl.,  xi,  1901,  p.  41. — Hiihner,  Blatt- u.  Axenstruktur  einiger  austraL  Podalyrieen-Gatt,  Diss., 
Krlangen,  looi ;  also  Beih.  z.  bot.  Centralbl.,  xi«  1901,  pp.  143-317,  with  Tab. — Laubert,  Cytisus 
Adami,  Beih.  z.  bot  Centralbl.,  x,  1901,  p.  144  ct  seq. — Ledoux,  Anat.  comp.  des  oig.  foL  chez  Ics 
Acacias,  Comptes  rendus,  Paris,  cxxxii,  1901,  Sem.  i,  pp.  732  -5. — Levy,  Blatt-  u.  Axenstruktur  der 
Genisteen-Gatt  Aspaiathus  u.  einiger  verwandter  (leuera.  Diss.,  Erlangen,  1901  ;  also  Beih.  s.  bot 
Centralbl.,  x,  1901,  pp.  313-66.—- Perries,  Bark  of  Robinia  Pseudacaciay  in  Wellcome  Research 
Laborat.  London,  1901,  11  pp.,  4  pL — Petersen,  Vedanatomi,  1901,  pp.  65-8. — Pitard,  P^cyde, 
Th^,  Bordeaux,  1901,  pp.  57-60  and  100,  101. — Prenger,  Syst.-anat.  Untersuch.  von  Blatt  u.  Axe 
\yt\  den  Podalyrieen-Gatt.  der  nordl.  Hemisphare  u.  des  Kap^bietes,  sowie  den  vier  austraL  Gatt 
Brachystma^  etc,  Diss,.  Erlangen,  1901,  iii  pp. — Rauth,  Vergl.  Anat  einiger  Genisteen-Gatt, 
Diss.,  Erlangen,  1901,  58  pp. — Hugo  Schulze.  Vergl.  Anat  d.  Gatt.  Lupinus  and  ArgyroloHumiy 
Diss.,  Erlangen,  1901,  44  pp. — W.  Schulze,  Vergl.  Anat.  d.  Genisteen-Gatt.  Genista,  Adenocarpus 
and  Calycotonuy  Diss.,  Erlangen,  1901,  59  pp.— Winkler,  Vergl.  Anat.  d.  Gatt  Crotaiaria  and 
jyioritropisy  Diss.,  Erlangen,  1901,  81  pp. — Bargagli-Petrucci,  Legnami,  Malpighia,  1903,  p.  30a 
et  seq.  {Adauria,  Afu/ia,  Dialitwiy  Koompassia,  Fithccolobiamy  Pongamia,  Sindora), — ^Bouygues, 
Form,  vase  anorm.  du  petiole,  These,  Paris,  1903,  p.  57. — Clauditz,  Blattanat.  canar.  Gew.,  Dias., 
Basel,  190a,  pp.  53-5  {Adenocarpus  and  Spartocytisus)^,-^THmmy  Mehij.  Epid.  h.  d.  DicotyL, 
Bdh.  z.  bot  Centndbl.,  xi,  1903,  especially  pp.  339,  340.— G.  Fischer,  Vergl.  Anat.  d.  BL  bei  den 
Trifolieen,  Diss.,  Erlangen,  1903,  90  pp — Guignard,  Daniellia  et  lenr  appareil  s^cr^teur,  Joum.  de 
hot.,  xvi,  1903,  pp.  60-97 ;  see  also  Comptes  rendus,  Paris,  cxxxiv,  Sem.  i,  1903,  pp.  885-7. — 
Hartwich,  Bubimbirinae,  Apothekerzdtung,  Berlin,  1903,  n.  40,  pp.  339,  340. — Heckel,  DamdliOy 
Comptes  rendus,  Paris,  cxxxiv,  1903,  pp.  784-6.— Jonsson,  Wiistenpfl.,  Acta  Lund.,  zxxviii,  IQ03, 
pp.  38-38  and  Tab.  iv  and  v.— Knothe,  Unbenetzb.  BL,  Diss.,  Heidelberg,  1903,  p.  19. — Perr^^ 
Anat  of  the  stem  ol  Derris  uliginosay  in  Wellcome  Research  Laborat.,  London,  1903,  sep.  copy, 

^  The  statement  as  to  the  occurrence  of  unicellular  dothing  hairs  in  Adenocarpus  is  incorrect 
(d.  Syst.  Anat,  p.  368,  footnote  3) ;  the  same  is  probably  true  of  the  sutement  that  glandular  hairs 
occur  in  Sfartocytisus  nubigenus.  The  peltate  hairs  recorded  in  Spartocytisus  are  no  doubt  really 
two-armed  hairs. 
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10  pp.9  9  pU-i-W.  Schmidt,  Blatt-  n.  Samenstrnktur  bd  dai  Loteen,  DisB.,  £rlaiigen/i903;  also 
Beih.  z.  bot.  Centralbl.,  xii»  1903,  pp.  424-82. — Schroeder,  AnaL  Untennch.  d  Bl.  a.  d.  Axe  bei 
den  Liparieae  u.  Bossiaeae,  Diss.,  ferlangeo,  1902 ;  also  Beib.  z.  bot  Centralbl.,  xi,  1902,  pp.  368- 
417.— Solereder,  Anat.  Charaktere  d.  61.  bei  den  Podalyrieen  o.  Genisteen,  Beih.  z.  bot.  CentralbL, 
xii»  1902,  pp.  279-88. — Solereder,  Lebeckia  ?  retamoidesy  Boll,  de  THerbier  Boisder,  ser.  2»  1002, 
pp.  117-20.— Streicher,  Vergl.  Anat.  d.  Vicieen,  Diss.,  Erlangen,  1902 ;  also  Beih.  z.  bot.  Centralbl., 
zii,  1902,  pp.  483-538. — ^Tobler,  Urspmng  des  peripher.  Stammgewebes,  Pringsheim  Jahrb.,  x<>02, 
p.  133  et  scq. — [Armari,  Piante  della  reg.  medit.,  Ann.  di  Bot,  i,  1903,  p.  17  et  seq.  {JSparttum^ 
Retama^  Genista,  ^n/Ax///i).]— [Finlayson,  Stem-stmcture  of  some  leafless  plants,  Transact,  and 
Proceed.  New  Zealand  Instit,  1903,  p.  360  et  seq.  (CarmfVia^/ui).]~Qnanjer,  Anat.  Bonw,  etc, 
Natniirk.Verhandel.,  Haarlem,  v,  1903  [Pongaimia ^abra^  Derris  elliptica.  Sofa  hispida), — rRaniale3r, 
Pubescence  of  species  of  Astragmus,  Torreya,  iii,  1903,  pp.  38-40 ;  abstr.  in  Bolt  CentnubL,  xdii. 


p.  399.]— CRipp<L>  Nettarii  estrannz.  della  Poinnana,  Gill.,  Bull.  Oito  bot.  Napoli,  i,  1903,  pp. 
431-3.]  ^Schoute,  Stelartheorie,  1903,  p.  121. — ^Theorin,  Vaxttrichom.,  Arkiv  for  Bot,  i,  1903, 
p.  163.— Tnzson,  Spiral.  Stmktnr  d.  Zellw.  in  den  Markstr.,  *Ber.  dentsch.  bot  Gesellsch.,  1903, 
p.  276.— Chrysler,  Strand  plants,  Bot.  Gaz.,  xxxvii,  1904  {Zatfyrus),— Col,  Faisceanx,  Ann.  sc. 
nat<,  s^.  8,  t.  XX,  i<^  pp.  11 2-1 5.— Meckel  et  Cordemoy,  Double  appareil  s^cr^tenr,  Comptes 
rendns,  Paris,  cxxxriii,  1904,  Sem.  I,  pp.  57-p ;  see  also  [Ann.  Inst  colon.  Marseille,  s^r.  2,  t  ii, 
1904,  p.  71  et  seq. ;  al^r.  in  Bot.  Centralbl.,  xdx,  p.  287].— Siissengiith,  Behaamngsverh.  der 
Wtirzb.  Muschelkalkpfl.,  Diss.,  Wiirzburg,  1904,  pp.  25-7.— Urspnmg,  in  Bot  Zeit.,  1904,  pp.  203 
and  208.— Areschoug,  Trop.  vaxt.  bladbyggn.,  Sv.  Vet.  Akad.  Hand!.,  39,  n.  2.  1905,  pp.  44,  45 
tthera),  pp.  49,  50  {Cynomefra),  pp.  54-6  and  Tab.  xxiii  (Derris),  p.  62  and 


Tab.  xxiii-xxiv  (Brownea),  pp.  69-71  {Copaiferd),  p.  74  {Desmanthus),  pp.  101-3  (^Imcarpus), 
pp.  125,  126  {BauAinia), — [Courchet,  Eperua  jalcata,  Ann.  Inst.  col.  Marseille,  xiii,  1905,  pp. 
121-47;  abstr.  in  Bot.  Centralbl.,  cii,  p.  434.] — Duval,  Jaborandis,  1905,  in  Perrot,  Travanx,  iii, 


1906,  pp.  64-70. — Guignard,  Cordyla  africana,  Joum.  de  bot,  1905,  pp.  109-24. — [Pabisch, 
Fisdigiftwnrz.,  Zeitschr.  osterrdch.  Apothekerver.,  1905,  pp.  975,  976;  abstr.  in  Bot.  Centralbl.,  ci, 
p.  239.] — Porsch,  Spaltofihnngsapparat,  Jena,  1905,  pp.  44,  100-17  and  Tab.  iii. — Sarton,'Rech. 
exp.  sur  Tanat.  des  pL  affines,  Ann.  sc.  nat,  s^r.  9,  t.  ii,  1905,  pp.  44-53  {Lathyrus\ — ^Theorin, 
Vaxttrichom.,  Arkiv  for  Bot,  iii,  n.  5,  1904,  p.  28,  and  iv,  n.  18,  1905,  p.  12. — Vadas,  Robinienholz, 
in  Tnbeuf,  Zeitschr.,  1905,  pp.  303-8. — Van  Tieghem,  M^ristMes  corticales,  Ann.  sc.  nat.,  s^r.  9, 
t  i,  1905,  p.  38. — Van  Tieghem,  Stele  ail^  de  la  tige  des  qn.  L^gomin.,  Jonin.  de  bot.,  190J, 
pp.  185-97. — ^Weberbauer,  Vcget  d.  Hochanden  Perns,  in  Engler,  Bot  Jahrb.,  xxxvii,  1905,  p.  00 
et  seq. — Danphin^,  Rhizomes,  Ann.  sc.  nat.,  ser.  9,  t  iii,  1906,  p.  327  et  seq. — ^Kanngiesser,  J/^/Mf f^/ 
scop^um,  in  Tubenf,  Zeitschr.,  1906,  p.  276  et  seq. — [Mentz,  G>««/«-Typen,  Bot  Tidsskrift,  xxvii, 
2,  1906,  pp.  153-201 ;  abstr.  in  Bot  Centralbl.,  ci,  p.  428.] — ^Nevenny,  Trigonella  coerulea,  Ber. 
uaturw.-med.  Ver.  Innsbruck,  xxix,  1903-5,  Innsbruck,  1906,  p.  130  et  seq.— [Rosenthaler,  Rinde 
voo  Pithecolobium  Hgeminum,  Zeitschr.  osterreich.  Apotn.-Ver.,  1906,  pp.  147,  148.] — [Stockard, 
Nectar  glands  of  Vicia  Faba,  Science,  xxiii,  1906,  pp.  204, 205.] — Piccioli,  Legnami,  Bull.  Siena,  1906, 
PP-  I30i  '45>  157-9*  1^2,  171-3,  176,  179.  180.— [For  additional  literature,  see  p.  1170.] 


ROSACEAE  (pp.  301-310). 

2.  Structure  of  the  Leaf.  Among  numerous  investigated  species  of 
Rosa  papillose  differentiation  of  the  lower  epidermis  has  been  found  only  in 
R,  rugosa^  Thunb.  (Parmentier) ;  gelatinization  of  the  inner  walls  of  the 
epidermal  cells  is  recorded  by  the  same  authority  in  many  species  of  Rosa 
and  by  Knoblauch  in  species  of  Cliffortia.  In  AcaetM  adscendenSy  Vahl  papillae 
are  differentiated  both  on  the  upper  and  lower  epidermis  (Clauditz) ;  accord- 
ing to  K5hne,  the  lower  epidermis  is  papillose  also  in  Amdanchier  roiundifolia, 
Dum.-Cours.y  Cotoneaster  mymifolia.  Wall.,  Prunus  Padus,  L.,  Pyrus  amygdali- 
formiSy  Vill.,  Sorbus  sarnbucifolia,  Roem.,  Spiraea  aipina.  Pall.,  S.  bella^  Sims., 
5.  hracUataj  Zab.,  S.  canescenSj  Don,  S.  expansa^  Wall.,  and  S.  tristis^  Zab. 
Hjrpoderm  is  present  also  in  Pygeum  Wightianum ;  Photinia  Notoniana,  on 
the  other  hano,  only  has  an  epidermis  composed  of  very  large  cells  (Holter- 
mann).  In  Rosa  the  stomata  are  confined  to  the  lower  side  of  the  leaf  (except 
in  R.  berberifoliay  Pall.),  and  develop  according  to  the  Ranunculaceous  type. 
In  Acaena  adscendens  the  stomata  are  likewise  surrounded  by  ordinary  epi- 
dermal cells. 

Oxalate  of  lime.  In  Rosa  Parmentier  met  with  sphaerites  side  by  side 
with  clustered  and  solitary  crystals,  and  Bargagli-Petrucci  found  silica-bodies 
in  the  wood-parenchjmia  of  Parastemon  urophyUus^  DC. 
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To  the  statements  r^arding  the  hairy  covering  we  may  add : — Structures 
resembling  stellate  hairs  and  external  glands  with  a  head  composed  of  numerous 
cells  occiu:  in  Spiraea  sarbifolia,  L.  (Theorin).  Small  external  glands  with 
a  uniseriate  stalk  and  a  head  composed  of  one  or  two  cells  are  found  also  in 
Geum  and  PotetUiUa  (Brautigam).  ClifforUa  arhoreay  Marloth  has  Malpighian 
hairs  (Marloth),  while  C.  falcata^  L.  only  has  ordinary  unicellular  hairs.  Extra- 
floral  nectaries  are  present  in  the  genus  Griffonia^  a  member  of  the  Chryso- 
balaneae  (Mattel). 

The  petiole  in  many  species  of  AlckemiUa  contains  three  concentric  vas- 
ctilar  bundles,  each  provided  with  a  pith  and  surrounded  by  a  tj^ical  endodermis 
{'  faisceaux  concentriques  vrais ').  The  petiole  of  Sanguisarba  canadensis 
includes  8--0  isolated  bundles,  one  of  which  has  the  same  structure  as  those 
of  AlchemiUa,  while  the  remaining  bundles  are  hemiconcentric  ('  faisceaux 
h£miconcentri<}ues '),  i.e.  each  of  them  consists  of  an  arc  of  wood  and  bast, 
which  is  likewise  surrounded  by  a  typical  endodermis  (Bouygues). 

For  the  structure  of  the  integumental  prickles  of  Rosa  and  Rubus^  see  Mittmann 
and  Lothelier,  IL  cc  ;  these  authorities  also  discuss  the  anatomy  of  the  ^nny 
branches  of  Crataegus,  Cydonia,  Pyrus,  Pyracantha  and  Prunus ;  regarding  tli« 
integumental  prickles  of  Rosa,  see  also  Duchartre,  loc  cit. 

3.  Structure  of  the  Axis.  The  cork  develops  in  the  pericyde  also  in 
Margyrocarpus,  CUffortia  and  Polylepis,  which  belong  to  the  Poterieae 
(Bouygues). 

Burgerstein's  recent  investigations  on  the  structure  of  the  wood  in  the 
Pomeae  (see  the  note  on  p.  308)  and  in  numerous  species  of  Prunus  have 
furnished  the  following  facts.  Among  the  Pomeae  distinct  spiral  thickening 
of  the  walls  of  the  vessels  is  fotmd  in  Amelanchier,  Aronta^  Chaenomeles, 
Cotoneaster,  Cydonia,  Eriobotrya,  Mespilus,  Micromeles,  Photinia,  Rhaphiolepis^ 
and  SorbuSy  while  the  spiral  thickening  is  not  well  marked  in  Hesperomeles^ 
Osteomeles  and  PeraphyUum,  and  is  wanting  in  Chanuumeles,  Crataegus,  Malus, 
Pyrus,  Pyracantha,  and  Stranvaesia.  The  wood  in  all  the  Pomeae  contains 
scattered  vessels,  and  in  the  course  of  each  annual  ring  the  latter  showed 
a  gradual  decrease  in  size.  The  medullary  rays  vary  from  one  to  three  (mostly 
one  or  two)  cells  in  breadth  ;  only  in  Mespitus  are  they  from  one  to  five  cells 
broad.  The  cells  of  the  medullary  rays  are  rather  low  in  Chaenomeles,  Cydonia, 
Mespilus  and  Micromdes,  and  relatively  high  in  Cotoneaster,  Eriobotrya, 
Hesperomeles,  Photinia  and  Sarbus.  With  reference  to  the  structure  of  the 
wood  in  Prunus,  we  may  mention  that  in  all  the  investigated  species  the  vessels 
show  a  spiral  thickening  band,  and  that  they  are  either  scattered  or  arranged  in 
annular  zones  ;  in  the  latter  case  the  zone  of  vessels  belonging  to  the  spring- 
wood  appears  as  a  rather  sharply  marked  ring  of  relatively  large  pores. 

Regarding  the  structure  of  the  cortex  we  may  add  that  Pitard  records 
a  pericycle,  comprising  isolated  groups  of  bast-fibres  with  intervening  un- 
lignified  bands  of  parenchyma  of  varying  width,  in  species  of  Amelanckier, 
Cotoneasier,  Crataegus,  Eriobotrya,  Kageneckia,  Lindleya,  Osteomeles,  Photinia^ 
Prinsepia,  Prunus  (sensu  latiore),  Pygeum,  Pyrus  (sensu  latiore),  Quillaja, 
RhaphiolepiSf  Rosa,  Stranvaesia,  Stylobasium  and  Vauguelinia.  According  to 
the  same  authority  pericyclic  sclerenchyma  is  completely  absent  in  Canotia 
holacantha  and  Pterostetnon  mexicanus. 

Literature :  Costantin,  Tiges  a^r.  et  sout.,  Ann.  sc.  nat,  s^.  6,  t.  xvi,  1883,  p.  59  et  seq. — 
Bucbenan,  Auischeid.  einer  kiyst  org.  Sim  im  Holzlcdrper  e.  Eberesche,  Festachr.  Ver.  L  Natnik., 
Kassel,  1886,  pp.  37-9. — Macchiati,  Nettarii  estraflor.  delle  Amygd.,  Nuovo  Gioro.  bot  ItaL,  188^ 

B>.  305-7— Wanke,  Dikotyle  Holzpfl.,  Diss.,  KoDigsberg,  1886,  p.  40.— Keller,  Luftwnrz.,  Diss., 
eidelbeig,  1889,  pp.  36,  37. — Mittmann,  Pflanzenstacheln,  Verb.  Ver.  Mark  Brandenburg,  1889, 
pp.  41  and  67  et  seq. — ^Barber,  Corky  excresc.,  Ann.  of  Bot.,  vi,  1802,  p.  165. — ^Dncbartre,  Aignillons 
du  ^osa  sericeoj  Reme  g^  de  bot. ,  1893,  pp.  5-1 1 . — Lotbelier,  Epmes,  These,  Paris,  1893,  pp.  17, 36 
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and  38.r— Orth,  Anatomic  d.  Gatt  Poientilla,  Diss.,  Kiel,  1895,  33  pp.— [Tognini,  Stomi|  Atti  Itt. 
bot.  P^Tia,  1804.] — [Bastin,  Chenv  barks,  Americ  Jonm.  Phann.,  1805,  pp.  435  and  595  et  seq.]— 
fBni^eerstein,  Gatt.  d.  Pomaceen,  Wiener  lUnstr.  Gartenzeit.,  1896.] — Knoblanch,  Okolog.  Anat.  etc., 
Habnitat.-Schr.,  Tiibingen,  1896,  p.  1 1  etseq. — [Parmentier,  Esp^ces  crit.  on  lit.,  M^m.  ^.  d*6mula- 
tioQ  Donbs.  1896,  p.  327  et  seq.  {Crataegus)^ — Brantig^m,  Anat.  Charakterc  der  Rosaceen-Bastaide, 
Diss.,  Erlangcn,  1597,  56  pp.,  3  Tab.— Parmentier,  Rech.  anat  et  taxon.  sor  les  Rosters,  Ann.  sc. 
nat,  s^.  8,  t  vi,  1807,  pp.  1-175,  ^  P^-  *»  C>^  <^  Comotes  rendns,  Congr^  des  Soc.  sav.,  1898, 
p.  a ao.}— Schubert,  Farenchymscheiden,  Bot.  Centralbl.,  1897,  iii,  p.  476.— Banting,  Cork  tissae  in 
roots  of  some  Rosaceous  geneia,  Cootribut  Bot  Lab.  of  Pennsylvania,  ii,  1898,  pp.  54-65,  pi.  x. — 
Buigerstein,  Holzstruktur  d.  Pomaceen,  Sitz.-Ber.  Wiener  Akad.,  cvii,  Abt.  i,  1898,  pp.  8-23 ;  and 
Xylotomisch-syst  Studien  iiber  d.  Gatt.  d.  Pomaceen,  Jahresbericht  Staattt^mnas.  ii,  Bedrk  Wien, 
1898,  35  pp. — Cr^pin,  L'anatomie  appliqu^  ^  la  classificat.,  Bull.  roy.  de  bot  de  Belgique,  xxxvii, 
1898, pp.  7-15 ;  and  Id^  d*an  anatomiste,  etc.,  loc.  cit,  pp.  151-301. — Guffroy,  Sorbus  et  bybrides, 
BulL  Soc.  bot.  de  Fiance,  1898,  p.  341.— [Kayeriyana,  Discoid  nectary  of  Jap.  cherry  leaves,  Bot 
Magaz.  Tokyo,  xii,  1898,  pp.  281-4  >  ^^^  Disc-shaped  glands  in  the  leaves  of  Prunus  PseudourasuSy 
loc.  cit,  xiii,  1890,  pp.  316--18.] — Spanjer,  Wasserapparate,  Bot  Zeit.,  1898,  i,  p.  55.— Boeigesen  og 
Paulsen,  V^et  oansk.-vestind.  Oer,  Bot.  Tidsskr., xxii,  1898-9,  pp.  30,  ai  {Chtysobalanus  Icaco^l^), 
— Buigerstein,  Xylotomie  d.  Pruneen,  Veih.  k.  k.  zoolog.-bot.  Gesellsch.  Wien,  1899,  sep.  copy, 
5  pp. — Kohne,  Papillen  n.  obers.  Spaltoffis.,  MitteiL  deutsch.  dendroloe.  Gesellsch.,  1899,  pp.  56, 57. 
— Macchiati,  Nettarii  estranuz.  del  Prunus  Laurocerasus,  BulL  Soc  bot  Ital.,  18^,  pp.  144-7. — 
Bouygnes,  Anat  comp.  de  la  tige  et  du  petiole  des  Rub^  et  Ros^  Act  Soc.  Lmn.  de  Bordeaux, 
Iv,  1900,  pp.  xxxii-xl ;  Id.,  Polyst^lie  du  genre  Akhemilla^  loc.  cit,  pp.  Iviii-lix;  Id,  Tige  et  p^iole 
du  Nhtrada  procumbens,  loc  cit,  pp.  lix,  Ix ;  Id.,  P^riderme  de  qu.  Potiriies,  loc  dt.,  pp.  xcvi-c; 

"5,  Struct,  anat. 


,  Act,  Soc 

^     ...  ^       .  }  P^ricyde, 

Thte,  Bordeaux,  1901,  pp.  65,  66,  68,  97-ioa — Bargagli-Petrucd,  Concrez.  siUcee,  Malpighia, 
1903,  p.  36  et  scq. ;  and  Legnami,  loc.  dt.,  p.  300  {Parasfemon). — Houygues,  Petiole,  Thise,  Paris, 
1903,  pp.  55  et  sea.  and  99. — Claudltz,  Blattanat  canar.  Gew.,  Diss.,  Basel,  1903,  pp.  46,  47 
Prunus), — Knothe,  Unbenetzb.  Bi.,  Diss., Hdddberg, looSypp.  17-19.— Mardner, Plianerog.Vegetat 
d.  Kerguelen,  Diss.,  Basd,  1903,  pp.  33-5  (Acaena). — [Mattd  et  Rippa,  Nettarii  estranuz.  di  Jcune 
Crisobalanee,  Bull.  Orto  bot.  Univ.  Napoli,  i,  1903,  pp.  386-91 ;  abstr.  in  Bot  Centralbl.,  xcv, 

y8o.l--rArmari,  Piante  della  re^.  medit,  Annali  di  Bot.,  i,  1903,  p.  17  et  scq.  {Ppterium),'] — 
deoifddt,  Anat  Bau  d.  Wurzel,  Bibl.  bot.  Heft  61, 1904,  pp.  55, 56.— Sussenguth,  Bduuirunesverh. 
der  Wiirzb.  Muschelkalkpfl.,  Diss.,  Wurzbcii|;,  1904,  pp.  27-33. — ^Theorin,  Vaxttrichom,  Ariciv  for 
Bot,  iii,  n.  5,  1904,  p.  16. — Weberbaner,  Yegetat.  d.  Hochanden  Perns,  in  Engler,  Bot  Jahrb., 
xncvit,  ijK>5»  P*  60  et  seq. — Marloth,  CUffortia^  in  Engler,  Bot  Jahrb.,  xxxix,  1006,  p.  319.— IHcdoli, 
L^[iiami,  Bull.  Siena,  1906,  pp.  ia7, 130, 157, 163-5. — Holtermanuy  Einfluss  aes  Klimas,etc,  1907, 
p.  119  {lygeum,  Pkofinia). -^FoT  additional  Utemtuie,  see  p.  117a.) 

CROSSOSOMATACEAE. 

Two  features  are  important  for  the  diagnosis  of  the  Order  and  in  support 
of  the  view  of  a  Rosaceous  affinity,  viz.  the  presence  of  typical  bordered  pits 
on  the  wood-prosenchjrma,  and  the  occurrence  of  scalanform  perforations 
(Mdth  few  bars)  or  of  malformed  perforations  of  the  same  t3rpe  in  the  neigh- 
bourhood of  the  primary  wood,  side  by  side  with  the  simple  elliptical  perfora- 
tions found  in  the  secondary  wood.  The  stomata  are  surrounded  by  several 
ordinary  epidermal  cells.  Trichomes,  oxalate  of  lime,  and  internal  glands  are 
absent. 

The  structure  of  the  leaf  has  been  examined  in  Crossosoma  Bigeloviif 
Wats.  (Parish,  n.  10,  Colorado)  and  C.  californicum^  Nutt.  (Franceschi,  n.  41, 
Guadalupe)  ^  The  leaves  in  both  species  show  centric  structure.  Palisade 
tissue  is  found  on  both  sides  of  the  leaf,  and  stomata  are  present  in  both  upper 
and  lower  epidermis.  The  outer  walls  of  the  epidermal  cells  are  strongly 
thickened.  In  C.  califarnicum  the  epidermis  contains  sphaero-crystals,  which 
are  insoluble  in  alcohol,  but  soluble  in  Caustic  Potash  and  Eau  de  Javelle. 
Peculiar  small  bodies  of  a  dark  colour  are  frequently  found  in  the  palisade 
tissue  in  both  species  ;  their  nature  is  not  known.  The  larger  veins  are  accom- 
panied by  a  little  sclerenchyma  only  in  C.  Bigelovii. 

The  structure  of  the  axis  could  only  be  investigated  in  C.  BigeloviiK 

^  I  am  indebted  to  Geheimrat  Engler  for  the  materials  for  this  iny^Ugation. 
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Regarding  the  wood  we  may  add  that :  (a)  the  vessels  have  very  small  Imnina  ; 
{b)  the  wood-fibres  have  thick  walls  and  narrow  lamina ;  (c)  the  medullary 
x^ys  are  narrow,  consisting  of  a  single  row  of  cells  ;  and  {d)  the  walls  of  the 
vessels  bear  bordered  pits  m  contact  with  parenchyma  of  the  medullary  rays. 
The  pericyde  contains  isolated  bast-fibres.  The  cork  is  for  the  most  part 
composed  of  cells  with  thin  walk,  but  also  includes  uniformly  sclerosed  cells. 

literattire:  Engler,  CrotsosonuiUceae,  in  Natiirl.  Pflanzenfkm^  Nacfatr»  zu  ii-iy.  Tcil«  1897, 
p.  185. 


SAXIFRAGACEAE  (pp.  310-320). 

2  A.  Structure  of  the  Leaf.  For  the  water-pores,  see  also  Gardiner, 
loc.  dt. 

To  the  previous  remarks  on  the  hairy  covering,  we  may  add  that  fimbriate 
appendages,  similar  to  those  present  on  the  staminodes,  are  found  on  the  foliage- 
leaves,  as  weU  as  on  the  sepals  and  petals  in  Parnassia  ;  they  occur  in  varying 
numbers  in  the  different  spedes.  Both  the  epidermis  and  the  subjacent  layer 
of  cells  partidpate  in  the  formation  of  these  structures,  which  do  not  show 
any  sign  of  swelling  at  their  ends,  although  they  secrete  mucilage  in  early 
stages  (Dutailly)  \ 

The  petiole  of  Saxifraga  sarmentosa  resembles  that  of  AlchemiUa  in  con- 
taining three  stdes,  each  of  which  is  surrounded  by  a  typical  endodermis ; 
S.  crassifolia  shows  similar  features.  Other  spedes  of  Saxifraga,  such  as 
S.  dentata,  S,  hirsuta  and  S.  lasiophylla,  have  at  least  one  hemiconcentric 
vascular  bundle,  envdoped  by  an  endodermis  (Bouygues). 

3  A.  Structure  of  the  Axis.  According  to  Schoute  and  Jeffrey 
respectivdy,  polystely  is  found  in  the  nodes  of  the  stem  in  Parnassia  palustrish 

3  B.  Structure  of  the  Axis.  The  pith  in  Ribes  rubrum,  R.  Grossularia, 
&c.,  contains  peculiar  cavities ;  in  early  stages  their  place  is  occupied  by 
rdatively  large  thin-walled  ceUs  containing  dustered  crystals,  and  the  devdop- 
ment  of  the  cavities  is  mainly  due  to  the  collapse  of  these  crj^tal-cdls  (Kassner). 
In  Roussea  simplex  the  primary  cortex  indudes  a  ring  of  stone-cells  bordering 
directly  on  the  endodermis.  In  Brexia  ckrysophylla  the  pericyde  comprises 
a  composite  and  continuous  ring  of  sclerenchyma,  while  in  other  speaes  of 
Brexia  the  ring  is  interrupted  (Thouvenin  and  Pitard). 

For  the  structure  of  the  spinous  organs  found  in  the  species  of  Ribes,  see 
Lothelier  and  Mittmann. 

D.    The  Anomalous  Genus  Penthorum  (Appendix  to  p.  319). 

The  following  statements  regarding  the  anatomy  of  Penthorum  are  based 
on  Van  Tieghem^  and  my  own  observations.  The  v^etative  and  spedally 
the  reproductive  branches  bear  glandular  shaggy  hairs  with  a  multiseriate 
stalk,  merging  apically  into  a  more  or  less  distinct  secretory  head.  The  inner 
portion  of  the  primary  cortex  contains  large  intercellular  spaces.  Small  |roap6 
of  bast-fibres  are  found  in  the  pericyde,  but  there  is  no  secondary  hard  bast. 
The  wood  is  traversed  by  narrow  medullary  rays,  which  are  one  or  two  rows 
of  cells  in  breadth*  The  vessds  of  the  secondary  wood  have  small  lumina, 
and  are  provided  with  small  bordered  pits  (also  in  contact  with  parench3rma 
of  the  medullary  ra}^)  and  scalariform  perforations  (with  numerous  or  very 
numerous  bars).    The  wood-fibres,  though  thick- walled,  have  rather  wide 

'  For  details  regarding  the  structure  of  the  leaf,  stem,  and  root  in  Fiamassiaj  see  Van  Tieghcm, 
loc.  cit. 
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lumina  and  bear  small  but  distinct  bordered  pits.  The  ceUs  of  the  pith  have 
cellulose-wallS)  which  suteequently  become  lignified,  especially  at  the  mar^n 
of  the  pith.  Oxalate  of  lime  is  present  in  the  form  of  clustered  crystals,  which 
occur  in  the  pith  and  primary  cortex,  as  well  as  in  the  mesophyll.  The  petiole 
contains  an  arc-shaped  vascular  bundle.  The  leaf  is  biiaoal,  the  sto^ata 
being  confined  to  the  lower  side.  According  to  Van  Tieghem,  the  vascular 
system  of  the  root  is  pentarch,  the  groups  of  soft  bast  being  supported  by 
bundles  of  fibres '. 

Literature:  Uhlworm,  Entwicklnngsgesch.  der  Trichome,  Bot.  Zeit.,  1873,  p.  830. — [Gulliver, 
Rbaphides  in  Hydrangea^  Jonrn.  R.  Microsc.  Soc  London  and  Edinbargh,  iii,  1880,  p.  44;  abstr. 
in  Just,  1880,  ii,  p.  149.] — Hohnel,  Gerberinden,  Berlin,  1880,  p.  108  et  seq.  {Wtmmannia), — 
Gardiner,  Water-glands  in  the  leaf  oiSaxifraga  crustaiay  Quart.  Jonrn.  Microicop.  Sd.,  jud,  N.  S., 
1881,  pp.  407-14,  pi.  zxiii. — Costantin,  Tiges  a^r.  et  sont.,  Ann.  sc  nat,  s^r.  6,  t  zvi,  1885,  p.  77 
et  seq.— Katfner,  Mark,  Diss.,  Basel,  1884,  p.  16.— Mittmann,  Pflanzenstacfaein,  Verb.  Ver.  Mark 
Brandenbuig,  1889,  p.  65. — Thonvenin,  Appareil  de  soutien  dans  les  tiges  des  Saxifrages,  BuU.  Soc. 
bot.  de  France,  1889,  pp.  125-33. — C.  de  Candolle,  Inflor.  epiphylles,  M^m.  Soc.  de  phys.  et  d'hist. 
nat.  Gen^TC,  1890,  voL  snppL,  sep.  copv,  p.  12  et  sea. — ^J.,E.  Weiss,  KorkUld.,  Denkschr.  bot. 
GeseUscb.  Regensburg,  vi,  1890,  pp.  61,  62.— Lothelier,  Epines,  Th^,  Paris,  1893,  p.  37. — 
Boergesen,  Arkt  pi.  bladbygn.,  Bot  Tidsskr.,  xix,  1895,  p.  219  et  seq.— Hallier,  in  Natuurkundig 
Tijdschr.  voor  NMerl.  Indie,  1896,  p.  310  et  seq.— Van  Tieghem,  Penthore,  Jonrn.  de  bot.,  1898, 
pp.  150-4;  and  Ann.  sc.  nat.,  s6.  8,  t.  ix,  1899,  PP-  37  J-.^- — Van  Tieghem,  Pamassiac^  Joum.  de 
Dot^  1899,  pp.  326-32. — Bouygues,  M^risL  Tasc.  dans  le  p^iole,  Act  Soc.  Linn.  Bordeaux,  Ivi, 
1901,  p.  Ivii — Dntailly,  Famassia^  Assoc.  fran9.  Ajaccio,  1901 :  i,  1901,  p.  126,  and  ii,  1902,  pp. 
457-71. — Petersen,  Vedanatomi,  1901,  pp.  56,  57. — Piiaiti,  P^ricycle,  Th^,  Bordeaux,  1901,  p.  70. 
— Bouygues,  Petiole,  Th^,  Paris,  1902,  pp.  13,  17,  66,  97  and  107* — Geriiard,  Blattanat.  ▼.  Gew. 
d.  Knysnawaldes,  Diss.,  Basel,  1902,  pp.  20,  21  (/VoZ/^^A/wj.— Schoute,  Steliirtheorie,  1003,  p.  120. 
— Col,  Faisceaux,  Ann.  sc  nat,  s^.  8,  t  xx,  1904,  p.  116.— Freidenfeldt,  Anat  Ban  der  Wurzel, 
BibL  bot..  Heft  61,  1904,  pp.  56-61. — Theorin,  Vaxttrichom.,  Arkiv  (or  Bot..  iii,  n.  5,  1904,  p.  3. — 
Areschoi^,  Trop.  vaxt  bladbyggn.,  Sv.  Vet.  Akad.  Handl.,  39,  n.  2,  1905,  pp.  154-6  (Brexia), — 
Havek,  Saxifraga  I,  Denkschr.  Wiener  Akad.,  Ixxvii,  1905,  pp.  616-22  and  Tab.  i — Maheu  et 
Gillot,  Asddies  des  Saxifrages,  Joum.  de  bot,  1905,  p.  33  et  seq. — Picdoli,  Legnami,  Bull.  Siena, 
1906,  pp.  130  and  156. — [For  additional  literature,  see  p.  1172.] 


CRASSULACEAE  (pp.  320-324). 

1.  Review  of  the  Anatomical  Features.  Both  clothing  and  glandular 
hairs  of  the  shaggy  type  occur  in  this  Order. 

2.  Structure  of  the  Leaf.  Brenner  records  a  two-layered  epidermis 
in  Crassula  porttdacea  and  a  typical  papillose  epidermis  in  Seaum  HiUehrandiU 
Fenzl,  while  according  to  L.  Koch  ^edutn  dasyphyUum  only  has  isolated 
papillae ;  Brenner  states  that  in  Crassula  porttdacea  distinct  papillae  are  only 
developed  when  the  plant  is  placed  in  a  moist  chamber.  According  to  Mardner, 
the  stomata  in  Tiliaea  moschata,  DC.  have  three  typical  subsidiary  cells  (con- 
trary to  what  is  found  in  T,  muscosa)  and  are  situatra  principally  on  the  upper 
side  of  the  leaf.    Water-pores,  moreover,  also  occur  m  this  species. 

With  regard  to  the  differentiation  of  the  mesophyll,  it  majr  be  pointed 
out  that  in  certain  species  of  Sedum  and  Sempervivum  the  assiinilatory  cells 
exhibit  a  stratified  arrangement,  while  the  intercellular  spaces  are  lined  by 
a  membrane,  which  we  must  regard  as  the  metamorphosed  outermost  layer 
of  the  cell-wall. 

The  clothing  and  glandular  shaggy  hairs  mentioned  above  are  found  in 
Sempervivum  arachnoideum  and  have  a  biseriate  structure.  The  glandular  hairs 
are  short  and  slightly  swollen  at  the  apex.  The  clothing  hairs  constitute  the 
cobweb-hke  covering  on  the  leaves  and  are  much  longer ;   the  two  rows  of 


>  Van  Tieghem*s  statement  (11.  cc.)  that  such  bandies  of  fibres  have  as  yet  been  obsenred  only 
in  the  aerial  roots  of  parasitic  lx>ranthaceae  and  not  in  terrestrial  roots  is  incorrect.  The  phloem- 
groopt  in  the  tetrarch  vascular  system  of  the  root  of  Victa  faba  are  likewise  supported  by  hard  bast 
(sec  Kiqr,  Wahdufel,  Ivi,  1884). 
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cells  of  which  they  are  composed  are  not  absolutely  parallel,  but  are  slightly 
twisted.  The  lower  part  of  the  body  of  the  trichome  in  both  kinds  of  luirs 
consists  of  long  cells,  while  the  cells  of  the  upper  part  are  shorter.  In  the 
course  of  their  development  the  clothing  hairs  pass  through  all  the  stages 
shown  by  the  glandular  shaggy  hairs ;  in  a  certain  stage  they  even  secrete 
ethereal  oil,  which  functions  as  a  glue  joining  together  the  neighbouring  hairs  ; 
subsequently,  as  a  result  of  extremely  rapid  growth  in  len^,  the  bodies  of 
the  hairs  become  intertwined  with  one  another  and  in  this  way  the  dense 
hairy  felt  present  on  the  rosette  of  leaves  is  ultimately  formed  (Dintzd). 

Literature:  Corda,  in  Sterabeig,  Flora  der  Vorwdt,  1838,  Anhang,  p.  IxU  and  Tab.  A. — 
[Henri,  Knotpen,  etc.,  Verh.  Ver.  t  Rheinlande  n.  Wettfalen,  1850,  p.  45 ;  and  Warnlfueni  voo 
Sedum  Tiiepkium,  etc.,  loc  cit,  i860.]— Innisch,  Sedmm  maximum,  Bot  Zdt.,  1855,  p.  349  et  aeq. 
and  Tab.  a  a. — Schwendener,  Mechan.  Prindp^  1874,  p.  148. — [Gardiner,  in  Qoart  Jonm.  Microac. 
Sd.,  1881,  p.  407  et  leq.] — Coatantin,  Tiges  a^.  et  lont,  Ann.  tc.  nat,  wks,  0,  t  zri,  1883,  p.  79 
et  aeq.— Joat,  ZerklOft  einlrer  Rhiz.  u.  Wnrz.,  Bot  Zeit,  1890,  p.  503  et  aeq.  (.S;ft/tfii»).--Matteiicci, 
Placdiie  tngherote,  Nooyo  Giom.  bot.  Ital.,  1807,  p.  336  et  seq. — Schubert,  Paicodiymacheiden,  Bot. 
Centralbl.  1897,  iii,  p.  475.— Rodler,  Airiniilator.  Gewebes^  Diss.,  Frelboig  i.  Schw.,  1^987^^ 
p.  38«— Brenner,  Fettpflanzen,  Flora,  1900,  pp.  389-98. — Sdileichert,  Xerophjten  bei  Jena,  Naturwin. 
vVochenschr.,  1900,  p.  450  (5«rAf0i).— CiandiU,  Blattanat  canar.  Gew.,  Diss.,  Baad,  1903,  pp.  41, 43 
{S4mpervamm), — Knothe,  Unbenetzb.  BL,  Diss.,  Heidelberg,  190a,  p.  30.— Mardner,  PluuL-Vegctat. 
d.  Keiguelen,  Diss.,  Basel,  1903,  pp.  36,  37  {Tillasa), — [Annari,  Piante  della  rqg.  naedit,  Amudi  di 
Bot,  i,  1003,  p.  17  et  seq.  {Sedum)^ — Dintzel,  Haare  a.  d.  BUttsp.  von  Sempervivum  mrttchnMeumf 
Osterrd^.  bot.  Zeitschr.,  1905,  p.  354  et  seq.  and  Tab.  t,  tL 


DROSERACEAE  (pp.  324-328). 

The  tentacular  glands  of  Roridula  Gorgonias^  Planch.,  which  have  recently 
been  examined  by  Fenner,  are  of  different  lengths  ;  they  have  a  multiseriate 
stadk,  which  exhibits  corresponding  variation  in  length,  and  an  ellipsoidal 
head,  in  which  the  inner  part  is  formed  by  a  group  of  approximately  isodia- 
metric  cells,  constituting  a  continuation  of  the  cells  of  the  stalk,  while  the 
secretory  epidermis  is  £fferentiated  like  a  palisade ;  tracheids  are  wanting 
alike  in  the  stalk  and  in  the  head.  The  middle  layer  in  the  digestive  glands 
of  Aldrovanda  consists  of  two  rather  high  cells,  which  form  a  stalk ;  the  number 
of  centrd  and  peripheral  cells  in  the  glandular  disc  is  occasionally  greater 
than  4  and  8  (viz.  5-8,  and  0-14).  Pores  are  present  in  the  cuticle  on  the 
secretory  heads  of  DrosophyUum  and  Drosera  rotundifolia  (Haberlandt  and 
Fenner).  The  genus  ByUiSy  which  up  to  the  present  has  been  included  among 
the  Droseraceae,  but  which  has  been  transferred,  and  no  doubt  rightly  so,  to 
the  Lentibularieae  by  Lang,  has  digestive  glands,  which  differ  considerably 
from  those  of  other  Droseraceae ;  according  to  Lang,  their  structure  is  analo- 
gous to  that  of  the  glands  occurring  in  the  genus  Piwuicula  (Lentibularieae). 
Both  sessile  and  long-stalked  glands  are  found  in  ByUis.  The  simplest  type 
of  the  former  consists  of  three  cells,  viz.  a  basal,  a  median,  and  a  terminal 
cell ;  in  many  cases,  however,  the  terminal  cell  undergoes  division  into  quad- 
rants foUowea  by  the  appearance  of  four  anticlinal  walls,  so  that  a  disc-shaped 
glandular  body  is  developed,  which  for  the  most  part  consists  of  ei^ht  cdls ; 
the  basal  cell  at  the  same  time  divides  into  two  cells.  In  the  formation  of  the 
long-stalked  glands  the  basal  cell  divides  into  two  cells  by  means  of  a  transverse 
wsm,  and  the  upper  of  these  cells  fi;rows  out  into  a  long  unicellular  stalk,  while 
the  (lower)  sister-ceU  undergoes  further  division ;  the  terminal  cell  becomes 
segment^  to  form  a  glandtdar  disc,  composed  of  16  or  32  cells.  The  cuticle 
of  the  glandular  disc,  both  in  the  short-  and  long-staUced  glands,  bears  a 
pore  on  the  upper  and  lower  side  of  each  cell.  A  feature  deserving  special 
mention  is  that  the  glands  on  the  leaf  of  Byblis  are  associated  with  the  stomata 
to  form  paraUel  longitudinal  rows  which  are  sunk  below  the  surface  and  alternate 


Digitized  by 


Google 


ADDENIhi—DROSERACEAE  ^% 

with  one  to  three  rows  of  cells,  containing  neither  stomata  nor  glands.  For 
further  details  regarding  the  glands^  see  the  papers  by  Lang  and  Fenner,  U.  cc. 
Regarding  the  tentacular  glands  of  Drosera  we  may  add  that  the  epidermal 
cells  of  the  head  are  provided  with  marginal  pits  which  are  occupied  by  proto- 
plasmic processes  ;  these  constitute  the  perceptive  organs  for  the  mechanical 
stimuli,  to  which  the  movements  of  the  tentacmar  glands  are  due  (Habearlandt). 

The  two-  and  four-armed  glands  of  Aldravanda^  which  were  discussed 
under  the  heading  of  '  other  types  of  hairs/  have  two  basal  cells  and  a  stalk, 
consisting  of  a  single  layer  of  two  to  four  cells  (Fenner).  For  details  as  to  the 
structure  of  the  sensitive  bristles  of  Aldrovanda  and  Dionaea,  see  especially 
Haberlandt,  loc.  cit. 

Although  the  stomata  of  the  Droseraceae  were  previously  stated  not  to 
have  any  subsidiary  cells  (p.  326),  it  has  since  been  shown  that  in  the  genus 
Byblis^  which  Bentham  and  Hooker  place  among  the  Droseraceae,  the  pair 
01  guard-cells  has  a  single  subsidiary  cell  on  each  side  of  the  stoma  and 
parallel  to  the  pore  (Lang) . 

As  regards  the  detailed  anatomical  features  of  the  leaf  of  Drosophyllum  we 
may  add  that  the  mesophyll  is  composed  of  spongy  parenchyma  with  large  lacunae  ; 
the  cells  of  this  tissue  contain  numerous  adcular  crystals,  which  are  soluble  in 
a  solution  of  chloral  hydrate,  as  weU  as  a  few  large  crystals  of  oxalate  of  lime 

5 A.  Meyer  and  Dew^vre). — According  to  Lang,  the  epidermal  cells  in  the  leaf  of 
3yUis  are  elongated  in  the  direction  of  elongation  of  the  leaf.  The  subsidiary 
cells  of  the  stomata  have  already  been  referred  to  above.  The  epidermis  is  followed 
by  a  sheath  of  two  or  three  layers  of  ceUs  which  show  a  slight  palisade-Uke  dif- 
ferentiation ;  on  the  inner  side  of  this  zone  lies  a  starch-sheath,  and  within  this 
again  a  medulla  consisting  of  cells  with  wide  lumina  and  enclosing  3-5  collateral 
vascular  bundles  ;  the  phloem-groups  in  these  bundles  are  surrounded  on  all  sides 
by  a  8clerench3rmatous  sheath.  The  swollen  apex  of  the  leaf  of  Byhlis  contains 
only  a  single  vascular  bundle,  which  is  apparently  concentric  (with  central  phloem), 
ana  is  enveloped  by  a  tissue  serving  for  the  storage  of  water ;  the  walls  of  this 
tissue  bear  pits  having  a  faint  border  or  exhibit  spiral  to  reticulate  striation ; 
on  its  outer  side  lies  a  starch-sheath,  followed  by  two  or  three  layers  of  rounded 
assimilatory  cells.  The  tip  of  the  leai  bears  a  few  elevated  water-pores,  but  there 
is  no  epithema  on  their  mner  side  (Lang). — ^The  following  details  regarding  the 
structure  of  the  leaves  of  Roridula,  the  upper  surface  of  which  is  furrowed,  are 
based  on  Fenner's  statements.  The  mesophyll  is  composed  of  loose  spongy  tissue, 
the  lower  portion  containing  large  lacunae.  The  vascular  bundles  of  the  veins 
are  supported  by  groups  of  sclerench3ana.  The  stomata  are  confined  to  the  lower 
side  of  the  leaf. 

The  vessels  in  Byblis  have  simple  perforations  (Lang).  Astely  is  fotmd 
only  in  the  peduncle  of  Byblis  (Lang). 

The  structure  of  the  root  of  Byblis  is  normal,  the  vascular  system  being 
triarch. 

Literature :  GroenlaDd,  Org.  gland,  do  goat  Drosera,  Ann.  sc.  nat,  s^.  ^  t.  iii,  1855,  pp.  297- 
303,  and  pi.  9. — Tr^cnl,  Gl.  p^ic.  do  Drosera  rotundtfolia,  Ann.  sc  nat.,  sor.  4,  t  iii,  1855,  j^. 
303-11.— A.  Meyer  and  Dewevre,  Drosophyllum  lusiiamcum,  Bot  CentralbL,  1894,  iv,  pp.  33-41. — 
Macfarlane,  Hybrids,  &c,  Contribat.  Bot.  Laborat  Pennsylv.,  ii,  n.  i,  1898,  p.  87  et  aeq.  and  pi.  zii 
— [Rosenberg,  Drosera  rotufuUfolia,  Medd.  Stockh.  Hogskol.  Bot.  Inst.,  ii,  1899,  136  pp.,  a  Tab. ; 
abstr.  in  Jast,  1899,  ii,  p.  307.]--HabeTlandt,  Sinnesorgane,  1901,  ^,Q^^w6X{.~'-ijijig,I^fypompholyx 
n.  Byblis  gi^ntea.  Flora,  i90i>  pp.  179-93;  also  Diss.,  Mnnicn. — Dntailly,  Pamassia,  Assoc 
fran?.  Ajaccio,  1901 ;  ii,  190a,  pp.  471,  473.— [Hamilton,  BybHs  gigantea^  Proceed.  Linn.  Soc.  New 

South  Wales,  1903,  p.  680  et  seq.;  abstr.  in  Bot,  CentralbL,  xcy*  "  '  " ' 

1903,  p.  117. — Fenner,  Lanbbl.  n.  Driisen  einieer  Insektivoren, 
'fab.  xi-xxi;  also  in  Flora,  1904. — Freidenfeldt,  Anat.  Ban  d. 

Sp.  61  and  63.— Diels,  Droseraceae,  in  Pflanzenreich,  Heft  36,  1906,  p.  4  et  seq.— [Haberlaindt, 
mnesorg.,  and  edit.,  1906.] 
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HAMAMELroEAE  (pp.  328-333). 

The  petiole  of  Liquiiafnbar  contains  three  vascular  systems  of  the  nature 
of  stdes  (Bouygues). 

Literature:  [Hohnel,  Kork,  Sits.-Ber.  Wiener  Akad.,  Ixxvi,  Abt.  i,  1877,  p.  603.]— Gregory, 
Cork  wings,  Bot  Gazette,  1888.  pp.  383-7  '^  P^  ^"^  {Liquidambar  styraciJlua).'-]wiJai,  Oig. 
ste^,  Thte,  MontpelUer,  1888,  p.  48  et  teq-^WijiiaeDdts  Francken,  Scleiciden,  Diss.,  Utrecht, 
1800,  pp.  51,  53.~[Waunjewsky,  Parrotia  persicm^  1891  (Russian)  ;  abstr.  In  Jnst,  1803,  i,  p.  580.] 
:— {Monr,  Bfllnm  too  Ligmdambary  Pharm.  Rondschan,  N.  Y.,  1895,  xiii,  n.  3.] — [Jensen,  Rinde 
▼on  Hamamdis  virginiana^  Pharm.  Archiv,  1901,  n.  7 ;  abstr.  in  Just,  1901,  ii,  p.  58.] — Pitard, 
P^ricyde,  Th^  Bordeanz,  1901,  p.  io3. — Booygnes,  Petiole,  Thbe,  Bordeaux,  1903,  p.  69. — 
tKramer,  Mikr.-pharm.  Beitr.,  Diss.,  WQrzbnrg,  1907,  p.  30  {ffdmameHsyi—Yat  drcuUphyUum 
and  oUier  genera  belonging  to  the  Hamamelideae,  see  under  Trochodcndraceae. 


BRUNIACEAE  (pp.  333-335). 

1.  Review  of  the  Anatomical  Features.  According  to  Kircbner,  the 
apex  of  the  leaf  in  all  the  Bruniaceae  b  suberized  in  a  peculiar  manner. 

2.  Structure  of  the  Leaf.  According  to  Colozza,  the  earUer  statement 
that  the  leaves  of  the  Bruniaceae  are  traversed  by  three  veins,  is  only  partly 
correct.  In  certain  species  of  Audouinia^  BerzeUa^  Linconia^  Pseudobaeckea 
and  Staavia  five  veins  are  found,  while  some  of  the  species  of  Pseudobaeckea 
have  even  more  (9, 13,  or  20). 

The  stomata,  as  already  previously  mentioned,  are  generally  present  on 
both  sides  of  the  leaf.  On  the  basis  of  recent  investigations  the  following  facts 
may  be  added  regarding  their  distribution.  In  the  pinoid,  patent  leaves  of 
Linconia  cuspidata^  Sw.  and  the  thin  flat  leaves  olPseudooaeckea  corioia, Niedenzu 
the  stomata  are  confined  to  the  lower  side.  In  the  broad  scaly  leaves  found 
in  certain  species  of  Brunia^  Lonchostofna\  Pseudobaeckea  and  Raspalia*  the 
stomata  occur  only  on  the  upper  side,  which  is  adpressed  to  the  stem.  In 
certain  species  of  Brunia  and  Diberara  with  subulate  inflexed  leaves  the 
stomata  are  practically  restricted  to  the  upp>er  side,  since  stomata  are  found 
on  the  lower  side  only  at  the  base  of  the  leaf,  i.e.  on  that  part  of  the  leaf  which 
is  covered  by  the  tips  of  the  leaves  below  (Kirchner).  In  Linconia  cuspidaia^ 
Pseudobaeckea  cordata^  and  Thamnea  gracilis^  OUv.  Colozza  states  that  the 
stomata  are  confined  to  the  lower  side,  while  in  Lonchostoma  acutiflorum, 
Wickstr.,  Pseudobaeckea  virgata^  Niedenzu,  and  Raspalia  phylicoideSy  Niedenzu 
they  occur  only  on  the  upper  side.  With  reference  to  the  arrangement  of  the 
stomata  on  the  surfaces  of  the  leaves,  we  may  mention  that  according  to 
Kirchner  they  are  irregularly  scattered  in  Staavia  nuda,  Eckl.  et  Zeyh.  and 
Brunia  saccuiaia^  Bolus,  while  in  Staavia  capiteUa,  Sond.  and  Brunia  palusiris^ 
Schlecht.,  as  well  as  in  Staavia  radiata,  they  show  a  marked  transverse  arrange- 
ment. 

According  to  G)lozza,  the  structure  of  the  leaf  is  either  centric  or  bifadal, 
or  exhibits  transitions  between  the  two  types.  According  to  the  same  authority, 
the  earUer  statement  that  the  palisade-tissue  in  all  cases  consists  of  a  single 
layer  of  ceUs  is  incorrect.  Kirchner  states  that  the  palisade-cdls  are  almost 
invariably  placed  obliquely  to  the  surface  of  the  leaf.     In  those  leaves  in 


^  Regardmg  Lonckostomaf  which  in  recent  times  has  been  referred  to  the  Bmniaoeae  by  general 
consent,  see  also  the  former  appendix  to  the  Solanaoeae,  pp.  581,  583. 

'  According  to  Kirchner  (loc.  cit,  p.  15)  these  species  are:  ' Brtmia  ^almtris,  Schlecht.,' 
*B.  sacatlata,  Solus;'  Lonekosto$na  acutt/hrutn,  Wickstr.,  L,  mcm^siyU,  Sond.,  L,  obiusiforum^ 
Wickstr. ;  Pssudobaeckia  squalida^  Niedenzu,  P.  tdrgaia^  Niedenzu ;  Raspalia  omguiaiay  £.  Mey, 
R>  DrtgtoMa^  Niedenzu,  R,  micropkylla,  Brongn.,  R,  phyUcoidea^  Niedenzu. 

'  See  Colozza,  loc.  dt  p.  20  (in  contradiction,  however,  to  the  statement  on  p.  39). 
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which  the  upper  surface  is  adpressed  to  the  stem,  the  palisade-tissue  is  naturally 
confined  to  the  lower  side  of  the  leaf. 

Colozsa  records  solitary  crystals  of  oxalate  of  lime  in  the  neighbourhood 
of  the  mechanical  sheaths  enveloping  the  vascular  bundles  of  the  veins  in 
Brunia  nodiftara^  L.  and  in  the  genera  Audouinia^  Berzdia,  Diberara^  Thamnea 
and  Tittmannia ;  the  same  authority  mentions  the  occurrence  of  clustered 
crystals  in  the  mesophyll  in  Brunia  globosa,  Thunb.  and  B,  laevis,  Thunb., 
and  in  the  genera  Lincania^  Lonchostoma,  Pseudobaeckea  and  Staavia.  In 
Raspalia  both  solitary  and  clustered  crystals  are  wanting. 

Long  unicellular  clothine^  hairs  are  recorded  by  Colozza  in  species  of 
Brunia^  Diberara^  Pseudobaeckea  and  Raspalia. 

Parenchjmiatous  cells  serving  for  water-storage  are  present  at  the  apex 
of  the  leaf  in  the  neighbourhood  of  the  terminations  of  the  veins  ;  in  an  un- 
named species  of  Brunia  similar  cells  he  scattered  in  the  spongy  tissue. 

The  tip  of  the  leaf  in  the  Bruniaceae  is  formed  by  a  cap  of  tissue,  composed 
of  brown  suberized  cells  ;  on  the  inner  side  of  this  cap  hes  a  meristem,  from 
which  new  cork-cells  are  produced  at  the  same  rate  as  the  outermost  ones 
become  exfoliated. 

Literature:  Knoblanch,  Okolog.  Anatomie,  etc.,  Habilitat-Schr.,  Tubingen,  1896,  p.  15  et  seq. 
— Kirchner,  Beitr.  z.  Kenntnis  der  Bmniac,  Diss.,  Breslaa,  1904,  39  pp.— Colozza,  Bmniaoeae, 
Ann.  di  Bot,  ii,  Roma,  1905,  sep.  copy,  especially  pp.  9-3a 


HALORAGEAE  (pp.  335-339)- 

To  the  first  paragraph  on  p.  335,  in  which  the  most  important  anatomical 
features  of  the  Order  are  summarized,  we  may  add  the  following  details.  The 
Haloragoideae,  Schindl.^  are  distinguished  by  having  uniseriate  clothing  hairs, 
the  Gunneroideae,  Schindl.  by  having  unicellular  haurs.  The  genera  dmitriche 
and  Hippuris  are  characterized  by  the  possession  of  peltate  hairs  ;  Schindler 
advocates  the  exclusion  of  these  genera  from  the  Halorageae,  and  in  this  he 
is  probably  right.  Hippuris  is  also  peculiar  in  the  absence  of  clustered  crystals 
of  oxalate  of  lime.  The  axis  of  Loudonia  is  distinguished  by  having  subepi- 
dermal groups  of  sclerenchjmia  consisting  of  a  single  layer  of  fibres. 

Recent  investigations  have  shown  that  the  mesophyll  rarely  contains 
typical  palisade-tissue  with  marked  elongation  of  its  cells ;  a  distinct  differentia- 
tion into  palisade  and  spongy  tissue  is  found  in  Haloragis  elaia^  Cunn.  and  in 
Loudonia.  Sclerenchymatous  elements  are  completely  absent  in  the  leaf. 
Schindler  also  states  that  the  stomata  in  no  case  have  characteristic  subsidiary 
cells ;  we  should  mention,  however,  that  in  the  Haloragoideae  those  walls 
of  the  surrounding  epidermal  cells  which  converge  on  the  guard-cells  are 
thin,  while  in  the  Gunneroideae  the  contour-walls  of  the  guard-cells  them- 
selves are  thin  ;  the  remaining  epidermal  cells  in  both  cases  have  thick  lateral 
walls.  As  a  rule  the  stomata  are  present  on  both  sides  of  the  leaf.  In  the 
extreme  terrestrial  species  of  Haloragis  and  Loudonia  the  stomata  situated 
on  the  upper  side  are  not  so  large  as  those  on  the  lower,  and  occur  in  smaUer 
numbers  ;  in  other  cases  they  are  only  represented  by  rudiments. 

Special  internal  secretory  organs  are  absent,  but  tannin  is  widely  dis- 
tributed both  in  the  land-  and  water-forms.  The  clustered  crystals  of  oxalate 
of  lime  are  mostly  of  small  size,  but  very  large  ones  are  also  found  (e.g.  in 
Gunnera).    They  are  invariably  composed  of  a  large  number  of  individual 

^  Schindler,  on  whose  work  the  following  additions  are  diiefly  based,  sobdiTides  the  Order  as 
foUows:  I.  Halora^deae:  i,  Halorageae:  Laudomay  Haloragis  (ind.  Mnamdes),  MiMtiUa, 
Latinmbergia  (Serficula),  Proserpinaca \  2,  Myriophylleae :  MyriophyUum.    II.  Gunneroideae: 
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crystals  with  very  narrow  tif».  According  to  Schindl^,  hair-like  cells  con- 
taining clustered  crystals,  which  were  previously  mentioned  as  occurring  in 
the  cortex  of  the  stem  in  MyriophyUmn  and  Serpicula  repens,  are  found  in  all 
the  species  of  Laurembergia,  Meziella,  MyriophyUum  and  Proserpinaca^  as 
well  as  in  certain  species  of  Haloragis,  having  relatively  large  intercellular 
spaces.  It  remains  to  mention  the  occurrence  of  aggrejgates  of  adcular  crys- 
tals, composed  of  an  unknown  chemical  substance,  in  Gunnera  HamiUonii 
(according  to  Schnegg). 

We  have  next  to  discuss  the  trichomes,  and  will  deal  first  with  the  clothing 
hairs.  We  have  already  stated  above  that  according  to  Schindler  uniseriate 
clothing  hairs  are  characteristic  of  the  Haloragoideae,  and  unicellular  hairs 
of  the  Gunneroideae.  It  should  be  noted,  however,  that  the  aquatic  forms 
(MyriophyUum  and  MeziMa)  have  no  clothing  hairs  whatsoever,  and  that  in 
some  species  of  Haloragis  unicellular  hairs  are  also  found.  The  latter  are, 
however,  connected  by  transitional  forms  with  the  epidermal  papillae,  which 
are  of  frequent  occurrence  in  Haloragis,  and  differ  very  essentially  from  the 
hairs  of  Gunnera  (which  have  thin  walls  and  wide  lumina)  in  being  of  small 
size  and  having  thick  walls  and  narrow  lumina.  The  imicellular  trichomes 
of  the  New  Zealand  species  of  Gunnera  examined  by  Schnegg  are  for  the  most 
part  club-shaped  and  crowned  by  a  short  awn.  According  to  Schindler,  the 
distinction  between  Hippuris  maritima  and  H.  vulgaris  (mentioned  in  the 
earUer  part  of  this  work)  based  on  the  structure  of  the  rays  of  the  peltate  hairs 
cannot  be  maintained. 

According  to  Schindler,  glandular  shaggy  hairs,  having  the  same  structure 
as  those  of  MyriophyUum  and  Gunnera,  occur  in  all  the  Haloragoideae  with 
the  exception  of  Loudonia  ;  they  are  situated  in  the  excavations  on  the  leaf- 
teeth,  &c.,  and  are  visible  even  with  a  lens  as  small  lappets  or  dots.  Other 
forms  of  hairs  to  be  mentioned  here  are :  (i)  the  soft  cylindrical  hairs  of 
Gunnera,  which  had  already  previously  been  observed  by  Uhlworm,  and 
consist  of  four  regular  rows  of  cells ;  (2)  the  emergences  recorded  by  Schindler 
in  Haloragis  exalata,  F.  v.  M.,  and  occurring  on  the  axes  in  the  form  of  coarse 
knobs  having  the  shape  of  an  inverted  flask  ;  and  (3)  the  multicellular  trichomes 
d^cribed  by  the  same  author  in  certain  terrestrial  species  of  Haloragis  (fl.  con- 
fertifolia,  F.  v.  M.,  H.  elata,  Cunn.,  and  fl.  exalata,  F.  v.  M.) ;  these  trichomes 
resemble  a  blackberry  in  form  and  are  purely  epidermal  structures. 

In  turning  our  attention  to  the  structure  of  the  axis  we  may  once  more 
emphasize  the  absence  of  intraxylary  phloem  in  view  of  the  dose  afi&nity  of 
this  Order  with  the  Onagrarieae.  According  to  Schindler,  Parmentier's 
statements  as  to  the  occurrence  of  internal  soft  bast  in  Haloragis  and  Loudonia 
(cf.  footnote  i  on  p,  335)  are  incorrect.  Schindler  states  that  the  vessels  have 
simple  perforations  in  all  the  members  of  the  Order.  Among  the  features 
presented  by  the  cortex  (cf.  p.  339)  the  occurrence  of  subepidermal  groups  of 
sderenchymatous  fibres  in  Loudonia  has  already  been  referred  to  above.  Most 
of  the  Haloragoideae  are  characterized  by  having  very  large  air-cavities  in 
the  primary  cortex,  the  cavities  being  arranged  to  form  a  single  ring  (except 
in  Haloragis  salsoloides,  Benth.).  These  intercellular  spaces  are  most  prominent 
in  the  aquatic  forms,  but  are  also  found  in  the  large  majority  of  terrestrial 
species  of  Haloragis,  although  not  so  strongly  developed.  They  are  absent, 
however,  in  ^Loudonia,  Hcdoragis  foliosa,  Benth.,  H.  Gossei,  F.  v.  M.  and 
fl.  pycnostachya,  F.  v.  M.  In  many  Halorageae  (sensu  Schindler)  intercellular 
spaces  are  present  in  the  pith  as  well,  but  they  are  wanting  in  MezieUa,  as 
wdl  as  in  the  Myriophylleae  (MyriophyUum).  In  contrast  to  the  t3T)ical 
Halorageae,  Hippuris  has  several  layers  of  intercellular  s^ces  in  the  cortex  ; 
the  same  applies  to  Haloragis  salsoloides,  Benth.,  a  species  already  referred 
to  above. 
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A  brief  description  of  the  vascular  system  of  the  petiole  and  stolons  in  the 
species  of  Gunneray  examined  by  Schnegg,  may  be  given,  the  reader  being  referred 
for  details  to  Schnegg's  paper.  The  uurger  petiolar  strands  are  distinct  steles ; 
in  the  simplest  case^(e.g.  &.  denUUa)  they  consist  of  a  concentric  vascular  bundle, 
surrounded  by  an  endodermis  and  provided  with  central  xylem,  the  innermost 
vessels  of  which  are  situated  in  an  apparent  pith  and  exhibit  compression ;  in 
G,  lobaia  the  steles  include  a  pith  composed  of  sclerenchymatous  fibres  and  have 
a  collenchymatous  sheath ;  a  still  higher  degree  of  differentiation  is  attained  in 
G.  magellanica,  in  which  the  place  of  the  pith  is  taken  by  a  vascular  system,  sup- 
ported by  two  groups  of  sclerenchymatous  fibres  and  composed  of  central  strands 
of  V  phloem  with  peripheral  xylem- vessels,  while  the  collench3rma-sheath  is  accom- 
panied by  a  second  sheath,  provided  with  Caspary's  dots  on  its  radial  walls.  The 
stolons,  with  some  few  modmcations,  as  a  rule  show  two  rings  of  wood  and  bast, 
the  inner  one  of  which  is  inversely  orientated  as  regards  the  position  of  xvlem 
and  phloem ;  in  G.  Hamiltonii  there  is  only  a  single  stele,  while  in  G.  chifensis 
there  are  several  ($-7). 

Dteratme:  Uhlworm,  Entwicklnngsgesch.  d.  Trichome,  Bot.  Zeit,  1873,  pp.  769-73  and  Tab. 
ix ;  also  Diss.,  Leipzig.—CostantiD,  Tiges  de  jpl.  aquat,  Ann.  sc.  nat,  s^r.  6,  t.  xix,  1884,  p.  287 
and  pi.  xiv,  xv. — fpanielli,  Certi  org.  della  Gunmra  scabra,  Atti  Soc.  Tosc.  Sc.  Nat.,  vii,  1885, 
17  pp. ;  abstr.  in  Bot.  Centralbl.,  1885,  lit,  p.  303.] — Scott,  Polystcly,  Ann.  of  Bot,  v,  1890-91, 
p.  514  et  seq.— [Parmentier,  in  Lc  Monde  desPl.,  1897,  p.  178  et  seq.J — ^Wdnrowsky,  Scheitelbffii. 
bei  Wasserpfl.,  Diss.,  Berlin,  1898,  p.  24.— Roedler,  Assimilator.  Gewebesyst,  Diss.,  Freiborg  i  d. 
Schw.,  1898-9,  p.  34  et  seq.^Minden,  Wassersec.  Organe,  Bibl.  bot.,  Heft  46,  1899,  p.  20 
(Ca//j^rk:Ai).— Perrot,  Org.  app.  des  feuilles  de  cert.  Myriophyllum^  Joum.  de  Bot,  1900,  pp.  198- 
202. — W.  B.  McCaliom,  Proserpinacapalustrisy  Bot.  Gaz.,  1902,  pp.  93-108. — Knothe,  Unbenetzb. 
Bl.,  Diss.,  Heidelberg,  1902,  p.  20.— [Porsch,  Spaltoffnongsapp.  sabmers.  Pflanzenteile,  Sitz.-Ber. 
Wiener  Alcad.,  cxii,  Abt  i,  1903,  pp.  103-7  {ficUHtriche^  Hippuris)\ — Schnegg,  Beitr.  z.  Kenntnis 
d.  Gatt.  CtfifM^ftt,  Flora,  xc,  1902,  p.  161  et  seq. ;  also  Diss.,  Munich. — Schonte,  Stelartheorie,  1903, 
pp.  1 2 1-2. — Schindler,  Abtr.  d.  Hippuridaceen  von  den  Halorag.,  in  Engler,  Bot  Jahrb.,  xxxiv, 
1904,  Beibl.  77,  77  pp.,  especially  pp.  53-69  and  74-5  ;  also  Diss.,  Erlangen. — Gttnther,  Anat.  d. 
Myrtifloren,  Diss.,  Breslan,  1905,  p.  27  et  seq. — Schindler,  Halorrhagaceae,  in  Pflanzenreich,  Heft  23, 
i<)05,  pp.  5-9. — G^ieau  de  la  Liunarli^re,  Membr.  cnt  d.  pi.  aquat..  Revue  g^n.  de  Bot.,  1906, 
p.  289  et  seq. 


RHIZOPHORACEAE  (pp.  339-343). 

2.  Structure  of  the  Leaf.  The  following  additional  facts  have  become 
known.  The  outer  appendicular  ridges  on  the  stomata  of  Ceriops  Candolleanay 
Am.,  Bruguiera  gymnorhizuy  Lam.,  and  Rhizophora  mucronatay  Lam.  are  split 
into  two,  so  that  the  front  cavity  is  divided  into  two  parts.  An  aqueous  tissue 
belonging  to  the  spongy  parenchyma  is  found  also  in  the  interior  of  the  meso- 
phyU  of  Kandelia  and  Bruguiera.  The  palisade- tissue  of  Rhizophora  consists  of 
a  layer  of  very  much  elongated  cells,  which  exhibit  more  or  less  abundant 
transverse  divisions.  Lastly,  according  to  Areschoug's  statements,  hypoderm 
occurs  on  the  lower  side  of  the  leaf  more  frequently  than  was  previously  stated. 

3.  Structure  of  the  Axis.  According  to  Pitard,  the  pericycle  in  Rhizo- 
phora Mangle  and  Bruguiera  parviflora  contains  only  isolated  groups  of  bast- 
fibres  ;  sclerosed  stone-cells,  which  are  occasionally  branched,  are  found  in 
their  neighbourhood. 

Literatnre:  Hohnel,  Gerberinden,  Berlin,  1880,  p.  129  et  seq.— [Karsten,  Mangrovevegetat, 
BibL  bot..  Heft  22,  1891.]— Pitard,  Pericycle,  Tk^,  Bordeaux,  1901,  p.  73.— Areschoug,  Blattbau 
d.  Mangrovepfl.,  Bibl.  bot..  Heft  56,  1902,  pp.  42,  57  and  66  et  seq.,  Tab.  i-iii,  ix  and  xiii.— 
BargagU-Petmcd,  Legnami,  Malpighia,  1^2,  p.  354  {Bruguiera), — Holtermann,  Anat-ijhysiol. 
Untersnch.,  Sitz.-Ber.  Berliner  Akad.,  1902, 1,  p.  671.— [Blatter,  MangroTe  of  the  Bombay  Presidency, 
Jonm.  Bombay  Nat  Hist  Soc,  xvi,  1905,  pp.  644-56  and  pl.]-~Giintlier,  Anat  d.  Myrtifloren, 
Diss.,  Breslan,  1905,  p.  25. — Gurtler,  Interzellulare  Haafbild.,  Diss.,  Berlin,  ^905,  p.  40. — Ponlaen, 
St0tter«Kleme  hos  RhiMophoray  Vidensk.  Meddelels.  Kj0benhayn,  1905,  pp.  153-64  and  Tab.  v. — 
Holtermann,  Einflnss  i»  Klimas,  etc.,  1907,  pp.  30,  57,  60  and  Tab.  ix  {Bruguiera,  CetiopSy 
Rhisoph&ra). 
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COMBRETACEAE  (pp.  343-350). 

2.  Structure  of  the  Leaf.  The  absence  of  a  typical  hypodenn  is 
remarkable.  Aqueous  tissue  is  present  in  the  middle  of  the  mesophyll  in 
Lagunctdaria  racemosa^  as  well  as  in  Lumniizera  coccinea  and  L.  racemosa 
(Holtermann).  We  may  also  mention,  likewise  on  Holtermann's  authority, 
the  occurrence  of  large  terminal  tracheids  in  Lagunctdaria  racemosa^  and  of 
hydathodes  provided  with  an  epithema  in  species  of  Lagunctdaria  and 
Lumniizera.  To  the  previous  account  of  the  hairy  covering  we  may  add  tiiiat 
cap-shaped  glandular  hairs,  similar  to  those  found  in  Lagunctdaria  racemosa^ 
occur  also  in  Conocarfms  eredus^  though  the  hairs  of  this  species  are  far  less 
simk,  and  consist  of  a  smaller  number  of  cells  (Boergesen  and  Paulsen).  Details 
as  to  the  dififerentiation  of  the  shield  in  the  peltate  glands  of  certain  African 
species  of  Conibrdum  are  given  by  Engler  and  Diels,  loc.  cit.  According  to 
Boergesen  and  Paulsen,  special  epidermal  idioblasts  occur  on  both  surfaces  of 
the  leaf,  but  mainly  on  the  upper  side,  in  Conocarpus  erectus  (hydathodes  ??) ; 
they  are  distinguished  from  the  remaining  epidermal  cells  by  their  rounded 
outline  and  by  the  presence  of  a  conical  edevation  arising  from  the  middle  of 
the  cell ;  this  protuberance  has  a  striated  cuticle,  and  often  includes  a  small 
space  which  is  separated  from  the  rest  of  the  liunen  of  the  cell.  The  petiolar 
glands  of  Conocarpus  crectus  constitute  two  depressions  on  the  upper  side  of 
the  petiole,  and  are  provided  with  an  epithema  and  the  termination  of  a  vascu- 
lar bimdle  (Areschoug) ;  regarding  the  glandular  stipules  found  in  spedes 
of  Combretum,  see  Mirabella,  loc.  cit. 

For  the  structure  of  the  petiolar  spines  of  Combretum,  see  Heiden,  Holmes, 
and  Lefevre,  U.  cc. 

3.  Structure  of  the  Axis.  The  interxylary  phloem  in  the  specimen 
of  Combretum  salidfolium,  E.  Mey  (cf.  Holtermann's  statement  on  p.  350), 
examined  by  Leisering,  develops  in  the  same  way  as  in  Guiera.  According  to 
Lefevre,  the  same  mode  of  development  also  obtains  in  Combretum  gltdinostsm, 
Guill.  et.  Perr. 

Phelloid-cells  have  been  demonstrated  in  the  cork  of  Quisqualis  (J.  E. 
Weiss).  Lefevre  states  that  the  cork  develops  sub-epidermafly  in  Cono- 
carpus  leiocarpuSf  DC.  (=  Anogeisst4s  leiocarpt*s,  Guill.  et  Perr.)  and  Anogeissus 
pendtda,  Edgew. 

According  to  Lefevre,  intercellular  mucilage-spaces  of  schizogenous  origin 
similar  to  those  present  in  the  veins  of  the  leaf  occur  also  in  the  intraxylary 

«hloem  of  Terminalia  Bellerica,  Roxb.,  T,  procera,  Roxb.  and  T.  tomentosa^ 
V.  et  A.,  as  well  as  in  the  interxylary  phloem  of  Combretum  gltdinosum, 
Guill.  et  Perr. 

According  to  Karsten,  the  negatively  geotropic  respiratory  roots  of  Lumniizera 
racemosa,  Willd.  exhibit  a  well  differentiated  S3rstem  ot  intercellular  spaces  in  the 
secondary  cortex  in  later  stages.  This  intercellular  83rstem  is  specially  distinguished 
by  its  mode  of  development.  In  the  first  place  the  cells  commence  to  separate 
from  one  another  at  certain  points  and  especially  at  the  comers,  so  that  they  only 
remain  connected  by  narrow  processes  ;  in  this  way  the  tissue  acquires  the  appear- 
ance of  a  i>arenchyma  the  ceUs  of  which  are  provided  with  numerous  processes 
emanating  in  all  directions  ('  conjugate  parenchyma ').  The  intercellular  spaces 
gradually  increase  in  size,  and  the  connecting  processes  become  longer ;  division- 
walls  appear  in  the  latter  and  thus  a  strongly  developed  system  <^  intercellular 
spaces  is  ultimately  formed.  According  to  Bo^-gesen  and  Paulsen,  the  intercellular 
spaces  in  the  primary  cortex  of  the  '  asparagus-like  roots  '  of  Laguncularia  racemosa^ 
daertn.  f.  develop  in  exactly  the  same  way. 

Liteimtiire:  Hohnel,  Gerberinden,  Berlin,  iSSo,  p.  127  et  seq.—Hohnel,  Neae  GerbebL,  in 
Dingier,  Polytechn.  Journal,  ccxl,  1881,  pp.  388-91.—/.  £.  Weis,  Koikbild.,  Denkichr.  bot. 
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GeielUch.  Regensbmv,  vi,  1890,  sep.  copjr,  pw  16^— Kanten,  BCangroveyegetat,  BibL  bot..  Heft  aa, 
1801,  pp.  51-3  and  Tab.  iz.— Bxindt,  Wcnig  bck.  Rinden,  Diss.,  Dorpat,  1894,  p.  30  et  seq.— 
[Miiabula,  CoUeteri,  Contribnz.  Ist.  Bot  Palermo,  ii,  1897,  P-  15  et  seq. ;  abstr.  in  Just,  1897, 
p.  513.]— Boergcsen  og  Paulsen,  VegcUt.  dansk.  vestiiid.  Oer,  Bot  Tidsskiiit,  xxii,  1808-9,  pp.  43-8 
{iMguncularia  nuemosa,  Gaertn.  £.)  and  pp.  53-4  {Ctmocarpus  erectus,  L.). — Arescno^,  Blattban 
der  Mangiovepfl.,  BibU  bot..  Heft  56,  1899,  pp.  71-7  and  Tab.  ix-xilL— Engler  and  Diels,  Com- 
treium,  in  Engler,  Monogr.  afrikan.  Pflanrenfamilien  n.  Gatt.,  iii,  i899.^Lei8ering,  Interzylkns 
Leptom,  Diss.,  Beriin,  1899,  Pp-  14-17.— Baranetzkj,  Faisc.  bicoU.,  Ann.  sc  nat.,  s^.  8,  t  zii, 
1900,  p.  300. — Baigagli-Petrncci,  L^nami,  Malpigfaia,  190a,  p.  356  (ZflMwtfstfni).— Pendg,  Piante 
acaiome,  Malpighia,  190a,  p.  446  et  seq.  (7>rmMia/fa).— Axeschong,  Trap.  Yizt.  bladbyggn.,  St. 
Vet  Akad.  Handl.,  39,  n.  a,  1905,  pp.  15,  x6  and  75  {Ccmbreium),  pp.  94,  95  {Termiftaliu)^ 
pp.  115-2^  (Quisquaiis), — GUnther,  Anat  d.  Myrtifioren,  Diss.,  BresUn,  1905,  pp.  35,  a6. — 
Leftyre,  £t.  anat  et  pbarmacol.  des  Combret.,  1905,  in  Perrot,  Travanx,  iii,  1906, 136  pp.— [Drabble, 
Anat  of  the  Kinkdiba,  Combretum  Raimbaultit  Quart.  Joum.  Comm.  Research  in  the  Tropics, 
LiTcrpool,  ii,  1907,  pp.  66-70,  i  pL] — Holtermann,  Einfluss  des  Klimas,  etc.,  1907,  pp.  33,  55,  58, 
59  (JjigMncularia,  Ltimnitxera), 

MYRTACEAE  (pp.  350-358). 

I.  Review  of  the  Anatomical  Features.  The  unicellular  clothing 
hairs  found  in  certain  members  of  the  Mjnrtaceae  sens.  str.  are  two-chambered 
in  the  same  way  as  in  the  Combretaceae.  Unicellular  Malpighian  hairs,  showing 
transitions  to  ordinary  unicellular  trichomes,  are  foimd  also  in  Eugenia  coYteat- 
folia.  Hook,  et  Am.  The  hairs  of  Bertholettia  excelsa,  Humb.  et  Bonpl.,  exhibit 
a  tendency  towards  a  tufted  arrangement,  while  those  of  Lecythopsis  rufescens 
show  indications  of  branching.  Shaggy  hairs  are  present  in  Lhotskya  gene^ 
ikyUoides,  F.  v.  M. 

Among  the  anomalous  genera  (see  p.  351)  Gaslondia  and  Psiloxylum  have 
recently  been  investigated  bjr  Van  Tieghem.  Both  of  them  have  proved  to  be 
members  of  this  Order,  as  evidenced  by  the  presence  of  secretory  cavities  in  the 
mimary  cortex  and  mesophyll,  and  by  the  occurrence  of  intraxylary  soft  bast. 
Of  the  remaining  anatomical  features  of  the  two  genera  we  may  mention  the  fol- 
lowing. The  cork  in  Gaslondia  develops  in  the  second  cortical  layer  and  is  composed 
of  alternating  strata  of  (quadrangular  thin-walled  cells  and  flat  Ugnifled  cells,  whilst 
in  Psiloxylum  it  arises  m  the  pericycle  and  consists  of  layers  of  flat  thin-walled 
cells  and  thickened  cells  with  wider  lumina.  The  pericycle  in  Gaslondia  contains 
isolated  groups  of  hard  bast,  and  the  phloem  is  stratifled  into  hard  and  soft  bast, 
while  in  Psiloxylum  bast-flbres  are  completelv  absent,  and  the  stratification  of 
the  phloem,  as  in  *  Cortex  Granati,'  is  due  to  cells  containing  clustered  crystals.  In 
both  genera,  lastly,  the  stomata  are  found  only  on  the  lower  side  of  the  leaf  ;  the 
palisade-tissue  in  Gaslondia  includes  relatively  large  cells  with  clustered  crystals. 

A.    Myrtaceae  sens.  str.  (pp.  352-355). 

Holtermann  records  remarkably  large  epidermal  cells  in  Ei4gcnia  subavenis, 
and  stone-cells  in  the  mesophyll  in  E.  totundifolia  and  E.  sclerophylla. 

I  have  myself  investigated  the  hairy  covering,  and  may  mention  in  the 
first  place  that  some  of  the  simple  unicellular  clothing  hairs  are  two-chambered, 
like  those  found  in  the  Combretaceae.  As  in  that  Order  the  basal  portion  of 
the  hair  contains  a  body  which  varies  in  length  and  has  the  appearance  of 
a  cell,  and  in  this  way  the  duplication  of  the  hair  is  brought  about.  This 
feature  is  found  :  (a)  in  the  narrow,  elongated  clothing  hairs  of  Leptospermum 
grandifolium,  Hort.,  which  have  thick  walls  and  narrow  lumina  and  give  rise 
to  the  silky  covering  on  the  leaves ;  (6)  in  the  short  curly  clothing  hairs  on 
the  leaves  of  Metrostderos  lomeniosa,  A.  Rich. ;  (c)  in  the  similar  hairs  of  Kunzea 
ericifoliay  Reichb. ;  (d)  in  the  mostly  one-armed  hairs  on  the  leaves  of  Pstdiutn 
Guajava,  L. ;  (e)  lastly  also  in  the  hairs  on  the  fruits  of  the  Pimento  (belonging 
to  Pimenta  officinalis,  Lindl. ;  in  this  case  they  are  figured  by  Rosen  on  his 
*  Wandtafel,'  xxvi.  Fig.  B  and  C,  but  are  not  considered  in  the  corresponding 
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text,  p.  i88) ;  these  hairs  are  one-armed  or  indistinctly  two-armed  with  arms 
of  unequal  length.  On  the  other  hand,  the  unicellular  clothing  hairs  found 
oil  the  ovary  of  Pileanihus  filifoltHs^  Meissn.  do  not  show  the  two  chambers. 
Unicellular  clothing  hairs  having  equal  or  unequal  arms  with  wide  lumina, 
and  showing  transitions  to  crop-hairs,  are  found  in  Eugenia  correaefolia.  Hook. 
et  Am.  These  hairs  are  speciaUy  remarkable  in  that  the  membrane  which 
causes  the  dupUcation  in  the  cases  above  mentioned  can  still  be  demonstrated 
in  them  with  certainty,  but  since  it  is  apposed  to  the  longitudinal  walls  of  the 
body  of  the  hair  along  its  whole  length,  it  fails  to  produce  duplication.  Another 
new  form  of  trichome  is  that  of  the  shaggy  hairs  which  have  a  clothing 
function,  and  are  the  cause  of  the  hairy  covering  on  the  branches  and  the 
dliation  of  the  margins  of  the  leaves  in  Lhotskya  gendhyUoideSj  F.  v.  M.  They 
are  multiseriate  structures,  only  one  cell  in  breadth  at  the  apex,  and  are 
characterized  by  the  fact  that  the  ends  of  the  component  cdls  stand  ofi 
from  the  body  of  the  hair  in  a  papillose  manner. 

According  to  Porsch,  the  secretory  cavities  found  in  the  species  of  Euca* 
lyptus  have  an  excretory  mechanism  similar  to  that  found  in  the  Rutaceae ; 
it  is  composed  of  two  parts,  viz.  (a)  a  passive  portion,  which  in  this  case  com- 
prises the  Ud  of  the  gland  (with  2-4  lid-cells)  as  well  as  those  cells  of  the  wall 
which  are  situated  inunediately  below  the  lid,  and  (b)  an  active  portion  con- 
stituted by  the  wall  of  the  gland.  Another  noteworthy  point  is  that  in  this 
case  both  the  inner  and  outer  walls  of  one  or  both  lid-cells  become  split  open, 
the  outer  walls  tearing  at  certain  points,  pre-determined  by  their  histo- 
logical structure ;  the  emission  of  secretion  takes  place  through  the  sUts  thus 
formed,  and  not,  as  in  the  case  of  the  Rutaceae,  throiigh  *  preformed  clefts 
between  the  walls.'  Secretory  cavities  are  present  also  in  the  genus  Aphano^ 
myrtuSy  which  was  formerly  regarded  as  a  doubtful  member  of  the  Myrtaceae 
(Koorders  and  Valeton). 

The  cork  commonly  contains  unsuberized  cells  (phelloid-cells).  In  certain 
species  of  Eucalyptus  (e.g.  E,  globulus^  Labill.)  the  secondary  bast  includes 
niunerous  slightly  sclerosed  spicular  cells,  of  an  irregularly  lobed,  parenchy- 
matous shape. 

B.  Lecythidaceae  (pp.  355-357)- 

The  following  additional  details  regrading  the  clothing  hairs  are  based 
on  incidental  investigations  of  my  own.  The  hairy  covering  on  the  stems  of 
Lecythopsis  rufescens^  Berg  is  constituted  by  1-3-celled  clothing  hairs  which 
vary  in  length  and  are  provided  with  transverse  walls  of  varying  thicloiess. 
In  some  cases  these  hairs  are  imited  to  form  tufts  (the  ray-cells  then  occasion- 
ally consisting  of  two  cells).  The  bicellular  hairs  further  show  a  tendency  to 
branch,  since  the  longitudinal  wall  of  the  lower  cell  is  sometimes  drawn  out  on 
one  side  into  a  short  pointed  papilla.  The  clothing  hairs  on  the  floral  buds  of 
BertholeUia  excelsa,  Hmnb.  et  BonpL  are  for  the  most  part  imicellular,  more 
rarely  bicellular,  with  a  thin  transverse  wall,  and  are  peculiar  in  the  fact  that 
their  longitudinal  walls  exhibit  transverse  folds  at  certain  points  ;  these  folds 
penetrate  into  the  lumen  of  the  cell  to  a  varying  extent,  and  are  placed  at  right 
angles  to  the  longitudinal  axis  of  the  body  of  the  hair. 

According  to  Areschoug,  secretory  cells  are  found  in  the  mesophyll  in 
Napoleonea  Heuddotii^  Juss. 

Uteratare  :  Hohnel,  Gerberindeo,  Berlin,  1880,  pp.  13a  and  134  «t  seq.— Lamoonette,  liber 
interne,  Ann.  sc.  nat,  sA:.  7,  t.  xi,  1890,  pp.  a6o-i.— f.  E.  Weiss,  KoricMld.,  Denkschr.  hot. 
Qesellsch.  Regensbnrg:,  yi,  1890,  p.  16  et  seq.— Johannson,  Wenig  bdc.  Rinden,  Dim,  Dorpat,  1891, 
pp.  II  and  43  et  seq.— [Korpow,  il/«/(i2<?Mra  CajeptUi,  Diss.,  Moscow,  1894.]-— Wartenbeig,  PsuUttm 
Art^a^  Diss.,  Erlangen,  1895,  pp.  x7-34.~Matteucd,  Placche  sngherose,  N^ovo  Giora.  bot  Ital., 
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1897,  p.  334.— PA.  Schneider,  Leaves  of  Eucalyptus  giobtduSy  Joora.  of  PharmaooL,  New  Yoiic,  1897, 
lu  7 ;  abstr.  in  J         '*  "*     "       '  -  --  .  ^  - .  .       ,.,.«.. 

Sni 

comp.  del  genere  EuccUyptus^  Napoli,  1900,  19  pp.]. — Unprung,  Anat  a.  Jahresringbild.,  etc, 
Diss.,  Basel,  1900,  pp.  i8-ao  {Pstdium  ponUfcrumy  L.).~[Baker  and  Smith,  Encalypts,  Technic 
Edncat,  Ser.  13,  Techn.  Mas.,  New  Sonth  Wales,  Sydnepr>  X9pa.] — Barragli-Petnicci,  Legnami, 
Malpighia,  igoa,  p.  556  et  seq.  {Eugenia^  THr/oiria).— Fabricius,  Laubbl.-Anat,  Beih.  z.  bot. 
CentnUbl.,  xii,  190a,  p.  330  {Barringtonia), — Knothe,  Unbenetzbl  BL,  Diss.,  Heidelberg,  190a, 
p.  ao. — ^PoTsch,  Entleerungsapp.  innerer  Driisen,  Ost.  bot.  Zeitschr.,  1903,  pp.  356  and  318  et  seq., 
Tab.  ix. — Col,  Faisceanz,  Ann.  sc.  nat.,  s^.  8,  t  xx,  1904,  pp.  19^-305  and  341-5.— Van  Tieghem, 
Gaslondie  et  Psiloxyle,  Ann.  sc  nat,  s^r.  8,  t.  xix,  1904,  pp.  ^9--&.— Aieschoug,  Trop.  vaxt.  blad- 
byggn.,  Sv.  Vet  Akad.  Handl.,  39,  n.  2,  1905,  pp.  46,  47,  Tab.  v.  {NapoU<m$a\  pp.  1 10-11  and 
Tab.xvi  (AM&«w),pp.  130,  131  (£ft5pwfi<i).—[&m^illon,  Timber  of -5arrfif,^/wfjtf,  Indian  Forester, 
xzxi,  1905,  pp.  89,  90.]— Giinther,  Anat.  d.  Myrtifloren,  Diss.,  Breslau,  1905,  pp.  24,  35,  and  a8>33. 
— Porsch,  Spalto&ongsapparat,  Jena,  1905,  p.  44. — [H.  G.  Smith,  Calcium  oxalate  in  the  barks  of 
the  Encalypts,  Abstracts  Roy.  Soc.  N.  S.  Wales,  May,  1905,  pp.  3,  4.] — [Pampanini  e  Pampaloni, 
XanthosUmoH,  Nuovo  Giom.  bot.  Ital.,  n.s.,  xiii,  i^,  pp.  iai-37.]— Piccioli,  Legnami,  Bull.  Siena, 
1906,  pp.  151,  153. — Holtermann,  Einfiuss  des  Klimas,  etc,  1907,  p.  lao  et  seq.  (^Eugema), — [For 
additional  literature,  see  p.  11 71.] 

MELASTOMACEAE  (pp.  35S-368). 

1.  Review  of  the  Anatomical  Features.  The  occurrence  of  a 
characteristic  stomatal  apparatus,  in  which  the  pairs  of  guard-cells  are  ahnost 
completely  surrounded  by  a  single  epidermal  cell,  is  worthy  of  special  note. 
A  very  striking  feature  of  the  hairy  covering  is  the  great  scarcity  of  unicellular 
clothing  hairs ;  imiseriate  hairs  are  also  of  infrequent  occurrence.  Shaggy 
hairs  showing  manifold  types  of  structure,  as  well  as  stellate,  tufted,  cande- 
labra, and  peltate  hairs  are  far  commoner.  The  hollow  shaggy  hairs  of 
Heterotrichum  strigosunty  Tr.,  and  the  combinations  of  clothing  and  glandular 
hairs,  found  more  especially  in  many  of  the  Miconieae,  also  require  special 
mention.  External  glands  are  widely  distributed ;  they  are  clavate  or  their 
head  is  spherical,  discoid,  or  otherwise  shaped  or  (rarely)  differentiated  as 
a  vesicular  integumental  gland ;  in  other  cases  the  glands  are  represented 
by  glandular  shaggy  hairs.  Peculiar  '  retort-shaped  glands '  are  foimd  in 
Bellucia,  papillose  or  hair-like  appendages  on  the  cells  of  the  stalks  of  ex- 
ternal glands  in  species  of  Miconia,  &c.,  composite  glandulai*  hairs  with  two 
or  more  heads  on  a  common  stalk  in  species  of  Calycogonium^  ChariatUhus^ 
HenricUelkiy  Miconia,  Of  internal  secretory  organs,  tannin-idioblasts  have 
recently  been  observed  in  species  of  Clidemia  and  Miconia,  The  only  addi- 
tional record  of  ^elatinization  of  the  epidermis  of  the  leaf  is  afforded  by 
Pternandra.  Typical  sohtary  aystals  of  the  ordinary  form  appear  to  be 
wanting  in  the  Melastomaceae,  at  least  in  the  leaf ;  but  in  some  cases  the 
cluster^  aystals  exhibit  a  reduction  to  short  thick  solitary  crystals.  To  the 
enumeration  of  special  features,  which  are  of  value  in  detailed  diagnosis,  we 
may  add  :  the  reticulate  thickening  of  cells  of  the  palisade  tissue  (species  of 
Graffenrieda  and  Meriania) ;  the  sclerosis  of  cells  of  the  mesophyll ;  the 
presence  in  certain  members  of  the  Order  of  spongy  tissue,  provided  with 
peculiar  coUenchymatous  thickenings ;  the  occurrence  of  spiral  tracheids  in 
the  mesophyll  (species  of  Bellucia,  SenrieUea,  and  SonerUa). 

2.  Structure  of  the  Leaf.  The  structure  of  the  leaf  has  recently  been 
investigated  by  Paldzieux  in  numerous  genera  belonging  to  the  Tribes 
Osbeckieae,  Rhexieae,  Merianieae,  Oxysporeae,  Sonerileae,  Bertolonieae,  Disso- 
chaeteae,  and  Blakeae,  as  well  as  in  the  Astronieae  and  Memecyleae^  and  by 


^  The  following  genera  were  examined :  Osbeckia,  Rhodosepalay  Otanthera,  MelasUmia^ 
TrisUmma,  Dissctis,  Dichactanihera^  Dinophora  (Tribe  Osbeckieae)  ;  Rhexia,  Pachyloniay  Motuh 
chaetum  (Tribe  Rhexieae)  ;  Hubtria^  BehuHa,  Opisthocentray  AdeiobotrySy  Meriania^  Graffenrieda 
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Gottschall  in  numerous  genera  of  the  Miconieae.^  These  new  investigations 
help  to  confirm  and  extend  the  statements  made  in  the  earlier  porticm  of 
this  work. 

According  to  Paldzieux  and  Gottschall,  the  stomata  vary  very  much  in 
size.  As  r^ards  the  neighbouring  cells  both  authors  in  the  first  place  state 
that  the  pairs  of  guard-cells  are  frequently  surrounded  by  three  or  more  ordinary 
epidermal  cells ;  side  by  side  with  stomata  of  this  type,  others  with  subsidiary 
cells  placed  transversely  to  the  pore  occasionally  occur  in  one  and  the  same 
species.  The  type  of  stoma  just  mentioned  is  found  in  most  of  the  species  of 
the  Tribes  Oxysporeae,  Sonerileae,  and  Bertolonieae,  as  well  as  in  MediniUa 
and  many  of  the  Miconieae.  In  stomata  of  this  kind  one  of  the  two  trans- 
versely placed  cells  often  surrounds  the  greater  part  of  the  guard-cells,  so  that 
the  other  neighbouring  cell  merely  touches  them ;  in  some  cases  the  latter 
undergoes  division  by  a  wall  approximately  coincident  with  the  direction  of 
the  pore,  so  that  three  neighbouring  cells  are  found,  one  of  which  surrounds 
the  pair  of  guard-cells  in  the  way  previously  described.  Stomata  with  neigh- 
bouring cells  placed  parallel  or  obliquely  to  the  pore  are  rare  (Miconieae). 
In  certain  species  of  Osheckia  and  Dissotis  the  stomata  are  arranged  parallel 
to  the  midrib.  In  Clidemia  hderaneura,  Cogn.  the  pairs  of  guard-cells  occur 
singly  in  crateriform  depressions  in  the  surface  of  the  leaf,  while  in  species  of 
Clidemia  and  Miconia  they  are  surroimded  by  a  cuticular  ridge.  Crowding 
of  the  stomata  in  groups  is  met  with  on  the  mner  and  (rarely)  outer  side  of 
the  domatia  (inhabited  by  ants)  found  in  species  of  Tococa  and  Myrmidane^ 
as  well  as  on  the  lower  side  of  the  leaves  in  Leandra  aciiiiflora^  Cogn.,  Caly- 
cogonium  Krugii,  Cogn.,  and  Ossaea  Krugiana^  Cogn. ;  in  the  two  species  last 
named  this  phenomenon  is  due  to  the  partial  sclerosis  of  the  lower  epidermis. 

Pal6zieux  and  Gottschall  also  mention  the  occurrence  of  epidermal  cells 
with  wide  lumina  and  the  gelatinous  appearance  of  the  cellulose-membranes 
of  the  epidermis  as  features  characteristic  of  certain  species  ;  other  characters 
are  the  cuticularization  of  the  outer  wall,  the  penetration  of  the  cuticle  into 
the  lateral  walls  in  the  form  of  ridges  or  pegs,  and  the  varied  types  of  striation 
presented  by  the  cuticle.  The  epidermal  cells,  found  in  the  neighbourhood  of 
the  hairs  and  those  situated  above  the  crystal-idioblasts  of  the  meso^yll, 
occasionally  have  a  special  shape.  The  case  of  Hiiberia  laurinay  DC.  may  be 
particularly  noted  in  this  connexion ;  here  rows  of  elongated  epidermal  cells 
extend  from  gland  to  gland  on  the  upper  side  of  the  leaf,  these  rows  in  their 
entirety  forming  a  network.  The  only  additional  record  of  gelatinization 
of  the  epidermis  of  the  leaf  is  fumishea  by  Ptemandray  so  that  mucilaginous 
epidermal  cells  are  only  of  very  rare  occurrence  in  this  Order.  Upper  epidermal 
cells  showing  palisade-like  elongation  are  found  also  in  species  of  talycogonium, 
Clidemia,  Leandra,  Miconia,  Ossaea,  and  Tetrazy^ia ;  such  cells  either  form 
the  whole  of  the  epidermis  or  only  occur  in  certam  parts,  which  are  situated 
above  the  idioblasts  (containing  clustered  crystals)  in  the  palisade-tissue  and 
above  the  veins ;  the  cells  in  this  case  are  occasionally  divided  transversely 
or  the  lateral  walls  exhibit  a  concertina-like  folding.  Palisade-like  elongation 
of  the  lower  epidermal  cells  has  been  demonstrated  only  in  certain  species 
of  Miconia.    Papillose  differentiation  of  the  upper  and  lower  epidermis  and 


(Tribe  Merianieae);  Aliomorphia,  Oxyspora,  Barthea,  BlasiuSy  Ochtk^haris,  Veprecella  (Tribe 
Oxysporeae);  Scnerila^  Sarcopyramis  (Tribe  Sooerilne);  Bertolania,  Saipinga,  TritUna  (Tribe 
Bertolooieae) ;  Marumia,  Dissochaeta,  Ampiectrum,  Omphahpus,  Med&mlla  (Tribe  Dhsodneteae)  ; 
Bhkta  (Tribe  Blakeae) ;  Astromia,  Pttrmotdra,  Kibessia  (Tribe  Astrooiaae) ;  Mouriria,  Mtmecylm 
(Tribe  Memecyleae). 

^  The foUowiDg genera:  Leandra^ Conost€gia,CharianihuSf  TetroMygia, Aticonia,  Catyccig^nium, 
Heterotrichum,  Tococa^  Majeta^  Myrmidone,  MecratUum,  Clidemia,  Sellucia,  Lonya,  Henriettio, 
HtnrietteUa,  Ossaea,  Myriaspora, 
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the  occurrence  of  a  hj^derm  composed  of  one  or  more  layers  have  been 
observed  in  many  species. 

The  upper  epidermis  is  papillose  in  the  following  species  :  Allomorphia  umbel- 
lulata.  Hook,  f.,  Bertolonia  marmorata,  Naud.,  Clidemia  cymifera,  Donn.-Smith, 
Conostepa  subcrustata,  Tr.,  C.  viridis,  Cogn.  and  C.  xalapensis,  Don»  Heterotrichum 
E^gsrsit,  Cogn.  and  H»  pollens,  DC.»  Leandra  solenifera,  Cogn.,  Medinilla  astro- 
ntoides,  Tr.,  Opisthocentra  clidemioideSy  Hook.  f.»  Sonerila  obliqua,  Kortii.  and  5. 
secunda,  R.  Br. ;  a  papillose  lower  epidermis  occurs  in :  Belinda  brasiliensis,  Naud., 
B.  dichoioma,  Cogn.,  B,  grosstdarioides,  Tr.  and  B.  imperialiSy  Said,  et  Cogn.,  Dichae- 
tanthera  altisstma,  Cogn.,  Dissochaeta  pallida,  BL,  Henriettea  grantUatap  Berg, 
H,  Marfii,  Nand.,  H,  mulii flora,  Naud.,  H,  Spruceana,  Berg  and  H,  succosa,  DC., 
Kibessia  hirtella,  Cogn.,  Mecranium  haetnantnum,  Tr.,  Miconia  tnUanensis,  Cogn., 
Af.  macrophylla,  Tr.  and  M.  Regelii,  Cogn.,  Ptemandra  panictuata,  Benth.  (sub- 
papillose),  Tetraxygia  bicolor,  Cogn.  and  T.  pallens,  Cogn.  The  papillae  vary  in 
shape,  but  are  mainly  conicaJ  or  finger-shaped. 

Hypoderm  has  been  observed  on  the  upper  side  of  the  leaf  in :  Anplectrum 
assamicum,  Clarke,  Astronia  Candolleana,  Cogn.,  Blakea  pttlverulenta,  Vahl  and 
B.  trinervia,  L.  (both  species  with  a  two-layer^  epidermis),  Calycogonium  squamu- 
losum,  Cogn.,  Charianthus  coccineus,  Don,  C  corymbosus,  Cogn.,  C.  longifolius, 
Cogn.  and  C  nodosus,  Tr.,  Clidemia  blepharodes,  DC.  (cells  remarkably  large  and 
showing  concertina-Uke  foldinj^;),  Conostepa  Donnell-Smithii,  Cogn.,  C  procera, 
Don,  C.  subhirsuta,  DC.  and  o.  xalapensts,  Don,  Dichaetanthera  altissima,  Co^., 
D.  laii folia,  Cogn.  and  D,  rosea,  Cogn.,  Dissotis  incana,  Tr.  (lateral  walls  exhibiting 
concertina-like  folding),  Graffenrieda  boliviensis,  Cogn.  and  G.  emarginata,  Tr., 
Henriettea  angtcstifolia.  Berg,  H.  granulata,  Ber^  H.  Martii,  Naud.,  H,  multiflora, 
Naud.,  H.  Spruceana,  Berg  and  H.  succosa,  DC.,  Henriettella  /ascicularis,  Tr., 
H.  Macfadyenii,  Tr.  and  H,  membranifolia,  Cogn.,  Loreya  nigricans,  Tr.,  Marumia 
pachygyna,  Korth.,  Mecranium  amygdalinum,  Tr.  and  M.  haemanthum,  Tr.,  Medi- 
nilla astronioides,  Tr.,  M.  magnifiM,  lindL,  M,  myrtiformis,  Tr.,  M.  painllosa, 
Bak.,  M,  parvi folia,  Bak.,  M,  paucifiora.  Hook.  f.  and  M,  rubicunda,  BL,  Melastoma 
imbricatum,  WalL,  M.  Malabathricum,  L.,  M.  normal^,  L.  and  M.  obvolutum.  Jack, 
Meriania  boliviensis,  Cogn.  and  Af .  calophylla,  Tr.,  Miconia  affinis,  DC,  M .  (;w&«w5i5, 
Sauv.,  Af.  difficilis,  Tr.,  Af.  foveolata,  Cogn.,  Af.  glandulifera,  Co^.,  Af.  hirtella, 
Cogn.,  M,  lilacina,  Tr.,  M.  auadrangularis,  Naud.,  M.  Sintenisit,  Cogn.  (in  the 
species  last  named  the  cells  of  the  one-layered  h3rpoderm  have  very  wide  and  deep 
lumina,  are  sometimes  transversely  divided,  and  are  further  provided  with  exception- 
ally thick  and  gelatinous  inner  walls  which  have  a  milky  white  colour  and  extend 
upwards  in  the  form  of  a  wedge  between  the  lateral  walls)  and  M.  theaexans,  Cogn., 
Mouriria  domingensis,  Spach.,  Af.  grandifhra,  DC^  Af.  guianensis,  Aubl.  and 
Af.  myrtUloides,  Poir.,  uchthocharis  borneensis,  BL,  Pachyloma  coriaceum,  DC. 
and  P.  huberioides,  Tr.,  Sonerila  frandi flora,  R.  Br.  and  5.  moluccana,  Roxb., 
Tetraxygia  angustifolia,  DC.,  T.  btcolor,  Cogn.,  T.  crotonifolia,  DC,  T.  discolor, 
DC,  T,  elaeagnoides,  DC,  T.  hispida,  Macf.  and  T.  pallens,  Cogn.  According  to 
Holtermann,  Kendrickia  Walkert  also  has  a  h3rpoderm,  which  occupies  half  the 
thickness  of  the  leaf. 

In  Miconia  tetrandra,  Naud.  the  upper  epidermis  in  transverse  section  consists 
of  a  varying  number  of  layers,  the  cells  of  which  are  of  unequal  size  ;  in  this  species 
cells  of  varying  size  are  cut  ofi  irregularly  from  the  outer  side  of  the  larger  epioermal 
cells. 

The  following  structural  features  of  the  mesophyll  require  special  mention. 
The  species  of  Bellucia  have  a  palisade-tissue,  composed  of  two  or  three 
layers  of  cells,  which  are  fitted  in  among  one  another  m  such  a  way  that  they 
are  firmly  joined  together.  Reticulate  thickening  of  isolated  psdisade-cells, 
similar  to  that  occurring  in  Clusia  rosea,  L.  (GuttSerae),  is  found  in  Meriania 
paniculata,  Tr.  var.  parvifolia,  Cogn.,  and  Graffenrieda  emarginata,  Tr,  In 
Medinilla  papulosa,  Bak.  isolated  cells  of  the  palisade-tissue  are  sclerosed. 
Special  tannin-idioblasts,  which  are  filled  with  brown  contents  in  herbarium- 
material,  have  been  observed  in  the  palisade-tissue  in  Clidemia  Kapj^eri, 
Cogn.,  and  Miconia  compressa,  Naud.,  whilst  in  other  members  of  the  6rder 
all  the  palisade-cells  have  brown  contents,  and  at  the  same  time  show  folded 
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lateral  walls ;  large  lenticular  starch-grains  occur  in  the  mesophyll  in  spedes 
of  Meconium  and  Miconia.  Collenchymatous  thickening  of  the  spongy  tissue, 
similar  to  that  found  in  Pachyloma  coriaceum  (see  p.  360)  is  recorded  by 
Pal^zieux  also  in  species  of  Anplecttum^  Graffenrieday  MedintUa,  Mdastoma^ 
Meriania  and  Ochthocharis,  Spiral  tracheids  have  been  observed  at  the  limit 
of  palisade  and  spongy  tissues  in  Sonerila  moluccana^  Roxb.,  and  in  the  spongy 
tissue  in  Bellucia  imperialism  Cogn.  et  Said,  and  HenrieUea  angustifolia^  Berg. 
In  MediniUa  papulosa^  Bak.  and  Af .  parvifolia,  Bak.  the  middle  layer  of  the 
spongy  tissue  is  sclerosed,  while  in  species  of  Leandra,  Miconia^  and  Ossaea 
the  walls  of  all  the  cells  of  the  spongy  tissue  are  remarkably  thickened ;  in 
Huberia  semiserratay  DC.  the  spongy  tissue  only  contains  isolated  sclerosed 
cells.  Gottschall  lastly  mentions  the  occurrence  of  strongly  sclerosed  and 
pitted  cells,  having  an  undulated  outline,  in  the  spongy  tissue  of  Henriettella 
glabrUy  Cogn.,  and  of  strongly  sclerosed  cells  of  a  serpentine  form  in  that  of 
Miconia  tetrandray  Naud. 

A  consideration  of  the  data  recently  published  seems  to  show  that  sderen- 
chyma  is  more  frequently  found  accompanying  the  veins  than  was  formerly 
supposed,  although  the  accompanying  tissue  for  the  most  part  exhibits 
collenchymatous  dififerentiation.  Gottschall  states  that  the  veins  are  vertically 
transcurrent  in  species  of  Ckarianthus,  Clidemiay  HenrietUay  Leandra,  Miconia^ 
Tetrazygia,  and  Tococa ;  according  to  the  same  author,  the  more  delicate  veins 
are  frequently  provided  with  a  distinct  parenchyma-sheath,  which  is  occa- 
sionally sclerosed.  Gottschall  and  Pal^eux  also  mention  the  occurrence  of 
more  or  less  elongated  rod-cells  in  the  parenchymatous  ground  tissue  of  the 
veins  in  species  of  numerous  genera  ^  while  Gottschall  records  spindle-shaped 
sclerenchymatous  cells  in  the  same  position  in  Miconia  rhytidophyllay  Naud. 

In  the  Tribes  recently  investigated  oxalate  of  lime  is  also  for  the  most 
part  deposited  in  the  form  of  clustered  crystals,  which  vary  in  size  and  shape. 
They  are  found  in  the  mesophyll,  the  veins,  the  h3^poderm  (e.  g.  in  species  of 
Blakeay  Dichaetanthera  and  Mdastoma)y  and  more  rarely  also  in  the  epidermis 
(embedded  in  the  strongly-thickened  inner  wall  in  miconia  campestrisy  Tr., 
according  to  Gottschall  * ;  and  in  the  epidermis  of  the  veins  in  species  of 
Dichaetanthera,  according  to  Pal6zieux).  The  large  cells  of  the  palisade-tissue, 
which  are  occupied  by  clustered  crystals,  commonly  penetrate  between  the 
epidermal  cells  after  the  manner  of  a  wedge,  and  occasionally  give  rise  to 
transparent  dots  in  the  leaf.  A  peculiar  arrangement  of  the  clustered  crystals 
has  been  observed  in  the  leaf  in  species  of  Blakea  ;  the  crystals  are  contained 
in  three  horizontal  layers  (viz.  (a)  in  the  h5rpoderm  or  in  the  layer  of  palisade 
situated  beneath  the  upper  epidermis,  (6)  in  the  layer  of  cells  adjoining  the 
palisade-tissue,  and  (c)  in  the  cell-layer  lying  above  the  lower  epidermis). 
Sphaerites  are  foimd  in  the  bases  of  the  shaggy  hairs  (*  Zottenfiisse ')  alsi> 
in  the  Osbeckieae  and  Rhexieae.  Other  noteworthy  features  are  as  follows  : 
the  occasional  reduction  of  the  clustered  crystals  to  a  short  and  thick  solitary 
crystal  (especially  in  Miconia  atratay  Wawra  and  Ossaea  micranthay  Macf.) ; 
the  presence  of  small  monoclinic  crystals  in  the  cells  containing  clustered 
crystals  in  Miconia  buddleioides,  Tr.  and  M.  trichotoma,  DC,  and  the  styloids, 
recorded  by  Gottschall,  in  Calycogonium  squamuiosumy  Co^. 

The  hairy  covering  is  again  very  manifold  in  the  Tnbes  investigated  by 
Pal^zieux  and  Gottschdl.    The  clothing  hairs  are  represented  by  the  same 

*  These  genera  are  :  AnpUctrum,  Behuria,  Clidemia,  Conostegiay  DichaetanthirOy  Dissochatta, 
Henriittella,  Hubtriay  Letmdray  Lortya,  Marumiay  Miconiay  Omphalopus^  Pachylomay  TUraaygUiy 
Tococoy  VepnuUa. 

'  Gottschall  mentions  the  occurrence  of  cells  containing  clustered  ojstals  and  causing  large  hemi- 
spherical protuberances  on  the  upper  side  of  the  leaf  in  Heterotrichum  Eggersiiy  Cogn.  and  H,  patenSy 
Cogn.,  bnt  he  does  not  state  whether  they  belong  to  the  epidermis. 
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types  as  those  previously  enumerated  on  the  ground  of  the  older  investiga- 
tions (see  p.  301).  Unicellular  or  uniseriate  trichomes  are  also  rare  in  the 
Tribes  recently  investigated  (and  consequently  in  the  Melastomaceae  generally). 
Pal^eux  records  unicellular  and  uniseriate  dothing  hairs  in  Kibessia  echituUa^ 
Cogn.  and  uniseriate  trichomes,  the  cells  of  which  are  in  part  ventricose  and 
often  striulate,  in  species  of  Sonerila  and  Veprecellay  while  Gottschall  describes 
unicellular  hairs  in  Miconia  plumifera,  Tr.  var.  Bangii^  Cogn.  The  following 
modifications  of  the  uniseriate  hairs  are  found  : — trichomes,  the  ends  of  which 
develop  a  few  ray-cells,  amonf  which  a  club-shaped  multicellular  gland  is 
occasionally  (Veprecella  microphyUay  Cogn.)  included  (species  of  VepreceUa); 
and  trichomes  consisting  of  a  row  of  rounded  cells,  the  terminal  cell  being 
glandular  {Sonerila  obliqua^  Korth.  and  5.  secunda^  R.  Br.).  The  shaggy 
hairs,  like  those  formerly  observed,  are  either  parenchymatous  or  prosenchy- 
matous ;  their  mode  of  insertion,  as  well  as  their  shape  and  length,  varies ; 
in  some  cases  they  are  bent  in  the  form  of  a  hook  and  they  may  have  the  shape 
of  a  short  awn  or  wart,  &c.  In  the  larger  types  of  shaggy  hairs  there  is  a 
vascular  bundle  in  the  lower  portion  (speaes  of  Majeta,  Myrmidone  and 
Tococa).  Pal^zieux  records  shaggy  hairs  with  a  papillose  epidermis  in  species 
of  Dichaetanihera^  DissoUSy  Osbeckiay  Rhodosepala  and  Tristemmay  brush-like 
shaggy  hairs  in  species  of  Dichaetatdhera,  DissotiSy  Mdastomay  Monochaetum 
and  dtantheray  shaggy  hairs  of  the  abietiform  or  candelabra-type  in  species  of 
Dichaetaniheray  Dissochaetay  DissotiSy  KibessiUy  Marnmiay  Meriania  and 
OmphalopuSy  and  shaggy  hairs  resembling  the  leaf  of  a  moss  in  species  of 
Dichaetanikera  and  melastoma.  GottschalU  describes  the  following  types : — 
smooth  shaggy  hairs  composed  of  two  or  three  rows  of  prosench3miatous  cells, 
which  are  subdivided  by  two  or  three  thin  transverse  walls,  such  hairs 
commonly  bearing  a  glandular  head  at  their  apex  (species  of  CUdemia  and 
Tococa)  \  prosenchymatous  shaggy  hairs  with  a  papillose  epidermis  (species 
of  Clidemiay  Conostegiay  HenrieUeay  Leandra,  Miconia  and  Ossaea) ;  prosen- 
chymatous shaggy  hjiirs  terminating  in  a  stellate  trichome  (species  of 
ConosUgia  and  Leandra) ;  prosenchymatous  shaggy  hairs  of  candelabra-  or 
antler-like  form  (species  of  Clidemiay  Leandra  and  Ossaea) ;  parenchy- 
matous brush-like  shaggy  hairs  (species  of  Miconia  and  Tococa) ;  parenchy- 
matous shaggy  hairs  with  more  or  less  pronoimced  dendroid  branching 
(species  of  Conostegiay  Leandra  and  Miconia),  The  different  forms  of  hairs 
just  referred  to  are  moreover  occasionally  (species  of  Clidemiay  Leandra^ 
Miconiay  Ossaea)  seated  on  conical  prominences  of  varying  height  on  the  surface 
of  the  leaf,  while  small  shallow  pits  correspond  to  these  prominences  on  the 
lower  side  of  the  leaf.  The  hollow,  bristle-like  shaggy  haurs  of  Heterotrichum 
strigosumy  Tr.  still  require  special  mention ;  they  are  placed  with  their  tips 
pointing  towards  the  apex  of  the  leaf  and  are  adpressed  to  its  surface ; 
the  epidermis  of  these  hairs  is  formed  by  elongated  prosenchymatous  cells, 
beneath  which  a  layer  of  short  palisade-cells  is  situated,  while  the  interior 
of  the  hair  is  occupied  by  a  large  intercellular  space.  Regarding  the  stellate, 
tufted,  candelabra  and  peltate  hairs  observed  by  Pal6zieux  and  Gottscludl 
we  may  mention  the  following  details.  Pal^ieux  records  stellate  or  tufted 
hairs  with  a  short,  mostly  biseriate  stalk  and  a  varying  number  of  ray-cells 
in  species  of  Anpledrumy  Astronia  (probablv  on  Cogniaux's  authority  and 
not  on  the  basis  of  personal  observation),  DissochaeUiy  Marumia  (trichomes 
occasionally  of  the  candelabra-type)  and  Omphalopus  (trichomes  likewise 
occasionally  resembling  candelabra-hairs),  while  peltate  hairs  occur  not  only 
in  the  plant  investigated  by  Bachmann,  which  belongs  to  Astronia  CandoUeanay 
Cogn.  (not  A.  papetaria)y  but  also  according  to  Cogniaux  in  many  species  of 
Asironia,  The  types  of  hairs  last  discussed  show  much  greater  diversity  of 
form  among  the  Miconieae,  where  they  are  often  connected  by  transitional 
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forms,  which  occur  even  in  the  same  species  or  on  one  and  the  same  leaf. 
Gottschall  in  the  first  place  mentions  stellate  hairs  with  a  short,  mostly 
biseriate  stalk  and  a  few  ray-cells,  which  occasionally  include  a  gland,  in 
species  of  Calycoganium^  Clidemia^  ConosUgia^  HeUrotricnum,  LeandrOy  MajettL, 
Miconia^  Myrmidone^  Ossaea  (described  as  tufted  hairs  in  tiie  special  part  of 
Gottschall's  paper),  Tdraxygia^  and  Tococa.  The  following  are  special  forms 
of  the  stellate  hairs : — stelkte  hairs,  in  which  the  ray-cells  are  swollen  in 
a  bulbous  manner  at  their  base  (species  of  Clidtmia,  MicofUa  campestris^  Tr.) ; 
stellate  hairs  with  a  very  long  parenchjmiatous  or  prosenchymatous  stalk 
(species  of  Calycogonium^  Clidemia^  Miconia);  stellate  hairs  in  which  the 
basal  cells  of  the  comparatively  short  stalk  are  divided  into  compartments  by 
numerous  transverse  walls  (species  of  Miconia) ;  stellate  haii^  the  ray-cells 
of  which  have  narrow  lumina  and  a  serpentine  outline  (species  of  Cltdemia 
and  Miconia) ;  lastly,  the  pulvinate  stellate  hairs  of  Miconia  rugosa^  Tr.  and 
M.  tomeniosa^  Don,  in  which  the  basal  portions  of  the  cells,  which  radiate 
out  in  all  directions,  are  fused  to  form  a  hemispherical  cushion.  Trichomes 
described  by  GottschaQ  as  tufted  hairs,  but  not  very  sharply  distinguished 
from  the  stellate  hairs  (apparently  only  by  the  larger  numbo:  of  ray-cells), 
are  found  among  the  Miconieae  in  speaes  of  Ccuycogoniumy  Chananihus^ 
Clidemia,  Conostegia^  Miconia  and  Tdrazygia.  Candelabra-hairs  with  ray- 
cells,  which  are  horizontal  or  occasionally  even  point  upwards,  are  present 
in  species  of  Clidemia,  Conostegia,  Miconia  and  Tetrazygia.  According  to 
Gottschall,  distinct  peltate  hairs  occur  in  Miconia  fulva,  DC.,  M,  lepidota,  DC. 
and  M.  tiliaefolia,  Naud.  (in  the  first  two  species  with  long  stalks ;  in  the 
third  species  with  stalks  of  varjdng  length),  and  in  Tetraxygia  tricolor,  Cogn. 
(in  small  pits  in  the  surface  of  the  leaf).  They  are  derived*  from  tufted  haSrs, 
in  which  the  upper  ray-cells  have  undergone  reduction ;  these  abbreviated 
ray-cells  are  seated  on  the  top  of  the  shield,  and  in  some  cases  form  a  more 
or  less  distinct  small '  upper  scale,'  which  in  M,  fulva  even  includes  an  external 
gland ;  in  the  same  way  the  uppermost  tier  of  cells  in  the  stalk  occasionally 
(Af .  lepidota)  grows  out  to  form  a  small  *  lower  scale.'  Tufted  hairs  resembling 
small  scales  occur  also  in  other  species  of  Miconia,  as  well  as  in  Calycogonium 
squamtdosum,  Cogn.  and  HenrietteUa  Macfadyenii,  Tr.  It  remains  to  mention 
that  all  the  diverse  forms  of  clothing  hairs  found  in  the  Miconieae  (with  the 
exception  of  the  hollow  shaggy  hairs  of  Heterotrichum  and  the  bristle-hairs  of  Caly- 
cogonium Krugiiy  Cogn.,  and  a  few  species  of  Ossaea)  occur  also  in  combination 
with  glands ;  in  the  Tribes  investigated  by  Pal6zieux  such  combined  forms 
of  clothing  and  glandular  hairs  have  been  demonstrated  only  in  VcprecMa 
(see  above).    We  shall  return  to  these  intermediate  forms  once  more  below. 

The  following  details  may  be  mentioned  regarding  the  external  glands* 
The  species  belonging  to  the  Tribes  examined  by  Pal6zieux  for  the  most  part 
have  small,  multicellular  external  glands,  which  are  either  clavate  or  exhibit 
a  distinctly  demarcated  stalk  and  a  multicellular  head.  Uniseriate  glandular 
hairs  in  which  the  cells  of  the  stalk  are  ventricose  and  frequently  striulate, 
are  found  in  Sonerila ;  glands  with  a  long  stalk  and  a  bicellular  head,  divided 
by  a  vertical  wall,  occur  in  species  of  Auomorphia,  Medinilla  and  Oxyspora ; 
glandular  hairs  with  a  disc-shaped  head  divided  by  vertical  walls  in  Barthea 
chinensiSy  Hook.  f.  (glandular  disc  composed  of  four  cells),  species  of  Huberia 
(glandular  disc  composed  of  a  larger  number  of  cells,  occasionally  with  a  lobed 
margin)  and  species  of  Graffenrieaa  (glandular  disc  placed  excentrically  on  the 
stalk) ;  vesicular  integumental  dands,  similar  to  those  found  in  the  Labiatae,  in 
Blastus  cochinchinensiSy  Lour.  Fal^zieux  mentions  the  occurrence  of  glandular 
shaggy  hairs  only  in  species  of  Rhexia  and  Sonerila.  According  to  Gottschall,  the 
external  glands  found  in  the  Miconieae  exhibit  a  much  greater  diversity  of  shape. 
Uni-  or  biseriate,  filiform  external  glands  have  been  observed  in  species  of 
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HenrietUa^  Miconia  and  Tdrazygia.  Quite  a  special  form  of  hair  is  constituted 
by  the  uniseriate  retort-shaped  glands  (hydathodes  ?)  of  the  species  of  Bellucia ; 
the  ventricose  portion  of  these  glands  is  inserted  among  the  epidermal  cells  and  is 
divided  by  a  large  number  of  thin  transverse  walls  into  low  and  broad  cells, 
which  pass  over  mto  cylindrical  cells  in  the  region  of  the  neck,  while  the  apex 
of  the  trichome  is  occupied  by  a  slightly  spherical  terminal  cell ;  the  cells  of 
the  neck  and  of  the  ventricose  portion  nave  thick  walls  except  tor  the  trans- 
verse walls  in  the  latter  and  for  small  rounded  areas  which  remain  im- 
thickened  in  the  middle  of  the  transverse  walls  of  the  lower  cells  of  the  neck ; 
the  uppermost  cells  of  the  neck  and  the  terminal  cell  have  thin  walls.  Bent 
uniseriate  glandular  hairs  with  a  cylindrical  head  and  bearing  a  few  backwardly 
directed  papillae  at  the  point  of  bending  are  found  in  species  of  HenrieUMa^ 
Loreya,  and  Myriaspora ;  biseriate,  club-shaped  glandular  hairs  occur  in  species 
of  Calycogoniumy  Clidemia,  Heterotrichum,  Majeta^  Miconia^  Myrmidone  and 
Tococa.  Here  we  may  also  include  glandular  hairs,  the  head  of  which  is  bent  in 
relation  to  the  biseriate  stalk  in  a  more  or  less  geniculate  manner,  while  the  stalk 
often  bears  one  or  more  ray-cells.  The  head  in  these  hairs  exhibits  the  following 
types  of  structure ;  it  is : — small,  oval  or  spherical,  either  unicellular  or  bicellular 
owing  to  the  presence  of  a  division- wall  in  the  plane  of  bending  of  the  stalk,  in 
species  of  Leandra^  Meconium  (?,  cf.  GottschaU,  p.  137),  Miconia^  Ossaea  and 
Tetrazygia ;  ellipsoidal,  clavate  or  cylindrical,  and  multicellular  in  species  of 
Calycogoniumy  Cliden^iay  Conostegia^  Heterotrichum^  Leandta  and  Tetrazygia; 
ligulate  and  bi-  to  multicellular  in  species  of  Clidemia,  Leandta,  Miconia 
and  Ossaea ;  disc-shaped  and  multicellular  in  species  of  Conostegia  ;  renif orm 
to  spathulate  and  multicellular  in  species  of  Miconia  (in  certain  species, 
especially  M.  quadrangidans,  Naud.,  the  stalk  bears  hairy  appendages  exhibit- 
ing denckoid  branching) ;  lastly,  cordate  and  multicellular  in  species  of  Leandta, 
Other  noteworthy  forms  are  constituted  by  external  glands  with  a  multi- 
cellular head  resembling  a  blackberry  in  shape  (species  of  Miconia  and  Tetta- 
zygia)  and  glands  in  which  foiu"  or  more  multicellular  heads  are  borne  on 
a  common  stalk  {Calycogonium  squamulosum,  Cogn.  with  four  heads,  which 
are  fused  to  form  a  rosette ;  HentietteUa  Macfadyeniiy  Tr.  with  2-5  heads, 
which  are  disc-shaped  and  include  gelatinized  cdls  in  the  glands  situated 
above  the  veins ;  species  of  Chatianthus  with  a  varied  number  of  heads  corre- 
sponding to  the  number  of  rows  of  cells  in  the  stalk ;  Miconia  annulata,  Tr. 
with  several  reniform  or  spathulate  heads).  It  remains  to  mention  that  the 
two  basal  cells  of  the  stalk  in  the  glandular  hairs  of  certain  species  of  Miconia 
are  transversely  septate  by  means  of  a  large  number  of  walls.  To  return 
to  the  combined  dothing  and  glandular  hairs  found  in  the  Miconieae  we 
may  in  the  first  place  point  out  that  the  external  glands  are  very  commonly 
combined  with  stellate,  tufted,  candelabra,  and  peltate  hairs.  Smooth 
glandular  shaggy  hairs  with  a  terminal  external  gland  occur  in  species  of 
Clidemia,  HentieUea,  Heterottichum,  Majeta,  Miconia,  Myrmidone,  Ossaea  and 
Tococa  \  the  gland  is  either  imiseriate  and  filiform,  or  biseriate  and  club- 
shaped,  or  large  and  spherical  to  ellipsoidal  and  provided  with  a  palisade 
epidermis.  In  species  of  Majeta,  Myrmidone  and  Tococa  the  stalk  of  these 
glands  contains  a  vascular  bundle,  while  in  Hetetottichum  Eggetsii,  Cogn. 
and  Miconia  thytidophylla,  Naud.  it  includes  pitted  fibrous  cells.  Finafly, 
shaggy  hairs  of  the  candelabra  type  provided  with  a  terminal  gland  are  found 
in  species  of  Hentiettea  and  HentietteUa. 

For  the  structure  of  the  ant-domatia  of  Majeta,  Mytmidone  and  Tococa,  see 
GottschaU,  loc  dt,  pp.  27,  28. 

3.  Structure  of  the  Axis.    Formation  of  phelloid-cork  takes  place  also 
in  the  Mclastomaceae  (F.  E.  Weiss  and  Giinther,  11.  cc).    According  to  Van 
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Tieghem,  interxylary  phloem  is  found  also  in  the  wood  of  the  root  in  Memecylan 
ramiflorum. 

Literature :  Went,  Haft-  u.  Nahrworzeln,  Ann.  Jardin  Bnitenzorg,  xii,  1895,  p.  57.— Jonssoo, 
Anat  Bau  d.  Bl.,  Acta  Univ.  Land.,  zzzii,  2,  1896.— Pal^cnx,  Anat.-mt.  Untersnch.  d.  Bl.  der 
Melastom.  mit  Aundilnss  der  Triben  der  Microlideen,  Tibonchineen  and  Miconieen,  BnlL  Herbier 
Boisder,  vii,  1899,  App.  t  ;  Diat.,  Manich,  85  pp.,  3  Tab.— Gottschall,  Anat-syst.  Untenach.d.  Bl. 
d.  Melajtom.  aos  der  Tribat  der  Miconieae,  M^m.  Herbier  Boiasier,  1900,  n.  19;  Diss.,  Manich, 


»75  PP-»  3  Tab.— Pitard,  P^cydc,  Thiae,  Bordeaax,  1901,  p.  68.— Fabridus,  Laubblatt-Anat 

Beth.  z.  bot.  Centralbl.,  xii,  190a,  pp.  328-39. — Giinther,  Anat  d.  Mjrtifloren,  Dias.,  Breslan,  190 

26-2 J. — Holtermann,  Einflass  des  Klimas  etc.,  1907,  pp.  134-135  {ICeHdrickia,  MuKniliay 


f^i 


LYTHRARIEAE  (pp.  369-373). 


1.  The  Review  of  the  Anatomical  Features  requires  the  following 
additions.  The  cork  is  for  the  most  part  differentiated  as  phelloid-cork.  There 
is  no  uniform  and  characteristic  tyi^  of  stoma  in  the  Lytnrarieae.  Gelatinized 
cells  are  occasionally  found  also  in  the  tissue  accompanying  the  veins.  Oxalate 
of  Ume  is  excreted  also  in  the  form  of  sphaerites  or  of  small  acicular  or  other- 
wise shaped  crystalline  bodies.  As  regards  the  hairy  covering  we  may  point 
out  that  small  external  glands  do  not  occur  in  this  Order^  that  short,  uni-  or 
bicellular  papillose  hairs  are  common,  and  that  sUghtly  branched  multicellular 
clothing  hairs  are  present  in  Decodon ;  the  tufted  hairs  found  in  Lagersiroemia 
are  accompanied  by  trichomes  exhibiting  sympodial  branching  or  resembling 
a  fir-tree.  To  the  previous  enmneration  of  special  features  given  at  the  end 
of  the  general  review  the  following  may  be  added : — ^the  occurrence  of  division- 
waUs  in  the  epidermis  of  the  leaf ;  presence  of  hypoderm  in  the  leaf  (also  in 
species  of  Ginoria  and  Lagcrsiroemia) ;  formation  of  papillae  on  the  epidermis 
of  the  leaf  (also  in  species  of  Diplusodon  and  Lagerstroemia) ;  crystal-idioblasts 
with  clustered  or  solitary  crystals  in  the  mesophyll ;  groups  of  cells  containing 
clustered  crystals  in  the  mesophyll  (Pemphis) ;  occurrence  of  ordinary  solitary 
crystals  (Lagerstroemia  lanceolata,  Wall.),  and  of  sphaerocrystalline  or  tufted 
masses  of  an  imknown  substance  (species  of  Decodon^  Dtplusodon,  Heimia, 
Lagerstroemia^  Lythrum)  in  the  epidermis  of  the  leaf. 

2.  Structure  of  the  Leaf.  Eberlein's  recent  investigations,  on  wmch 
the  following  description  is  based,  deal  with  the  genera  Lythrum^  Woodfordia^ 
PUurophora,  Galpinia,  Pemphis,  Diplusodon,  Physocalymna,  Lafoensia,  Crenea, 
Nesaea,  Heimia,  Decodon,  Grislea,  Adenaria,  Ginoria,  Lagerstroemia,  and 
Lawsonia. 

The  statement  made  in  the  earlier  portion  of  this  work  that  there  is  no 
special  type  of  stoma  requires  modification  in  the  sense  that  stomata  of  a  special 
type  are  not  of  general  occurrence.  In  Lythrum  nummulariifolium,  Lois., 
however,  the  pairs  of  guard-cells  are  accompanied  by  three  neighbouring 
cells,  which  are  all  of  different  sizes ;  in  Pleurophora  and  Heimia  myrtifolia, 
Cham,  et  Schlecht.,  they  are  surroimded  by  three  ordinary  neighbouring  cells  ; 
in  Crenea  there  are  commonly  four  neighbouring  cells,  and  so  on ;  in  Lafoensia 
punicifolia,  DC.  and  Lagerstroemia  speciosa,  Pers.,  the  neighbouring  cells  are 
narrow,  while  in  Sonneratia,  according  to  Areschoug,  they  appear  arranged 
in  a  rosette.  The  stomata  are  either  absent  on  the  upper  side  of  the  leaf  or 
are  present  in  varying  numbers  ;  they  either  he  on  a  level  with  the  epidermis 
or  are  slightly  raised  above  it,  or  are  depressed ;  occasionally  pairs  of  guard- 
cells  of  two  sizes  are  found  on  one  and  the  same  surface  of  tne  leaf  j  in  some 
cases  (species  of  Diplusodon,  Heimia,  Lythrum,  Nesaea,  Pleurophora)  the 
stomata  are  placed  with  their  pores  directed  approximately  parallel  to  the 
principal  vein.    The  degree  of  thickening  presented  by  the  out^  wall  of  the 
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epidennis  and  the  varied  nature  of  the  cuticle,  which  is  occasionally  granular 
CM"  striated,  furnish  characters  for  specific  diagnosis ;  a  noteworthy  feature 
lies  in  the  occurrence  of  what  is  called  '  an  internal  granulation '  in  species 
of  Dipiusodon.  Eberlein  demonstrated  gelatini^ation  of  the  epidermis  of  the 
leaf  in  certain  species  of  all  the  genera  investigated  by  him  with  the  exception 
of  Grislea  and  Woodfordia,  In  certain  species  of  Ginaria,  LagerstroetMia  and 
Pemphis  the  upper  epidermal  cells  undergo  local  divisions  by  means  of  hori- 
zontal walls.  H}rpoaerm  is  developed  on  the  upper  side  of  the  leaf  also  in 
Ginoria  Rohrii,  Kdhne  (one-layered)  and  Lagersiroemia  lanceoUUa,  Wall. 
(i-2-layered).  Typical  papillae  are  found  on  the  lower  surface  of  the  leaf  also 
in  Dipiusodon  eptlobioides,  DC.  (papillae  here  short  and  pectinate,  and  serving 
as  centres  for  the  cuticular  striation),  as  well  as  in  Lagersiroemia  hypoleuca, 
Kurz,  L.  lanceolata^  Wall,  and  L.  parviflora,  Roxb.  Tlie  mesophyll  varies 
from  bifacial  to  centric  in  structure.  Sclerenchjnna  may  or  may  not  be  present 
in  the  veins.  In  species  of  Decodon^  Grislea,  Lagerstroemia  and  Physocalymna, 
even  the  smaller  veins  are  vertically  transcurrent.  In  the  larger  veins  the 
lower  ^oup  of  soft  bast  in  the  bicoUateral  vascular  system  occasionally  exhibits 
reduction,  so  that  only  that  situated  on  the  upper  side  (the  inner  bast)  is 
strongly  developed.  Another  strikii)^  feature  oteerved  in  certain  species  is 
the  occurrence  of  numerous  mechanical  elements  or  of  spiral  tracheae  with 
wide  lumina  in  the  wood  of  the  larger  veins.  Storage  and  terminal  tracheids 
in  the  form  of  enlarged  pitted  cells  are  found  in  species  of  Crenea,  Dipiusodon, 
and  Lawsonia.  Gelatinized  cells  occur  also  in  the  tissues  acccHupanyiiu;  the 
veins  in  species  of  Dipiusodon,  Lagersiroemia  (here  also  in  the  hypoderm) 
and  Nesaea, 

Oxalate  of  lime,  as  already  previously  stated,  is  generally  deposited  in 
the  form  of  clustered  crystals.  The  latter  vary  both  in  size  and  structure ; 
they  are  either  star-shaped  or  built  up  of  small  and  delicate  needles ;  in  other 
cases  again  they  are  more  of  the  nature  of  sphaerites  or  consist  of  granular 
conglomerates  of  individual  crystals.  In  addition  to  these  torms  we  have 
typical  sphaerites  (especially  in  Pleurophora,  also  in  Grislea  and  Woodfordia), 
ordinary  solitary  crystals  of  the  rhombohedral  type,  or  presenting  some  other 
shape,  and  small  crystalline  bodies  assuming  the  shape  of  rods,  needles  or 
granules  ;  the  latter  are  found  both  in  the  mesophyll  and  in  the  int^umental 
tissue  (in  species  of  Adenaria,  Decodon,  Dipiusodon,  Heimia,  Lafoensia,  Law- 
sonia, Lythrum,  Nesaea,  Physocalymna,  Pleurophora,  Woodfordia).  Other 
features  requiring  special  mention  are :  the  occurrence  of  small  groups  of 
cells  filled  with  small  clustered  crystals  in  the  mesophyll,  which  is  specially 
characteristic  of  Pemphis  (P.  acidula,  Forst.) ;  the  occurrence  in  the  mesophyU 
of  large  idioblasts,  containing  clustered  (species  of  Dipiusodon,  Galpinia  and 
Nesaea)  or  large  soUtary  crystals  (iMfoensia  nummulariifolia,  St.  Hil.,  and 
certain  species  of  Lagersiroemia),  these  idioblasts  in  some  cases  giving  rise  to 
transparent  dots  in  the  leaf  (in  Lagersiroemia,  K6hne's  'folia  glanduloso- 
pimctata ') ;  lastiy,  the  presence  of  relatively  large  solitary  crystals  in  the 
epidermis  in  Lagersiroemia  lanceolata.  Wall.,  these  crystals  being  enveloped 
by  a  cell-membrane  in  the  same  way  as  in  Rosanoff's  crystals.  Qefore  leaving 
the  discussion  of  the  modes  of  excretion  of  oxalate  of  lime,  we  may  refer  to  the 
sphaerocrystalline,  tufted  or  variously  shaped  masses  of  an  unknown  substance, 
which  Eberlein  observed  in  the  integumental  tissue  in  certain  species  of 
Decodon,  Dipiusodon,  Heimia,  Lagersiroemia  and  Lyikrum  (in  Lyihrum  both  in 
the  dried  and  in  the  living  leaf). 

Among  the  types  of  clothing  hairs  found  in  the  genera  recentiy  investi- 
gated, simple  unicellular  or  uniseriate  forms  are  a^ain  the  most  important. 
Short  unicellular  papillose  hairs,  which  are  occasionally  divided  into  two 
Cells  by  a  transverse  wall,  are  very  common  (species  of  Adenaria,  Decodon, 

soLsuon  3  ^ 
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DiptusodonyGrislea^  Ginoria^  LagerstroemiayLythrum^Nesaea^PUuropharafPhyso^ 
calymnaj  Woodfordia).  The  longer  hairs  occurring  in  this  Order  are  either 
unicellular  or  uniseriate ;  the  latter  may  have  thin  or  thick  division-walls,  and 
their  component  cells  are  occasionally  articulated  with  reference  to  one  another. 
The  surface  of  the  clothing  hairs  is  not  uncommonly  granular  or  verrucose. 
The  appearance  of  relatively  thin  transverse  and  longitudinal  walls  in  the 
lower  portion  of  the  body  of  the  hair  in  Lagcrstroemia  indica,  L.,  leads  to  the 
production  of  shaggy  hairs.  The  species  of  Lagerstroemia  belonging  to  the 
section  Trickopodium  have  branched  hairs.  In  L.  EngUriana,  Kdhne,  these 
hairs  are  of  sympodial  structure ;  their  main  stem  is  uniseriate  and  consists 
of  a  varying  number  of  cells,  which,  with  the  exception  of  those  at  the  base, 
are  drawn  out  into  raj^  emanating  in  various  directions  and  more  or  less  bent ; 
in  this  way  forked  or  antler-shaped  hairs  are  produced.  Among  these  trichomes 
we  may  mclude  certain  hairs  found  in  other  species  of  Lagersttoemia ;  the 
latter  are  either  tufted  or  abietiform  and  consist  of  a  uniseriate  stalk  and 
a  varying  nmnber  of  tiers  of  cells,  which  are  drawn  out  into  rays.  Little 
branched  multicellular  clothing  hairs,  which  are  either  forked  or  antler-shaped, 
are  found  side  by  side  with  unbranched  trichomes  in  Decodon  verticiUatus^  £11. 
In  some  cases  (uiplusodon^  Physocalymna)  the  surrounding  cells  are  prolonged 
on  to  the  clothing  hairs  after  the  manner  of  subsidiary  cells.  The  leaves  of  the 
species  of  Grislea  bear  black  glandular  dots  which  had  not  previously  been 
subjected  to  a  close  examination ;  according  to  Eberlein,  they  are  due  to 
shortly  stalked  external  glands  which  have  a  one-layered  wall  and  a  large 
intercellular  secretory  space  in  their  interior,  and  are  thus  quite  similar  to 
the  f lands  found  in  the  genera  Adenaria  and  Woodfordia\  Small  external 
glands  are  completely  wanting  in  this  Order.  Areschoug  mentions  the  occur- 
rence of  cork-warts  on  the  leaves  in  Sonneratia  caseolaris,  Engl,  and  S.  Itinceo-^ 
lata^  Miq. 

3.  Structure  of  the  Axis.  Gunther  has  recently  examined  the  structure 
of  the  axis,  more  especially  with  reference  to  the  development  of  the  cork,  in 
the  following  genera :  Kotala^  Ammanniay  Peplis^  Adenaria,  Woodfordia, 
Cuphea,  Lythrum,  Pleurophora,  Nesaea,  Heimia,  Decodon,  Crcnea,  Ginoria, 
Pemphis,  Diplusodon,  Lafoensia,  Physocalymna,  Lawsonia  and  Lagerstroemia. 
The  vascular  bundles  are  invariably  bicoUateral,  and  the  perforations  of  the 
vessels  are  always  simple.  The  groups  of  pericycUc  fibres  are  occasionally 
united  to  form  a  ring  (species  of  Ammannia,  Diplusodon,  Lafoensia),  In 
Lafoensia  Vandelliana,  Cham,  et  Schlecht.  the  transverse  section  shows  several 
mechanical  rings  composed  of  bast-fibres  intermingled  with  stone-cells.  Jn 
Lagerstroemia  and  Diplusodon  the  cells  of  the  pith  are  strongly  sclerosed,  while 
in  Adenaria  floribunda,  H.  B.  K.  there  are  isolated  stone-cells  in  the  pith* 
According  to  Giinther,  the  concentric  arrangement  of  the  crystal-cells  (contain- 
ing solitary  or  clustered  crystals)  in  the  bast,  as  seen  in  a  transverse  section  of 
the  branch,  is  a  featiure  deserving  special  notice. 

To  the  previous  accoimt  (on  p.  372)  of  the  cork  we  may  add  the  following 
details.  The  cork  develops  in  *  deep  layers '  (probably  in  most  cases  in  the 
pericycle),  also  in  Crenea,  Cuphea,  Diplusodon,  Ginoria  and  Heimia.  The 
cells  of  the  cork  are  for  the  most  part  tabular,  but  in  some  cases  they  are 
cubical ;  they  are  very  small  in  species  of  Ammannia,  Crenea^  Nesaea  and 
Peplis.  Giinther  distinguishes  the  following  four  types  of  dififerentiation  of 
the  cork.  Crenea  surinamensis,  Kohne  and  Peplis  Portula,  L.  have  a  single 
layer  of  cork,  which  may  be  regarded  as  an  endodermis,  while  on  its  outer 
side  there  is  a  massive  primary  aerenchjona.     Decodon  vertidUatus,  EU.  has 


^  The  came  of  the  *  folia  ntxaqne  pagina  nigTO-pnnctulata  *  found  in  Pemphis  madagascariensis, 
Kohne  still  remains  to  be  detennined. 
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a  normal  many-layered  periderm,  on  the  outer  side  of  which  primary  aeren* 
chyma  is  again  strongly  developed.  Tj^ical  cork  consisting  of  a  still  larger 
number  of  layers  is  found  in  Pemphis  acidula,  Forst.  and  Pleurophora  pungens, 
Don.  In  the  remaining  members  of  the  Order,  investigated  by  Giinther,  the 
cork  contains  phelloid-cells  (see  also  J.  E.  Weiss,  loc,  cit.).  The  cells  given  off 
by  the  phellogen  on  its  outer  side  imdergo  subsequent  division  by  means  of 
tangential  walls  so  that  each  gives  rise  to  three  cells  ;  of  these  only  the  middle 
one  develops  into  a  typical  cork-cell,  while  the  outer  and  inner  cells  retain 
their  cellulose-walls  {Lythrum)  or  become  lignified  (Cuphea,  Heimia)  or  sclerosed 
(in  the  remaining  genera).  In  the  fourth  type  small  intercellular  spaces  are 
generally  present  between  the  cells  of  the  periderm. 

Tj^ical  (secondary)  aerenchsmia  is  developed  also  in  the  floating  stems  of 
Nesaea  verticillata  (Sclirenk). 

4.  Structure  of  the  Root.  The  interxylaiy  phloem  in  the  wood  of  the  root 
of  Lythrum  Salicaria  is  not  given  off  by  the  cambium  on  its  inner  side,  but  arises 
by  a  process  of  secondary  differentiation  in  the  wood-parench)ana. — For  "tiie 
structure  of  the  respiratory  roots  of  Sonneratia,  see  also  Westermaier,  loc.  dt. 
Among  the  results  of  his  investigations  we  need  only  mention  that  there  are  no 
spicular  cells  in  those  parts  of  the  roots  which  are  embedded  in  the  mud  at  the 
bottom  of  the  water,  their  place  being  taken  by  special  elongated  cells  having; 
thick  walls  and  acting  like  springs. 

Literature :  Hohnel,  Gerbeiinden,  Berlin,  1880,  p.  137  et  sea. — Costantin,  Tiget  d.  pi.  aqnat,  Ann. 
«c.  nat.,  s^r.  6,  t.  xix,  1884,  p.  287  et  sea.  and  pL  xiv. — [Schrei^,  Float,  tissue  ot  Nesaea,  Boll* 
Toney  Bot  Clab,  xri,  1889,  PP*  S^S'^S  <^<^  P^*  3ccv-vii ;  abstr.  in  Bot.  CentralbL,  1890,  iii,  p.  laa] — 
J.  £.  Weiss,  Korkbild.,  Doucschr.  bot  Gesellsch.  Regensbnig,  vi,  1890,  P*  6  et  seq.— Leisering, 
Interxylares  Leptom,  Diss.,  Berlin,  1890,  p.  30. — Kearny,  in  Contrib.  U.  S.  Nat.  Herb.,  v,  n.  5, 
1900,  p.  303  {Ammannia), — Westermaier,  Pneumatophoren,  Freiburg  i.  d.  Schw.,  1900,  53  pp., 
3  Tab. — Ar^chong,  Mangrovq)fl.,  Bibl.  bot..  Heft  56,  190a,  pp.  67-9  and  Tab.  xi-xiii  iSonncratia, 
/Vm^Af^).*— Bargagli-Petrucci,l.egnami,  Malpighia,  190a,  p.  355  {Sonneraita). — Kohne,  Lythraceae, 
in  Pflanzenreich,  Heft  17,  1903,  pp.  4,  5. — Eberlein,  Beitr.  z.  anat.  Charakt.  d.  Lythrar.,  Diss., 
Erlangen,  1904,  78  pp. — Areschoug,  Trop.  vast,  bladbyggn.,  Sv.  Vet.  Akad.  Handl.,39,  n.  a.  1905, 
pp.  119,  lao  and  Tab.  iii  and  xxii  {Lawsonid)^  pp.  133-3  ^^^  '^^^  iiif  i^  {Lafoensia), — Giintner, 
Ajut.  d.  Myrtifloren  mit  bes.  Benicks.  d.  Lythrar.,  Diss.,  Breslan,  1905,  39  pp.,  esp.  pp.  5-ao. — 
Picdoli,  Legnami,  Bull.  Siena,  1906,  p.  147. — Holtermann,  Einfluss  de&  Klimas,  etc.,  1907,  p.  9a 
{Pemphis), — [For  further  literature,  see  p.  11 70]. 

ONAGRARIEAE  (pp.  373-376). 

In  the  summary  of  the  anatomical  features  of  the  Qnagrarieae  given  at 
the  beginning  (p.  373)  of  the  former  description  the  statement  as  to  the  absence 
of  external  glands  must  be  cancelled.  The  simple  perforations  of  the  vessels 
are  accompanied  by  a  small  niunber  of  scalariform  perforations  in  certain 
members  of  the  Order.  The  cork  of  Trapa,  unlike  that  of  the  other  Onagra- 
rieae,  develops  beneath  the  epidermis. 

An  account  of  the  structure  of  the  leaf,  stem,  and  root  in  this  Order  has 
been  published  also  by  Grosse,  whose  work  was  not  taken  into  consideration 
in  the  previous  description.  The  following  details  are  taken  from  his  paper 
as  well  as  from  the  other  new  literature.  The  closure  of  the  stomata  in 
Trapa,  as  in  other  floating  plants,  takes  place  solely  by  means  of  the  cuticular 
ridges  on  the  guard-cells  (Haberlandt).  Raphides  are  found  also  in  Euchari- 
dium.  It  remains  doubtful  whether  the  small  prismatic  sohtary  crystals^ 
observed  by  Netolitzky  in  the  apex  of  the  leaf  of  tsnardia  (Ludwigia)  palustrisy 
L.,  are  of  constant  occurrence.  In  glycerine-preparations  of  the  leaves  of 
Oenothera  biennis^  L.,  Netolitzky  met  with  yellowish  crystalline  deposits  of  an 
imknown  substance.  Side  by  side  with  the  raphide-sacs  one  occasionally 
(e.g.  in  Epilobium  hypericifolium^  Tausch)  finds  mucilage-sacs  containing  no 
raphides  or  occupied  only  by  a  small  nmnber  of  short  needles.    The  unicellular 
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clothing  hairs  commonly  have  a  granular  or  verrucose  surface.  The  short 
club-shaped  unicellular  hairs  of  Oenothera  Romanzowii^  Ledeb.  and  Clarkia 
pulchdldy  Pursh,  &c.,  as  well  as  the  rather  longer  unicellular  trichomes  of 
Oenothera  biennis^  L.,  in  which  the  apex  is  slightly  swoUen,  have  thin  walls, 
are  filled  with  granular  contents  in  the  Uving  pkmt  and  probably  have  a  glandu- 
lar function  ;  short  club-shaped  trichomes  are  recorded  by  Netolitzky  also  in 
Circaea^  while  long  ones  are  stated  to  occur  in  E'bUobium  (see  also  Theorin, 
loc.  cit.).  Structures  resembling  stipules  are  founa  at  the  base  of  the  petiole 
in  Ludwi^ia  palustrisy  Ell.,  and  in  the  species  of  Jussiaea  (Meehan),  but  they 
still  reqmre  careful  investigation.  In  Jussiaea  these  structures  are  somewhat 
flattened  and  ovate  and  have  a  green  colour  ;  they  do  not  contain  any  vascular 
bundles,  although  there  are  numerous  raphide-sacs,  and  they  dry  up  at  an 
early  stage.  The  *  secretoiy  receptacles '  described  by  Grosse  as  occurring 
in  the  axis  of  Trapa  are  probably  in  reaUty  a  local  pathological  formation  of 
cork.  According  to  Grosse,  carotin-crystals  are  present  in  the  tissue  of  the 
leaf  in  species  of  Jussiaea^  Godetia  and  Fuchsia,  oclerenchyma  is  developed  in 
the  veins  of  the  leaf  in  certain  species  of  Fuchsia,  but  is  otherwise  absent. 

Grosse  also  examined  the  structure  of  the  wood  in  the  herbaceous 
genera,  and  found  that  as  a  general  rule  they  show  featm'es  id^itical 
with  those  which  I  demonstrated  in  the  woody  members  of  the  Order,  viz. 
narrow  medullary  rays,  vessels  with  simple  perforations,  and  wood-fibres 
bearing  simple  pits.  Grosse,  however,  mentions  the  occurrence  of  a  relatively 
small  number  of  scalariform  perforations  in  the  vessels,  in  species  of  Oenothera 
and  Godetia, 

In  many  members  of  the  Order  the  tissue  of  the  ccMrk  includes  both 
suberized  and  unsuberized  (phelloid)  cells,  and  in  some  cases  (species  of  Fuchsia) 
there  is  a  regular  alternation  of  layers  of  cork-cells  and  pheUoid-cells* 
These  phenomena  already  give  indication  of  the  tendency  to  develop  acren- 
chyma,  a  tissue  which  H.  Schenck  has  observed  abo  in  Epilobium  hirsutum,  L. 
According  to  H.  Schenck  the  aerenchyma  in  the  aerotropic  roots  of  Jussiaea 
is  developed  from  the  primary  cortex,  while  according  to  Grosse  it  is  subse- 
quently increased  by  the  development  of  an  aerenchyma  from  the  phello^en. 

Interxylary  phloem  has  recently  been  observed  by  J.  E.  Weiss  m  the 
stolons  of  Epilobium  angustifolium,  L.,  and  in  the  root  of  E.  hirsutum,  L., 
and  by  Grosse  in  the  root,  in  Epilobium  palustre,  L.,  further  species  of  Oendhera 
and  species  of  Gaura  and  Lopezia,  According  to  Leisering,  Chodat,  and  Fre- 
mont, the  interxylary  phloem  no  doubt  invariably  arises  from  the  wood- 
parenchyma  by  a  process  of  secondary  differentiation  (though  in  some  cases  it 
appears  very  soon  after  the  development  of  the  parenchyma  from  the  cambium), 
and  is  not  given  off  directly  by  the  cambium  on  its  inner  side,  as  was  formerly 
supposed. 

The  vascular  bundles  in  the  delicate  lateral  roots  of  Trapa  show  a  very 
remarkable  structure  (Queva).  The  radial  vascular  system  exhibits  unipolar  dif- 
ferentiation, i.  e.  it  comprises  only  a  single  gfoup  of  xylem  and  a  single  group  of 
phloem — a  t3rpe  of  structure  which  is  umque  among  the  Phanerogams.  Both  the 
wood-  and  bast-portions  are  very  much  reduced,  the  former  consisting  of  a  single 
trachea,  the  latter  of  3-10  soft-bast  elements. 

Literature :  Costantin,  Tiges  a^r.  et  sout.,  Aon.  sc.  nat.,  9^.  6,  t.  xvi,  1883,  f>*  68  et  seq.^ 
[Meehan,  Pet.  glands  in  some  Onagrar.,  Proceed.  Acad.  Nat  Sc.  Philadelphia,  1886,  pp.  349-$^  * 
abstr.  in  Jost,  1886,  ii,  p.  705.]— Haberlandt,  Spaltdfin.  d.  WaKerpfl.,  Flora,  1887,  p.  103.*- 
lAmotinette,  liber  interne,  Ann.  sc.  nat.,  s^r.  7,  t  xi,  1890,  pp.  261,  a6a.— J.  E.  Weiss,  Korkbild., 
Denkschr.  bot.  Gesellsch.  Regensbnrg,  vi,  1890,  p.  ii  et  sea. — Grosse,  Beitr.  z.  TeigL  Anat  d. 
Onagrar.,  Diss.,  Erlangen,  1895,  67  pp.---[Parmentier,  in  M^m.  Soc  d'^nlation  Donbs,  1896, 
£.  337;  and  in  Le  Monde,  1896,  p.  29,  and  1897,  P*  178.]— Ramaley,  Stem-anatomir  of  certain 
Unagrar.,  Bot.  Gazette,  xxii,  1896,  p.  229.— Schnbert,  ParenchTmscheiden,  Bot  CentralbL,  1897,  It, 
p.  17,— WoUenweber,  Anat.  d.  Schwimmbl.,  Diss.,  Fretbnig  L  Br.,  1897,  pp.  ao-i. — Spanjer, 
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WasBerapparate,  Bot.  Zdt,  1898,  i,  p.  45. — Leisering,  Interxylares  Leptom,  Diss.,  Berlin,  1899, 
pp.  30-50.-~Minden,  Wassenez.  Org.,  Bibl.  bot.,  Heft  46,  1809,  p.  44. — Kearny,  in  Contribut. 
If.  S.  mt.  Herb.,  v,  n.  5,  1000,  p.  297. — [Gnffroy,  Papilles  diez  fes  £pilobes,  Boll,  internal.  G^ogr. 
Bot.,  1901,  p.  9.] — [L^veili^,  Monogr.  da  genre  Oencthira  avec  la  collab.  pour  la  partie  anat.  de 
Geofiroy,  Le  Mans,  Fasc  i,  1903,  138  pp.,  and  Fasc.  a,  1905.]— Queva,  Radioelles  de  la  MAcre, 
Comptes  rendns,  Paris,  cxzxvi,  1905,  i.  Sem.,  pp.  836,  827 ;  see  also  BoLL  Soc.  dliist.  nat  Autnn, 
xri,  1903. — Theorin,  Vaxttrichom.,  ArkiT  for  Bot.,  i,  1903,  p.  160;  iii,  n.  5,  1904,  p.  11 ;  and  iv, 
n.  18, 1905,  pp.  19-ao.— Col,  Faisceaoz,  Ann.  sc  nat.,  Ux,  8,  t.  xx,  1904,  pp.  184-7  ^^^  aoo-io. — 
Freidenfeldt,  Anat.  Baud.  Wnrzel,  Bibl.  bot.  Heft  61  •  1904,  pp.  64-6. — [Gerschon-Seliber,yii;fjMi^tf 
repetu,  Diss.,  Halle,  1905,  54  pp. ;  also  in  Nova  Acta  Acad.  Leop.,  Ixxxiv ;  abstr.  in  Bot  Centralbl., 
cii,  p.  244.}--Giintber,  Anat  der  Myrtifloren,  Diss.,  Breslan,  1905,  p.  37. — Netolitzky,  Dikotyle- 
donenbL  (Rnaphiden),  1905,  pp.  39-53.— [For  additional  literature,  see  p.  1171]. 

SAMYDACEAE  (pp.  376-378). 

1.  Review  of  the  Anatomical  Features.  The  stomata  either  have 
subsidiary  cells,  arranged  according  to  the  Rubiaceous  or  Cruciferous  type, 
or  are  merely  surrounded  by  ordinary  neighbouring  cells.  Schizogenous 
secretory  cavities  are  found  also  in  Zuelania ;  on  the  other  hand,  the  earlier 
record  of  their  occurrence  in  Lunania  pro  parte  must  be  cancelled.  As  regards 
the  hairy  covering  we  may  add  that  simple  imiseriate  clothing  hairs  with 
thin  division-walls  are  of  occasional  occurrence,  while  imicellular  Malpighian 
hairs  are  found  also  in  Banara  guianensis^  Aubl.,  and  steUate  hairs  also  in 
B.  glauca^  Benth.  Additional  features  which  can  be  employed  in  specific 
diagnosis  are  as  foUow :  the  occurrence  of  a  gelatinized  epidermis  in  the  leaf 
(only  in  the  monotypic  genus  Gerrardina) ;  the  presence  of  hs^derm  on 
the  upper  side  of  the  leaf  (species  of  Abatia,  Banara^  Byrsanthus^  Casearia^ 
Euceraea,  Homalium,  and  Zuelania) ;  idioblasts  occupied  by  small  clustered 
or  solitary  crystals  in  the  epidermis  of  the  leaf  (besides  occurring  in  species  of 
Homaliufft  and  Samyda^  also  in  species  of  Bentbicia,  Casearia^  Lunania^  Ophio- 
botrys^  Osmelia,  Pyramidocarpus  and  Zudania) ;  the  occurrence  of  sclerenchy- 
matous  fibres  in  the  mesophyll  (species  of  Calantica^  Casearia,  Homalium^  and 
Zuelania) ;  and  lastly,  the  peculiar  silicified  structures  resembUng  cystoliths 
found  in  the  mesophyll  of  nomalium  donquaiense,  Pierre. 

2.  Structure  of  the  Leaf.  Brandlein's  recent  investigations,  which 
deal  with  the  genera  enumerated  below  ^  have  furnished  the  following  facts. 
The  epidermal  cells  have  straight  or  undulated  lateral  margins.  The  structure 
of  the  cuticle  may  frequently  be  compared  with  the  markings  on  an  etched  glass 
plate,  so  that  in  these  cases  we  may  describe  it  as  '  etched ' ;  but  striation 
and  granulation  also  occur.  The  outer  and  inner  walls  vary  in  thickness, 
the  latter  occasionally  presenting  a  swollen  appearance,  although  thgr  are 
gelatinized  only  in  Gerrardina  foliosa^  Oliv.  Marginal  pits  are  not  uncom- 
mon, and  the  same  statement  applies  to  the  occurrence  of  relatively  thin 
secondary  division-walls,  both  horizontal  and  vertical.  The  surface-view 
of  the  epidermis  is  particularly  striking  in  (a)  the  epidermis  of  the  leaf  of 
Banara  orasiliensis^  Benth.  (owing  to  the  penetration  of  the  thick  cuticle  into 
the  lateral  walls  in  the  form  of  strongly  developed  wedge-shaped  ridges), 
<6)  the  lower  epidermis  of  Banara  portoricensis,  Krug  et  Urb.  (here  the  stomata 
with  their  thm-walled  subsidiary  cells  appear  as  islands  in  the  remaining 
tissue,  which  has  thick  and  pitted  walls),  and  (c)  the  epidermis  of  Casearia 
densiflora,  Benth.  (the  lateral  walls  of  which  appear  thin  at  a  high  focus,  being 
provided  with  peciiliar  lobes,  which  are  cimeate  and  have  a  narrow  base  and  an 


*  These  genera  are :  Tribe  i :  Casearieae :  Casearia^  Zuelania^  Osmelia^  Euctraea,  Lunania^ 
Tetrathylacium,  OphiobotrySy  Sanwda ;  Tribe  2  :  Banareae :  Batutray  Pyramidocarpus ;  Tribe  3 : 
Abatieae:  Ahatia^  Aphaerema\  Tribe  4:  Homalieae:  Caktntica  (incl.  Bhn'ma),  Gerrardina, 
Dissonuria,  Nomalium^  Byrsan/Aus,  Bentbieia, 
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emarginate  apex ;  at  a  low  focus,  on  the  other  hand,  they  appear  straight, 
and  are  rather  thick  and  pitted).  The  occurrence  of  hypoderm  has  abready 
been  mentioned  above ;  an  enumeration  of  the  species  in  which  it  is  found 
is  given  below*.  The  hypoderm  for  the  most  part  consists  of  a  single  layer  of 
cells,  although  it  is  composed  of  three  or  four  layers  in  Honudium  tomentosum ; 
it  is  confined  to  the  upper  side  of  the  leaf.  In  Euceraea  niiida  the  cells  of  the 
hypoderm,  as  well  as  the  majority  of  the  cells  of  the  spongy  tissue,  are  provided 
with  hippocrepiform  thickenings  on  the  side  facing  the  middle  of  the  trans- 
verse section  of  the  leaf.  In  some  species  of  Casearia  and  Lunania  small 
numbers  of  stomata  occur  on  the  upper  side  of  the  leaf.  The  Cruciferous 
tvpe  is  distinctly  differentiated  in  Osmdia^  and  the  Rubiaceous  type  in  AhaHa 
(here  occasionally  ill-defined),  Banara^  Bembicia,  Byrsanihus^  CalanHca^ 
Casearia^  Dissomeria^  Euceraea^  Homalium^  Samyda  and  Zudania,  The 
structure  of  the  leaf  varies  from  bifacial  to  centric.  The  palisade-tissue  con- 
sists of  one  or  more  layers.  In  Abatia  there  is  invariably  a  single  layer  of 
palisade-tissue,  which  exceeds  the  spongy  tissue  in  thickness.  An  indication 
of  arm-palisade-tissue  has  been  observed  in  the  third  palisade  layer  of  Casearia 
argiday  H.  B.  K.,  while  the  cell-walls  in  the  lowest  palisade  layers  of  the  centric 
mesophyll  of  C.  corymbosa^  H.  B.  K.  show  pecuhar  sinuations  appearing  as 
ridges  and  giving  rise  to  '  pseudo-pits.'  In  nomalium  racemosum^  Jacq.  the 
lowest  layer  of  the  mesopnyll  presents  a  palisade-Uke  differentiation  and  is 
developed  in  the  form  of  conjugate  parench}m[ia  composed  of  short  cells.  The 
intercellular  spaces  of  the  spongy  tissue  vary  in  size,  and  the  walls  of  the  cells 
are  thickened  to  a  varied  extent.  In  many  species  of  Lunania  the  upper  layers 
of  the  spongy  tissue  are  rather  strongly  thickened  and  filled  with  brown  con- 
tents, so  that  they  form  a  kind  of  middle  layer  in  the  leaf.  Peculiar  siUcified 
protuberances  resembling  cystoUths  occur  in  Honudium  donquaiense^  where 
they  are  found  especially  in  the  palisade-tissue  and  correspond  with  one  another 
in  neighbouring  cells.  Tlie  vascular  system  of  the  veins  is  m  most  cases  provided 
with  a  thick  ring  of  sclerenchyma  (the  chief  exceptions  being  Abatia  and 
A  pharemay  which  have  little  or  no  sclerenchyma) .  The  sclerenchyma  of  the  veins 
occasionally  exhibits  well-marked  stratification  of  the  wall  (species  of  Casearia 
and  Hofnalium)  or  consists  of  an  outer  envelope  and  a  detached  thickening  layer. 
In  the  species  enumerated  below  ^  the  sclerenchyma  of  the  veins  branches  off 
into  the  mesophyll  to  a  varying  extent.  These  spicular  fibres  also  occasionally 
show  well-marked  stratification ;  in  some  cases  they  penetrate  as  far  as  the 
epidermis  and  may  even  continue  their  course  beneath  the  latter.  Brandlein 
observed  vertical  transcurrence  of  the  smaller  veins  (lateral  veins  of  the  third 
order),  which  in  some  cases  are  provided  with  perfect  plates  of  sclerenchyma, 
in  species  of  Abatia^  Banara,  ByrsanthuSy  CalatUica,  Casearia^  Homalium  and 
Samyda, 

The  following  details  may  be  added  regarding  the  hairy  covering.  Uni- 
cellular clothing  nairs,  which  for  the  most  part  have  thick  walls  and  narrow 
lumina,  have  been  recorded  in  the  genera  Abatia^  Aphaerema,  Banara,  Bembida, 


^  The  species  are :  Abatia  tonuntosa^  Mart,  (locally) ;  Banara  guianensis,  Aubl.  (locally)  \ 
Byrsanthus  sp.  (Demeuse,  Congo) ;  Casearia  BuU,  Gili,  C,  comocladifolia.  Vent.,  C  corymbosa^ 
H.  B.  K.,  C.  glomerata^  Roxb.,  C.  graveolens^  Dalz.,  C.  tlicifolia.  Vent,  C  lucida^  Tul.,  C.  MeU- 
staurum,  Spreng.,  C  mollis^  K.  Sch.  var.  glabra^  K.  Sch.,  C  nitida,  Jacq.,  C,  rubescenSy  Dalz. 
(locally),  C.  tomentosa^  Roxb.,  C  Zenkeri^  Gilg ;  Euceraea  nitida,  Mart ;  Homalium  Barandae^ 
Vid.,  U,  breviptduncviatum^  Scott-£lL,  H,  Deplanchei^  Warb.,  H.  macropterum,  Gilg,  H,  (amen* 
tommy  Benth.,  H,  vitiense,  Benth.,  If.  Zenkerij  Gilg;  Zuelania  crenata,  Giiseb.,  taetioides, 
A.  Rich. 

*  Caldntica  cerasifoliay  Tnl. ;  Casearia  attenuaia,  Rnsby,  C.  longicuspidatay  Gilg,  C  Sellaanay 
EichL  (short  fibres),  C.  syhestrisy  Sw. ;  Homalium  brevipedunculatumy  Scott-£ll.,  H  micrantAum,. 
O.  Hoffm.,  H.  microphyttumy  O.  Hoffm.,  H.  paniculatumy  Benth.,  H.  Parkeriy  Bait  (short  fibres), 
H,  urceolatumy  Scott- Ell. ;  Zueiania  iaetioidesy  Rich,  (short  fibres). 
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CalafUica,  Casearia,  Euceraea,  Homalium,  Osmelia,  Samyda,  Tdrathylacium 
and  Zuelania,  while  uniseriate  hairs  which  are  septate  by  means  of  relatively 
thin  division-walls  occur  in  species  of  Casearia^  Samyda  and  Zudania.  The 
trichomes  of  Banara  guianensiSy  Aubl.  show  all  transitions  between  ordinary 
unicellular  hairs  and  Malpighian  hairs  with  equal  arms.  Diverse  types  of 
tufted  hairs  having  two  or  more  ray-cells  with  narrow  lumina  are  found  also 
in  Abatia  boliviana,  Britt.,  A.  parviflora^  Ruiz  et  Pav.»  Banara  glauca^  Benth.^ 
and  certain  Central  and  South  American  species  of  Casearia  belonging  to  the 
section  PUutnba.  In  the  two  species  of  Abatia  just  named  the  unicellular 
and  tufted  hairs  are  accompanied  by  other  types  of  tufted  hairs,  which  have 
a  longer,  multiseriate  shaegy  stalk ;  the  protrusion  of  a  certain  number  of  the 
superficial  ceUs  of  the  stalk  of  these  trichomes  into  rays  leads  to  the  production 
of  candelabra-hairs. 

There  is  no  oxalate  of  lime  in  the  leaf  in  Abatia^  Aphaerema^  Banara 
pyramidata^  Rusby  and  Casearia  aitentMta,  Rusby.  Small  crystal-idioblasts  are 
found  in  species  of  many  genera  ^ ;  they  occur  either  in  both  upper  and  lower 
epidermis  or  only  in  the  one  or  the  other  and  are  either  isolated  or  arranged 
in  rows  or  ^oups ;  in  most  cases  each  of  them  contains  a  clustered  crystal, 
rarely  a  sohtary  crystal  (the  presence  of  solitary  crystals  is  indicated  in  the 
list  below  by  the  aobreviation  cr.).  The  crystals  are  occasionally  enclosed  in 
an  envelope  of  cellulose  after  the  manner  of  Rosanoff's  crystals,  or  they  may 
be  suspended  from  beams  of  cellulose.  Other  noteworthy  features  are :  the 
occurrence  of  complete  layers  of  cells  containing  clustered  crystals  in  the 
mesophyll  (species  of  Casearia  and  Homalium) ;  the  occurrence  of  relatively 
large  idioblasts  with  clustered  crystals  (species  of  Casearia),  and  the  presence 
of  ceUs  exhibiting  one-sided  thickening  and  enclosing  solitary  crystals  ('  cris- 
tarque  '-cells),  in  association  with  the  sclerenchyma  in  the  veins  of  the  leaf 
(species  of  Casearia  and  Homalium). 

Secretory  cavities  have  been  demonstrated  in  Casearia  pro  parte,  Euceraea, 
Samyda  and  Zuelania.  Although  Bokorny  and  Warburg  record  secretory 
cavities  in  Lunania^  Brandlein  did  not  meet  with  these  or  any  other  types  of 
secretory  organs  in  any  of  the  seven  species  which  he  examined.  The  earlier 
statement  as  to  the  occurrence  of  secretory  cavities  in  Osmelia  (according  to 
Warburg)  also  requires  confirmation,  since  they  are  absent  in  Osmelia  Maingayi, 
King,  accordinc;  to  Brandlein.  According  to  Brandlein  (cf .  the  earlier  statements), 
all  the  species"  of  the  genus  Casearia  belonging  to  the  section  Piparea  (with  the 
exception  of  C.  eriophora,  Wr.),  as  well  as  C.  cuspidata^  Gilg  and  C.  rubescens, 
Dalz.  (which  belong  to  the  section  PUumba),  are  characterized  by  the  absence 
of  secretory  cavities.  Brandlein  states  that  the  secretory  cavities  invariably 
have  a  distinct  epitheUum.  Their  yellowish  and  strongly  refractive  contents 
are  soluble  in  alcohol,  so  that  they  are  of  the  nature  of  resin.  In  Casearia 
sylvestris,  Sw.  secretory  cells  occur  in  the  mesophyll  side  by  side  with  the 
secretory  cavities. 

^  yiz, :  BemHcia  axillaris ^  Oliv. ;  Casearia  bicolor,  Urb.,  C  BuU,  Gilg,  C  comocladifoUa,  Vent, 
C.  corymhosa,  H.  B.  K.,  C.  dentaia,  Eichl.  (cr.),  C.  escuUnta,  Roxb.,  C.  glonurata,  Roxb.,  C. 
gravioUns,  Dale,  C.  guianensis,  Rusby,  C.  Mrta,  Sw.,  C.  UicifoHa,  Vent,  C.  Lobbiana^  Turcz.,  C 
macrophylla,  Vahl,  C  Melistaurum,  Spreng..  C,  mollis,  K.  Sch.  ytx,  glabra,  K.  Sch.,  C  oblomgifolia, 
Camb.,  C.  obavaia,  Poepp.,  C,  ramiJUra,  Vahl,  C.  rubescms,  Dalz.,  C.  tomemtosa,  Roxb.,  C.  Viireca, 
Roxb.,  C.  Zenkeri,  GiLe;  Homalium  densiflorum,  Benth.  (cr.,  side  by  side  with  clnstered  crystals), 
H.fietidum^  Benth.,  B.  pedicellaium,  Benth.,  II,  racefficsum,  Jacq.,  H,  Racoubea,  Sw. ;  lM$iania 
euspidata,  Warb.,  L.  divaricata,  Benth.,  Z.  dodecandra,  Wright,  L,  parviJUra,  Spmce,  L,  raamosa. 
Hook.,  L,  Sauvalii,  Griseb. ;  Ophiobotrys  Zenkeri,  Gilg ;  Osmelia  AfaingayifKiti^ ;  Pyramidocarpus 
Blackii,  Oliv. ;  Samyda  glabraia,  Sw.,  ^.  grandiflora,  Griseb.,  S,  rosea,  Sims.,  S,  serrulata,  L. ; 
Zuelania  eremata,  Griseb.,  Z.  laelioides.  Rich. 

*  The  mciet  are :  Casearia  Brigkami,  Wats.,  C,  Commersoniana,  Camb.,  C  demijhra,  Benth., 
C.  dentaim,  £ichL,  C.  /avilensis,  H.  B.  K.,  C,  laetioides,  Warb.,  C.  laurifolia,  Benth.  (examined  by 
Harms)  C  Maximiliam,  EichL  and  C.  Spruceana,  Benth. 
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3.  Structure  of  the  Axis.  Regarding  the  occurrence  of  a  composite 
and  continuous  ring  of  sclerenchymay  which  also  includes  cells  with  U-shaped 
thickening,  in  the  pericyde  in  species  of  Casearia,  Homalium  and  Samyda^ 
as  well  as  of  an  interrupted  ring  in  the  pericyde  in  species  of  Banata  and 
Casearia,  see  also  Rtard,  loc.  dt. 

Litentare :  Elfstruid,  Ileilpfl.,  Ber.  dentsch.  pharm.  Gctellsch.,  1897,  p.  314.— Pitud^  Pericyde, 
Th^  Bordeaux,  i9oi,pp.  67-93. — [Pitard,  AsUfrop^ito,  Act.  Sioc  Linn.  Bordeaux,  Iviii,  1903, 
p.  Hi  et  teq.]— Bi&idlein,  Syst-anat  Untersncfa.  d.  Bl.  der  Samydaceen,  Benth.  et  Hook.,  Di«., 
Eriangen,  1907,  69  pp. 

TURNERACEAE  (pp.  381-383). 

Literature:  Pitard,  Pdriq^de^  Th^,  Bordeaux,  15)01,  p.  9a. 

PASSIFLORACEAE  (pp.  383-388). 

2.  Structure  of  the  Leaf.  Papillae  on  the  lower  side  of  the  leaf  are 
found  also  in  Passiflora  trifasciala^  Lem.  (Knothe).  Jumelle  has  recently 
also  demonstrated  internal  secretory  receptades  (see  p.  385)  in  the  axis  and 
leaf  of  the  newly  established  spedes,  Opkiocaulon  Firingavdense^  Dr.  de  Cast. 
He  describes  them  throughout  as  secretory  cells,  and  states  that  they  give 
rise  to  the  wax-like  or  more  properly  (as  he  points  out)  resinous  masses,  which 
are  repeatedly  mentioned  by  systematists  in  their  descriptions  as  covering  the 
different  parts  of  the  axis  in  the  spedes  of  Opkiocaulon. 

Extrafloral  nectaries  are,  according  to  Harms,  present  on  the  leaves  also 
in  PaschatUhuSy  HoUrungia  and  Tetrastylis. 

Literature :  Aofrechty  Extraflor.  Nekt.,  Diss.,  Zurich,  189a,  p.  30  et  seq.  {Passifiora  coemUd).^^ 
Pitard,  PMcyde,  Th^,  Bordeaux,  1901,  pp.  39  and  77.— Knotlie,  Unbenetzb.  BL,  Diss.,  Heiddbog, 
1902,  p.  14. — ^Jumelle,  Passiflore  k  resine,  Comptes  rendns,  Paris,  cxxxvii,  1905,  3  Seou,  pp.  ao6-S. 
—Col,  Faisoeaux,  Ann.  so.  nat,  s^.  8,  t.  xxj  1904,  p.  109. — Paoli,  Eterofillia,  Nqoyo  Gioro.  bot 
ItaL,  xi,  1904,  p.  316. — [Harms,  in  Natiirl.  Pflanzenfam.,  £ig.-Heft  ii,  1907,  p.  334.] 

PAPAYACEAE  (pp.  388,  389). 

Literature :  A  translation  of  Sdiadit's  paper  will  be  foond  in  Ann.  sc.  nat^  s^.  4,  t.  viii,  1857, 
p.  16^  et  seq.  and  pi.  vii,  viii. — Molisdi,  Mildisaft  u.  Schleimsaft,  1901,  p.  60. — Aresdioog,  Trop. 
vaxt.  bladbyggn.,  Sv.  Vet.  Akad.  HandL,  39,  n.  3,  1905,  pp.  30-1  {Carica). 

CUCURBITACEAE  (pp.  389-397). 

1.  Review  of  the  Anatomical  Features.  Glandular  hairs  with  rela- 
tivelv  long  stalks  are  also  found  in  this  Order.  Extrafloral  nectaries  are  present 
on  the  leaves  in  certain  species.  The  bundles  of  intraxylary  phloem  become 
secondarily  changed  into  inversely  orientated  vascular  bundles  aJlso  in  certain 
spedes  of  Coccinia^  Cucurbita^  Kedrostis  and  Mdotkria.  In  the  older  parts 
of  the  axis  of  Actinostemma  biglandtUosum^  A.  racemosum  and  Momordica 
Charantia  secondary  vascular  bundles  are  developed  from  a  secondary  meristem 
arising  in  the  endodermis. 

2.  The  Structure  of  the  Leaf  in  the  Japanese  spedes^  has  recently 
been  examined  in  detail  by  Yasuda.  The  epidermal  cells  in  these  spedes  are 
often  of  large  size  (the  lajrgest  being  .07  mm.  in  diameter  in  Gymnostemma 

'  viz.  spedes  of  the  genera :  AdincsUmmay  Bcnincasa^  Citrullus^  Cucumis,  Cucufbita,  Gymuo^ 
stemma,  Lagmaria^  Lt^a^  Mdcthria^  Montordica^  Schizoptpcn^  Trukosanthes,  The  species  in 
question  are  mentioned  in  the  text  above. 
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cissoides),  and  have  straight  or  undulated  lateral  margins.  In  Trichosanthes 
cucumetoides  the  epidermal  cells  on  the  upper  side  of  the  leaf  are  drawn  out 
into  blunt  conical  papillae.  The  stomata  are  either  present  on  both  sides 
(varying  in  number  on  the  upper  surface)  or  are  confined  to  the  lower  side  of 
the  leaf.  We  may  add  that  the  stomata  on  the  stem  are  commonly  situated 
at  the  apex  of  raised  pedestals,  formed  by  the  epidermal  cells  (Benincasa 
cerifera,  CucurbUa  Pepo^  &c.).  For  the  occurrence  of  water-pores  in  the 
Cucurbitaceae,  see  Spanjer,  loc.  cit.  According  to  Yasuda,  the  nature  of 
the  vascular  system  of  the  midrib  may  be  advantageously  employed  for 
systematic  purposes.  He  mentions  the  following  tj^pes :  A  single  vascular 
bundle  in  AcHnostemma  racemosum  and  SckizopepSn  bryoniaefolius ;  two 
vascular  bundles,  viz.  a  large  one  with  a  small  strand  above  it,  in  Melothria 
japonica ;  one  large  bundle  and  two  small  lateral  strands  in  Gymnostemma  cis- 
soides  ;  three  vascular  bimdles,  viz.  a  large  one  and  two  small  bundles  situated 
vertically  above  the  former,  in  Benincasa  cerifera^  Cucumis  saiivus  and  Lage- 
naria  vulgaris ;  four  bundles,  arranged  to  form  an  almost  right-angled  cross, 
the  lowest  bundle  being  the  largest,  in  Momordica  Charantia^  species  of  Luffa 
and  Tnchosanthes ;  seven  vascuJar  bundles  forming  a  ring,  the  largest  bundle 
being  situated  below  while  the  remaining  strands  above  become  successively 
smaller  and  show  a  symmetrical  arrangement,  in  Citndlus  vulgaris  and  CMCurhita 
Pepo.  Yasuda  met  with  oxalate  of  Ibne  only  in  the  older  stems ;  it  is  specially 
abundant  in  Momordica  Charantia^  where  it  occurs  in  the  form  of  solitary 
a^stals  of  diverse  shape.  In  the  hairy  covering  Yasuda  distinguishes  uniseriate 
clothing  hairs,  which  are  pointed  or  blunt,  and  external  glands  with  stalks 
of  var3ang  length.  He  found  the  foDowing  tj^pes  of  glands  :  shortly  stalked 
glandular  hairs  with  a  multicellular  ovate  head,  in  all  the  species ;  glands 
with  a  long  stalk  and  a  multicellular  ovate  head,  in  species  of  Benincasa, 
Ci^uUuSy  CucunUs,  CucurbUa,  Lagenaria,  Luffa,  Momordica,  and  Trichosanthes  ; 
glands  with  a  lon§  stalk  and  a  head  showing  a  special  type  of  structure, 
the  head  being  umcellular  in  Trichosanthes  cucumeroides,  bicellular  by  means 
of  a  transverse  wall  in  Cucurbita  Pepo,  and  lastly,  multicellular  with  the  two 
uppermost  cells  drawn  out  into  blunt  processes,  in  Benincasa  cerifera. 

In  connexion  with  the  subject  of  glandular  hairs  we  may  notice  that 
extrafloral  nectaries  occur  on  the  leaves  in  species  of  Abobra,  Adenopus, 
Alsomitra,  Bryonia,  Cephalandra,  CucurbUa,  FeuiUea,  Lagenaria,  Luffa, 
Momordica,  Sphaerosicyos,  Trianosperma  and  Trichosanthes ;  they  are  found 
either  on  the  entire  lower  surface  or  are  restricted  to  the  bases  of  the  leaves  ; 
in  some  cases  they  are  also  present  on  the  sepals  ajid  bracts,  the  latter  being 
sometimes  completely  transformed  into  nectaries  (see  Dutailly  and  Delpino, 
11.  cc).  These  nectaries  have  long  been  known  to  systematists  and  biologists, 
but  have  not  yet  been  closely  examined.  In  the  same  way  the  *  foUa  subtus 
glandulosa'  mentioned  by  Bentham  and  Hooker  in  species  oi  Cephalandra 
and  Trianosperma  require  detailed  investigation ;  possibly  they  are  merely 
due  to  the  external  glaiids. 

Internal  secretory  receptacles  have  not  as  yet  been  recorded  in  this  Order. 
Hallier,  however,  informs  me,  that  he  has  seen  an  exudation  of  latex  from 
a  fruit  of  Trichosanthes,  which  had  been  cut  open  ;  so  that  Trichosanthes  may 
in  the  first  place  be  further  investigated  for  the  occurrence  of  secretory  organs. 

3.  Structure  of  the  Axis.  We  may  add  the  following  details  retarding 
the  occurrence  of  bicoUateral  vascular  bundles  in  the  Cucurbitaceae.  Accord- 
ing to  Baranetzky  a  cambium,  which  produces  woody  tissue  externally,  appears 
at  the  outer  margin  of  the  inner  soft  bast  in  CucurbUa  perennis  (=C.  foetidissima, 
Kth.  ex  Syn.),  Bryonia  abyssinica  {^Coccinia  abyssinica,  Cogn.),  Rhynchocarpa 
dissecta  (=  Kedrostis  africana,  Cogn.)  and Zehneria  suavis  (^melothria  punctata, 
Cogn.).    The  vascular  bundles  9ius  produced  are  situated  at  the  periphery 
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of  the  pith,  and  exhibit  inverse  orientation  of  the  wood  and  bast ;  even  in 
the  thicker  stems,  however,  they  are  not  found  in  all  parts  of  the  transverse 
section.     We  may  further  note  that  the  intraxylary  phloem  in  some  cases 

&g.  in  Actinostemma  biglandulosum^  see  below)  only  appesirs  at  a  late  stage. 
IS  leads  us  to  consider  the  anomaly  recorded  by  Fries  in  the  older  stems 
of  SiolnuUra  brasiliensis,  Baill.,  which  ultimately  results  in  the  appearance 
of  inversely  orientated  medullary  bundles  of  wood  and  bast,  devoid  of  vessels. 
Siohnatra  brasiliensis,  like  AlsomUra,  &c.,  has  ordinary  collateral  vascular 
bundles.  Secondarily,  however,  a  zone  of  cambium,  which  is  at  first  inteirupted, 
but  subsecjuently  becomes  continuous,  is  developed  at  the  margin  of  the  pith  ; 
this  cambial  zone  first  produces  groups  of  phloem  internally  and  later  groups 
of  libriform  externally. 

SiolnuUra,  like  the  other  members  of  the  Order,  shows  two  rings  of  vas- 
cular bundles  in  the  transverse  section  of  the  stem.  Of  these  the  bundles  of 
the  inner  ring  are  approximated  in  pairs,  while  those  of  the  outer  ring  are 
inserted  in  the  broad  primary  medullary  rays,  separating  the  paired  bundles 
of  the  inner  ring  from  one  another ;  tlie  outer  bundles  are  divided  into  two 
lamellae,  the  inner  ends  of  which  are  joined  together  so  that  they  appear  like 
the  arms  of  a  V,  which  is  open  towards  the  outside. 

According  to  Yasuda,  the  wood  contains  vessels  with  a  diameter  of 
•14—5  mm.,  and  formation  of  tyloses  is  of  common  occurrence. 

In  young  parts  of  the  axis  the  pericyde  contains  a  closed  ring  of  scleren- 
chyma  composed  of  fibrous  cells,  but,  according  to  Yasuda  and  Pitard,  this 
ring  becomes  spUt  open  at  later  stages.  In  older  stems,  according  to  Yasuda, 
fibrous  sclerenchyma  is  occasionally  found  also  on  the  inner  side  of  the  vascular 
bundles.  Secondary  sclerench}mia,  composed  of  short  cells,  is  moreover 
commonly  developed  on  the  inner  side  of  the  primary  sclerench}mia,  e.  g.  in 
species  ot  AdinosUmma,  CUrullus,  GymnosUmma,  Luff  a,  Mdoikria,  Mamardica, 
and  Trickosanthes,  In  the  species  of  Trichosanihes  the  secondary  sclerenchjrma 
in  the  older  stem  forms  a  ring,  which  is,  however,  not  complete. 

The  outer  portion  of  the  primary  cortex  frequently  contains  well-dif- 
ferentiated collenchyma. 

Yasuda  observed  formation  of  cork  on  the  outer  side  of  the  sclerenchy- 
matous  ring  in  the  species  of  Trichosanihes, 

A  central  cavity  often  appears  in  the  body  of  the  pith,  sometimes  (Benin- 
casa  cerifera,  CucurOita  Pepo,  Lagenaria  vulgaris)  even  in  youn§  stems. 

To  A.  Fischer's  synopsis  of  the  distribution  of  sieve-tubes  m  the  Cucurbi- 
taceae  we  may  add  that  according  to  Yasuda  entocydic  and  commissural 
sieve  tubes  occiu*  also  in  species  of  Actinostemma,  Gymndstemma,  Momordica, 
Schizopepon  and  Trichosanihes, 

The  following  details  may  be  added  regarding  the  anommlout  stmcture  of 
the  axis  mention^  above  as  occurring  in  species  ot  Actinostemma  and  Momordica, 
The  structure  of  the  stem  of  Actinostemma  biglandulosum  may  first  be  considered 
(accordinc;  to  Wallace).  In  the  young  axes  there  are  two  rings  of  five  bundles  each, 
the  bundles  alternating  with  one  another.  The  inner  ring  consists  of  three  col- 
lateral bundles  with  wood  and  bast  and  two  phloem-bundles,  the  outer  ring  of  five 
collateral  bundles  of  wood  and  bast.  At  a  later  stage  the  bundles  of  both  rings 
become  bicollateral,  the  phloem-strands  having  in  me  meantime  developed  into 
collateral  vascular  bundles.  In  this  case  therefore  the  intraxylary  soft  bast  appears 
at  a  relatively  late  stage.  At  the  base  of  older  stems  accessory  vascular  bundles 
are  developea  from  a  meristem  arising  in  the  endodermis,  i.e.  immediately  external 
to  the  ring  of  pericyclic  sclerenchyma.  These  vascular  bundles  show  a  radial 
arrangement  and  are  situated  on  tne  outside  of  the  primary  bundles ;  they  ulti- 
mately become  bicollateral,  and  then  undergo  increase  in  the  normal  way  by  means 
of  a  cambium ;  to  the  naked  eye  they  appear  as  ribs.— Yasuda  records  the  develop- 
ment of  such  secondary  vascular  bundles,  which  are  visible  externally  as  ribs,  and 
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are  situated  on  the  outer  side  of  the  sclerenchymatous  ring  also  in  old  stems  of 
Actinostemma  racemosum  and  Momordica  Charantia, 

Tondera  has  published  at  length  on  the  structure  of  the  tendrils;  he 
utilizes  the  fact  that  the  stalk  of  the  tendril  resembles  the  petiole  in  containing 
only  a  single  vascular  ring,  formed  by  the  leaf-trace  bundles  situated  in  the 
angles  of  the  stem,  to  support  the  view  that  the  tendrils  are  metamorphosed 
leaves.    For  the  sensitive  pits  on  the  tendrils,  see  Haberlandt,  loc.  cit. 

Litermtore:  Dutailly,  ^caUles  glandnlif..  Boll.  Soc.  bot.  linn,  de  Paris,  n.  6,  1875.— [Arthiir, 
Trichomes  of  Echinocystis  lobata^  Bot.  Gazette,  vi,  1881,  pp.  180^-3,  1  pL] — Haberlandt,  £inkap- 
telling  d.  Protopl.,  Sitz.-Ber.  Wiener  Akad.,  xcviii,  Abt.  i,  1089,  pp.  190--8  and  Tab.— Lamonnette, 
Liber  interne,  Ann.  sc  nat,  s^r.  7,  t  xi,  1800,  pp.  a40-53.---rDrobnig,  WurzelknoUen,  Diss., 
Roftock,  189a,  p.  20  et  seq.  {Tkladiantha,  ArAa//fMm).T— Tognuii,  Stomi,  Atti  Ist  bot.  Pavia, 
1894.] — Elfstrand,  Heilpfl.,  Ber.  deutsch.  pharm.  Gesellsch.,  1897,  p.  2^5  (^Trianosperma), — 
Spanjer,  Wasserapparate,  Bot.  2^t.,  1898,  1,  p.  53. — Baranetzky,  False.  btcoUat.,  Ann.  so.  nat., 
ser.  8,  t.  zii,  1900,  pp.  274-8  and  301-4. — Wallace,  Stem-stracture  oi  Actinostemma  di^lamiuldsum, 
Ann.  of  Bot.,  xiv,  1900,  pp.  639-45  and  pi.  xxxiv. — Borzi,  Apparato  senso-mot.  del  cirri  delle 
Cucurbit.,  Atti  R.  Accad.  Lincei,  Rendiconti,  x,  i.  Sem.,  1901,  pp.  395-400. — Delpino,  On 


M).  46,  47. — [Pollock,  Fibrovasc.  bundles  in  the  root  and  hypocotyl  in  Echinocystis  lobata^  Report 
ichigan  Acad.  Sc.,  ill,  1901,  pp.  40-a.] — [Yasnda,  Comp.  anat.  of  the  Cucurbit  etc.  (Japanese), 
Bot.  Magaz.  Tokyo,  xv,  1901,  pp.  88-01.]—- [Borzi,  Apparato  senso-mot.  etc,  Contribuz.  1st.  bot. 
Palermo,  iii,  i,  1902,  pp.  1 19-76. J--Tondera,  Gerassbiindelsyst.d.  Cucurbit.,  Sitz.-Ber.  Wiener  Akad., 
cxii,  Abt.  I,  1903,  pp.  23-59  ^^  l^^b*  ^~^* — ^Vasuda,  Comp.  anat.  of  the  Cucurbit,  etc.,  Joum.  Coll. 
of  Sc.  Imp.  Univ.  Tokyo,  xviii,  1903,  56  pp.  and  5  pi. — Col,  Faisoeaux,  Ann.  sc.  nat.,  s^r.  8,  t.  xx, 
1904,  pp.  205-6.— Faber,BUcoll.  Gdassb.  von  Cucnrbiia  Pepo^  Ber.  deutsch.  bot  Gesellsch.,  1904, 
pp.  296-303,  and  Tab.  xvi,  xvii. — [Nemic,  Starkescheide  d.  Cucurbit.,  Bull,  int  Acad,  sc  Boheme, 
IX,  1904,  12  pp.]— -TBemet,  Obs.  anat  nouv.  sur  la  tige  des  Cucurbit,  Bull.  Herb.  Boiss.,  2*  s^r.,  v, 
190K,  p.  31a  ;  and  Comptes  rendus  Soc  bot  Gen^.>~Fries,  Zwei  sUdamerikan.  Lianen,  Botaniska 
Studier  tillagn.  Kjellman,  Upsala,  1906,  pp.  89  and  especially  96  et  seq. 

BEGONIACEAE  (pp.  398-406). 

Literature:  Keller,  Luftwurzeln,  Diss.,  Heidelberg,  1889,  pp.  17,  18.— C.  de  CandoUe, 
Infloresc.  ^phylles,  M^m.  Soc  de  phys.  et  delist,  nat.  Gen^e,  1890,  vol.  suppl.,  sep.  copy, 
p.  20  et  seq. — ^Jonsson,  Anat.  Bau  d.  Bl.,  Acta  Univ.  Lund.,  xxxii,  a,  1896. — Minden,  Wasaersez. 
Org.,  Bibl.  bot,  Heft  46,  1899,  p.  45. — Rechinger,  Trichome d.  Gesneriaoeen^^Osterr.  bot  Zeitschr., 
1899,  Sep.  copy,  p.  2,  foot-note  2. — tfaberlandt,  Lichtsinnesorg.,  1905,  p.  75. — Theorin,  Vaxttridiom., 
Arldv  for  Bot,  iv,  n.  18,  1905,  p.  8. 

DATISCEAE  (p.  406). 

Regarding  the  water-pores,  see  Spanjer,  loc.  cit. 

Literature:  Spanjer,  Wasserapparate,  Bot  Zeit.,  1898,  i,  p.  54. — ^Montemartini,  Studio 
anat  sulla  Datisca  cannMna,  Annali  di  Bot.,  iii,  1905,  pp.  101-12  and  Tab.  xi,  xii. 

CACTEAE  (pp.  406-415). 

Regarding  the  differentiation  of  the  hypoderm,  see  also  Preston,  loc.  cit. 
He  records  a  hypoderm  of  6-7  layers  in  Echinocactus  Wislizeni^  EngeJm.,  and 
one  of  12-14  layers  in  Cereus  gigatUeus^  Engehn. ;  he  also  mentions  the  occur- 
rence of  oxalate  of  lime  in  the  hypoderm  in  MammiUaria  Grahami^  Engelm.» 
Opuntia  arborea,  Engelm.,  0.  fulgida^  Engelm.  and  0.  phaeacantha,  Engelm. 
In  Opuntia  fulgida  and  0.  leptocaulis^  DC,  the  epidermis  contains  crystals 
which  in  the  case  of  0.  leptocaulis  are  fomid  in  speaal  idioblasts. 

The  peripheral  grottnd  tissue  is  frequently  differentiated  as  palisade-tissue, 
e.  g.  in  Cereus  giganteus. 

According  to  Preston's  statements  on  the  structure  of  the  wood  the 
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characteristic  elementary  organs,  described  under  the  name  of  tracbeids, 
occasionally  occur  also  in  the  genus  Cereus  (C.  FendUri^  Engelm.).  In  the 
species  just  named  narrow  zones  composed  of  spiral  vessels  alternate  in  trans- 
verse section  with  broader  zones  consisting  of  tracheids  with  a  flat  spiral  band. 
It  remains  doubtful  whether  these  tracheids  possess  a  lining  layer  of  proto- 
plasm and  a  nucleus  (cf .  p.  410)  during  the  whole  of  their  existence  or  whether 
such  contents  are  present  only  in  the  young  condition  (see  Darbishire,  loc.  dt.). 

To  the  remarks  made  on  p.  411  on  the  morphological  nature  of  the  thorns 
we  may  add  that  according  to  Rudolph  the  thorns  of  Opuntia  missouriensis 
are  neither  leaves,  nor  emergences,  but  merely  simple  trichomes. 

From  the  systematic-chemical  point  of  view  the  demonstration  of  saponin 
in  Cereus  gummosuSf  Engelm.  is  interesting  (Heyl). 

litenttnre :  Keller,  Loftmirzeln,  1889,  pp.  33-5. — Mittmann,  Pflanzenstacheln,  Veifa.  bot  Ver. 
Mark  Brandenburg,  1889,  p.  60.— Barber,  Corky  excreic.,  Ann.  of  Bot,  vi,  189a,  d.  166 — Lothelier, 
Opines,  Tb^,  Paris,  iSg$f  p.  41. — Ganong,  in  Bot  Gazette,  1895,  pp.  213-ai.— Mattencd,  Plaoche 
tngfaerote,  Nnovo  Giom.  bot  Ital.,  1897,  p.  224  et  leq.— K.  Sommann,  Gesamtbescfar.  d.  Cacteen, 
i^99>  PP*  I3~'5* — Prestoi^  Root-system  of  certain  Cacteae,  Bot.  Gazette,  1900,  pp.  348-51. — 
Heyl,  Alkaloide  n.  Saponine  in  Cact,  Arcbiv  d.  Pharm.,  239,  1901,  p.  471. — Preston,  Street 
studies  on  Southwestern  Cact,  Bot  Gazette,  1901,  pp.  35-55  (spedes  of  Cereus^  Eckmocactus^ 
MammiUaria^  OfUHiia),^[BaLy,  Plants  of  the  Sotol  region,  BnlL  Torrey  Bot.  Club,  xxz,  1903, 
p.  621  et  seq.] — Rudolph,  Stachelbild.  bei  Cact,  Oestenei(£.  bot.  2^eitschr.,  1003,  pp.  105-9  ^<1  '^'^  ^ 
— Darbishire,  MammtUarU  eUttiga/a,  Ann.  of  Bot.,  1904,  pp.  375-416  and  pi.  xxv,  xxtL — Porsch, 
Spaltoffhungstypus,  Jena,  1905,  pp.  119-23  and  Tab.  iv.^Arcangeli,  Cereus  peruuianus,  Atti  del 
Cfongresso  dei  Natnzalisti  itaL,  Milano,  1906,  p.  403  et  seq.  J 

FICOIDEAE  (pp.  415-419). 
According  to  Gulliver,  styloids  occur  also  in  species  of  Mesefnbryanthemum. 

Literature:  Schubert,  Paienchymscheiden,  Bot  Centralbl.,  1897,  iii,  p.  472. — ^Baccarini  e 
Sdllamii,  Giinus  lotoidest  Contribut.  1st  bot.  Palermo,  ii,  1898,  pp.  S3-i>J^  ^^^^  Tab.  ix-xiT. — 
\t.  Meyer,  Vergl.  Anat.  d.  Caryophyllac.,  etc.  Diss.,  Gottingen,  1899  {Telephimm), — Brenner, 
Fettpfl.,  Flora,  1900,  pp.  398-403  {AfesefrUfyaft/kemum).—J6s^ng,  in  Beih.  z.  Bot  Centralbl.,  xii, 
1902,  p.  141  (^TelepAium).—KtMxny,  in  Contrib.  U.  S.  Nat.  Herb.,  v,  5,  1000,  p.  302  {Sesmvittm),— 
[Bergamasco,  Biol,  delle  Mesembr.,  Bull.  Orto  bot.  Napoli,  1004,  p.  165  et  sea. ;  abttr.  in  Just, 
1904, 1,  p.  7i5.]~[Pil6a^>  Ncue  Gatt.  der  Aizoaceae,  in  Engler,  Bot  Jahrb.,  xl,  1908,  pp.  396, 
397  {Giischrothamnus)^ 

UMBELLIFERAE  (pp.  419-426). 

1.  To  the  list  of  anomalous  structures  enumerated  at  the  end  of  the 
Review  of  the  Anatomical  Features  we  may  add  the  fission  of  the  xylem- 
mass  in  the  axis  and  root  of  AzoreUa  Selago,  Hook.  fil.  The  very  rare  occur- 
rence of  glandular  hairs  may  also  be  mentioned  on  Siissenguth's  authority. 

2.  Structure  of  the  Leaf.  A  one-layered  hypoderm  is  developed 
above  the  lower  epidermis  in  Bupleurum  petraeum  (according  to  Briquet) 
and  B.  graminifolium^  Vahl  (according  to  David).  The  upper  epidermis  is 
papillose  in  Bupleurum  falcatum^  L.  and  B,  montanum  (David) ;  it  consists 
of  large  cells  in  Hermas  villosa  (Duboule).  The  mechanical  elements  in  the 
veins  of  the  leaf  are  coDenchymatous  or  sclerenchymatous. 

For  the  structiu-e  of  the  septate  phyllode-like  leaves  of  Oxypolis  filiformis, 
Britt.,  see  Rennert ;  for  the  structure  of  the  leaves  of  AzoreUa,  see  Temetz, 
and  for  those  of  Hermas,  see  Duboule,  11.  cc. 

In  connexion  with  the  subject  of  oxalate  of  lime  (p.  421)  we  may  add 
that  according  to  Ad.  Meyer  and  Nestel  the  leaves  of  Aethusa  Cynapuim,  L., 
Conium  mactdatum,  L.,  Seseli  Libanotis,  Koch  and  Trinia  glauca,  Reichb. 
contain  small,  sometimes  plumose  excretions,  which  occur  both  in  herbarium- 
and  alcohol-material.  Ad.  Meyer  considers  these  masses  to  be  hesperidin,  while 
Tschirch  looks  upon  them  as  consisting  of  a  new  substance  of  unknown  nature. 
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ADDENDA— UMBELUFERAE  941 

As  regards  the  hairy  covering  we  may  note  that  Bourdin  figures  simple 
uniseriate  clothing  hairs  in  OenatUhe  globosa,  L.,  while  Duboule  records  three- 
celled  clothing  hairs  with  a  basal  ceU,  a  short  stalk-cell  and  a  long  terminal 
cell  in  Hennas  gigantea.  Siissenguth  states  that  he  has  observed  small  glandu- 
lar hairs  with  a  head  composed  of  2-4  ceUs  on  the  lower  side  of  the  leaf  of 
PimpinMa  Saxifraga, 

3.  Structure  of  the  Axis.  Among  the  species  having  medullary  vas- 
cular bundles  (cf.  p.  424)  we  may  include  Magydaris  panacifolia^  Lge.  (according 
to  Kiimmerle ;  this  species  has  numerous  bundles,  which  are  either  collateral 
or  concentric  with  central  phloem),  as  well  as  Apium  graveolens,  L.  and 
Hacquetia  Epipactis^  DC.  (according  to  Nestel). 

According  to  Temetz,  AzoreUa  Selago^  as  already  mentioned  above,  exhibits 
fission  of  the  xylem-mass  in  the  older  parts  of  the  stem  and  in  the  roots.  This 
anomaly  is  closely  related  to  the  anomalous  structure  of  the  root  previously 
known  to  occur  in  certain  species  of  OenatUhe,  &c.,  and  already  described  in 
section  4,  p.  425  ('  secondary  transformation  of  the  fibrovascular  system  inta 
concentric  vascular  bundles  ),  although  it  has  quite  a  distinct  aspect  in  trans- 
verse section,  especially  in  the  older  parts  of  the  plant.  The  common  features 
of  both  types  of  anomaly  are  the  cleavage  of  the  original  fibrovascular  system 
and  the  appearance  of  secondary  meristems,  producing  wood  and  bast. 

According  to  Temetz,  the  fission  of  the  xylem-mass  in  the  axis  of  AzoreUa 
Selago  takes  place  as  follows.  In  the  young  axis  the  vascular  bundles  are  loosely 
arranfi;ed  in  tne  normal  way  to  form  a  ring.  In  the  course  of  growth  in  thickness 
and  ue  simultaneous  development  of  cork,  a  process  of  disorg^mization  is  started 
in  the  parench3rmatous  ground-tissue  and  in  the  outer  portions  of  the  secondary 
cortex,  both  of  which  become  psurtly  transformed  into  a  kind  of  complementary 
tissue ;  at  the  same  time  clefts  are  formed,  which  have  an  approximately  radial 
course  and  also  penetrate  between  the  groups  of  wood  in  the  direction  of  the  pith. 
When  the  axis  has  attained  a  thickness  of  5-6  mm.,  meristematic  tissue  com- 
mences to  develop  in  the  region  of  the  xylem-mass,  viz.  alon^  the  radial  clefts 
and  on  the  inner  side  of  the  xylem-segments ;  this  meristematic  tissue  gives  rise 
to  a  parenchyma,  which  undergoes  dilatation.  The  appearance  of  secondary  meri- 
stems forming  wood  and  bast  in  this  parench3rma  and  their  junction  with  the 
normal  cambium  of  the  vascular  bundles  then  leads  to  the  development  of  a  kind 
of  pol)rstely ;  in  consequence  of  further  cleavage,  however,  this  structure  soon 
becomes  disturbed  and  gives  way  to  a  maze  of  separate  segments  of  wood  and 
bast  irregularly  interwoven  with  one  another. — ^We  may  also  note  that  the  xylem- 
mass  of  Azof  Ma  contains  only  '  annular  and  spiral  vessels '  and  no  reticulate  or 
pitted  vesseb ;  apart  from  these  vesseb  it  consists  solely  of  unlignified  parenchyma. 

4.  Structure  of  the  Root.  In  Magydaris  panacifolia  the  older  roots  have 
a  structure  similar  to  that  found  in  Oenanthe  crocata,  the  transverse  section  show- 
ing two  rings  of  concentric  vascular  bundles  with  central  xylem.  The  mode  of 
development  of  this  structure  is  the  same  as  in  Oenanthe. 

Literature :  Ad.  Meyer,  Anat.  Charaktere  ofiiz.  Bl.  u.  Kraater,  Abh.  natarf.  Gesellich.  Halle, 
XY,  i88a,  aep.  copy,  pp.  7-10. — Coftantin,  Tiget  a^r.  et  sout.,  Ann.  tc  nat.,  s^r.  6,  t  xii,  1883, 
p.  73  et  seq.— Costantm,  Hges  d.  pL  aqnat.,  Ann.  sc  nat,  wh.  6,  t  xix,  1884,  p.  287  et  seq.  and  j^. 
zn.— Jadin,  Org.  s^cr^.,  These,  Montpdlier,  1888,  p.  $6  et  seq.— K.  MUUer,  Freie  GeOatb.  in  den 
Blattstielen,  Sitz.-Ber.  natnrf.  Frennde  Berlin,  1890,  p.  131.— Lothelier,  Epines,  Th^,  Paris,  1803, 
p.  25  {Eryngium), — [Pohl,Phannakognosie d.  Umbellif.-Wnrzeln, Lotos,  xiv,  1894,  pp.89-p8,  a  Tab.; 
abetr.  in  Jnst,  1894,  i,  p.  484.] — Boozdin,  Ombelliftres,  etc,  Anat  conm.  de  la  feoiue,  Th^, 
Montpellier,  1897,  pp.  5i-87.H[Briqaet,  Monogr.  des  Bnplenres  des  Alpes  maritimes,  Bftle  et 
Gen^,  1807, 131  ppj— Briqnet,  Th^orie  pbyllodiqne,  etc.  Boll.  Herbier  Bolssier,  ▼,  1897,  p.  335 
et  scq. — Schnbert,  Farenchymschetden,  Bot  Centialbl.,  1897,  iv,  p.  17.— Dnboole,  Anat.  comp.  de  la 
fcnilie  dans  le  genre  Hermas^  Arch,  sc  phvs.  et  nat.  Gen^,  sifr.  4,  t  rii,  1 899,  pp.  446-80  ana  pi.  ir ; 
also  in  BoU.  Labor,  de  bot.  e^.  de  Genere,  ii,  1899,  pp.  37-73.— Minden,  Wassersez.  Oigane,  BibL 
bot.  Heft  46,  1899,  p.  33  ^#rKiSs).»Schleichert,  Xerophyten  bei  Tena,  Natorwiss.  Wochenschr., 
1900,  p.  449  (^i///nirKm).— Thomas,  FeoiUes  soot,  TMse,  Paris,  1900. — David,  ttnde  anat 
dn  genre  Bupliurum^  Thbe,  Paris,  1901,  95  pp. — [Goris,  Wnrzel  von  Asafoetida^  Jonm.  de  Pharm. 
tt  Qiimie,  1901,  n.  13  ;  abeti'.  in  Jnst,  1901,  ti,  p.  37.] — [Holm,  Erigenia  bulbasa^  Americ  Jonm. 
of  Sc,  zi,  1901,  p.  63.]~Pitard,  P^ricyde,  These,  Bordeaux,  1901,  p.  39.— Knothe^  UnbeneUb. 
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BL,  Diss.,  Heidelbere,  190a,  p.  ai — Kummerie,  Beitr. z.  Kenntnis  d.  Anat.  d.  Umbellif.  {Magydarii), 
Novenytani  K6ilcm2nyck,  190a,  Hnngariui,  scp.  c<^,  18  pp.— [Petersen,  Bladnenr.  hos  arter  «f 
slagtcn  Buphurum,  Bot  Tidsskrift,  xxvi,  190a,  pp.  343-76.]— Ternetz,  Morphol.  u.  Anat  d. 
Azorella  Se/ago,  Hook,  f.,  Bot  Zeit.,  190a,  pp.  i-ao  and  Tab.  i.— Modrakowski,  VeiigL  Untersach. 
d.  dem  Cmium  macukUum  ahnlichen  Umbellif.,  Zeitschr.  allg.  osterreidi.  Apothdcerver.,  1903, 
n-  45-50>  «ep*  copy,  ao  pp.— TRennert,  Phyllodes  of  OxypolisjUtformis,  Bidl.  Toirey  Bot.  Club,  xxx, 
1903,  pp.  403-11 ;  abstr.  in  Bot  Centralbl.,  xcv,  p.  a47.]— Theorin,  Vaxttrichom.,  Arkiv  for  Bot, 
i>  19031  P-  160.— Col,  Faisceaux,  Ann.  sc.  nat,  s^r.  8,  t  xx,  1904,  pp.  173-9.— Frddenfeldt,  Anat 
Ban  d.  Wurzel,  BibL  bot.  Heft  61,  1904,  p.  66.— Siissenguth,  Bchaarungsverh.  d.  Wurzbnrger 
Mnschelkalkpfl.,  Diss.,  Wiirzburg,  1904,  pp.  3a-5.— Nestel,  Stengel-  n.  Blattanat.  d.  Umbellif.,  Disi., 
Zurich,  1905,  ia6  pp.,  i  Tab.— Weberbaucr,  Vegetat.  d.  Hochanden  Perns,  in  Engler,  Bot  Jahrb., 
xxxvii,  1905,  p.  60  et  scq. — [For  further  literature,  see  p.  117a.] 

ARALIACEAE  (pp.  426-432), 

1.  Review  of  the  Anatomical  Features.  The  recent  investigations 
on  the  structure  of  the  leaf  and  axis  undertaken  by  Giissow*  and  Viguier* 
render  a  number  of  additions  necessary.  The  superficial  development  of  the 
cork  in  the  stem  and  the  frequent  presence  of  collench}miatous  tissue  in  the 
primary  cortex  aie  features  characteristic  of  the  Order.  Oxalate  of  lime  is 
excreted  not  only  in  the  form  of  ordinary  solitary  and  clustered  crystals,  but 
occasionally  also  in  the  form  of  prismatic  crystals  of  varying  size  (epidermis 
of  the  leaf  of  Astrotricha)  and  of  tj^ical  crystal-sand  (AptopOalum^  Boerlagio- 
dendfon^  Motherwellia,  Tetraplasandra).  According  to  Giissow,  secretory 
cavities  are  found  in  the  mesophyll  also  in  species  of  Cussonia,  Etemopanax^ 
Hetcropanax,  Kissodendron  and  Pseudosciadium.  As  regards  the  hairy  covering 
we  may  add  that  unicellular  clothing  hairs  and  typical  external  glands  are 
wanting,  that  shaggy  hairs  occur  also  in  species  of  Kalopanax  and  StUbocarpa, 
and  that  small  scale-like  trichomes  are  found  in  Oreopanax  xalapensis^  Decne. 
et  Planch.  According  to  Gussow  (although  not  in  agreement  with  Viguier), 
medullary  vascular  bundles,  showing  varied  orientation  of  wood  and  bast, 
are  present  not  only  in  species  of  Aralia  and  ArtkrophyUum^  but  also  in  species 
of  numerous  other  genera.  Certain  species  (especially  those  of  Oreopanax)^ 
moreover,  are  distin^shed  by  the  possession  of  cortical  vascular  bundles; 
for  details  on  this  point,  see  under  the  structure  of  the  axis. 

According  to  Viguier,  the  genus  Aralidium,  in  which  both  Gussow  and  Viguier 
found  no  resm-canals,  must  be  excluded  from  this  Order.  Special  anatomical 
features  recorded  in  this  genus  are :  small  cortical  vascular  bundles  exhibiting 
normal  orientation  ;  isolated  groups  of  bast-fibres  in  the  pericycle  ;  broad  medullary 
rays  in  the  wood,  and  bundles  of  medullary  fibres. 

2.  The  Structure  of  the  Leaf  is  again  bifacial  in  most  of  the  species 
investigated  by  Gussow,  but  in  some  cases  it  merges  into  homogeneous-centric 
structure ;  isolateral  structure  with  paUsade-tissue  situated  on  both  sides  of 
the  leaf  has  not  been  recorded  in  any  member  of  the  Order.  Arm-palisade 
tissue  occurs  also  in  Acanthopanax  sessUiflorus^  Seem,  and  Pseudopanax 
laetevirens,  Benth.  et  Hook.    The  interceUidar  spaces  of  the  spongy  tissue 


'  Giissow's  investigations  extend  to  the  following  genera,  which  are  enumerated  in  the  lerial  order 
of  Harms'  svstem :  I.  Schefflereae :  T^fidanthus^  PUrandra,  Tetraplastmdra^  Reynoldsia^  Pttro^ 
tropia^  Boerlagiodendrony  Trevesia,  Faista,  TetrapancLx^  Meryta^  Scheffltra^  Oreopanax^  GiHbertia, 
Hedera^  Brassaiopsis,  Gcutoniay  Polyscias^  KissoeUndroftt  Pseudcpanaxy  Macropanax^  NothopoHox, 
Cheirodendron^  Astrotricha^  Acanthcfanax  Kalopanax^  DidymopanaXy  HeieroptmaXy  Cusspmaj 
Arthrophyllumy  Ertmopanax,  II.  AraJieae :  Pentapanaxy  Motherwellia,  Aralia^  StUbocarpa^  Panax, 
Araliaiumy  Horsfieldia  {^Harmsiopanax),  MyodocarpuSj  Delarbreay  Porospermum,  In.  Mackin- 
layeae :  Mackimayay  Apiopetalum,  PseudosciacUum. 

'  Vignier*s  work  is  essentially  concerned  only  with  the  differentiation  of  the  vascular  system  and 
the  distribution  of  the  resin-canaJs  in  the  axis  and  petiole ;  his  investigations  were,  however,  also- 
undertaken  on  material  representing  very  numerous  genera. 
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are  usually  small,  although  in  some  cases  of  large  size.  Stomata  are  rarely 
found  on  the  upper  side  of  the  leaf  and  then  only  occur  in  small  numbers 
(Aralia  humilis,  Cav.,  Gastonia  cutispongia^  Lam.,  Tetrapanax  papyrifer, 
K.  Koch).  In  certain  species  of  Macropanax,  Schefflera  and  TupidanthuSy 
the  stomata  are  exceptionally  niunerous,  so  that  the  lower  epidermis  is  formed 
entirely  by  the  stomata  with  their  subsidiary  cells.  The  pairs  of  g;uard-cells 
either  Ue  on  a  level  with  the  epidermis  or  may  be  somewhat  raised  or  a  uttle  sunk. 
Stomata  having  subsidiary  cells  arranged  according  to  the  Rubiaceous  type 
were  observed  by  Giissow  also  in  species  of  Aralia,  Astrotricha,  Cheirodendron, 
Echinopanax,  Eremopanax^  Fatsia,  Gastonia,  Mackinlaya,  Nothopanax,  OH' 
goscias  and  Psarospermum.  The  old  and  new  investigations  (see  below)  have 
shown  that  the  occurrence  of  hypodenn  on  the  uoper  side  of  the  leaf  is  a  very 
widely  distributed  feature  in  the  Araliaceae.  On  the  other  hand,  papillose 
differentiation  of  the  epidermis  is  not  frequently  found ;  to  the  previous  records 
we  may  add  the  sUghtly  papillose  protrusions  found  on  the  upper  side  in 
Reynoldsia  sandwiccnsis,  A.  Gray,  on  the  lower  side  in  Polyscias  sambucifolia, 
Harms,  and  on  both  sides  in  P.  farinosa.  Harms,  as  well  as  the  papillae 
present  on  the  lower  side  of  the  leaf  of  Pentapanax  parasiticus.  Seem. ;  the 
latter  resemble  those  of  Aralia  canescens.  Giissow  ako  failed  to  meet  with 
gelatinization  of  the  epidermis  of  the  leaf  in  any  member  of  the  Order. 

Gussow  mentions  the  occurrence  of  tangential  division-walls  in  the  epidermis 
in  Nothopanax  diver sifolius.  Harms,  and  of  a  one-layered  hypoderm,  which  is  only 
developed  locally,  in  certain  species  of  ArthrophyUum,  Oreopanax  and  Polyscias. 
He  further  records :  a  one-layered  hypoderm,  m  Arthrophyllum  Blumeanum,  ZoU. 
et  Moric,  A,  diversifolium,  Bl.  (OThalm.  * quinquefolium'),  Cheirodendron  Gaudi- 
chaudii.  Seem.,  Cussonia  spicata,  Thunb.,  C.  umbellifera,  Sond.,  Delarbrea  collina, 
VieilL,  Didymopanax  vinosus,  March.,  Gastonia  dui>licata,  Pet.-Thouars,  Gilibertia 
laurifolia,  March.,  Meryta  microcarpa,  BaiU.,  Myodocarpus  pinnatus,  Brongn. 
et  Gris.,  Nothopanax  arboreus.  Seem.,  Reynoldsia  sandwicensis,  A.  Gray,  Schefflera 
tomentosa.  Harms,  Tetrapanax  papyri fer,  Koch ;  a  1-2-layered  hypoderm,  in 
Cheirodendron  platyphyllum.  Seem.,  Eremopanax  otopyrenus,  Baill.,  Oreopanax 
Rusbyi,  Britt.,  Schefflera  Volkensii,  Harms ;  a  2-layered  hypoderm,  in  *  Aralia 
trifoliata,'  Didymopanax  Morototoni,  Decne.  et  Planch.,  Pterotropia  kavaiensis, 
Hillebr.,  Tetraplasandra  meiandra,  Hillebr. ;  a  2-3-layered  hypoderm,  in  Tupidan- 
thus  calyptratus.  Hook.  f.  et  Th. ;  a  3-lay;ered  hypoderm,  in  Apiopetalum  velutinum, 
Baill.  (cells  7-8  times  the  size  of  the  epidermal  cells) ;  a  4-5-layered  hypoderm  in 
Gastonia  cuHspongia,  Lam. 

Viguier  mentions  the  occurrence  of  hypoderm  also  in  the  following  species, 
which  have  not  been  named  in  the  precedmg  paragraph :  Apiopetalum  glabratum 
(3-4-layer^),  Cussonia  vantsilana,  Eremopanax  Balansae  (2-layered),  Fatsia 
japonica  (locally),  Mackinlaya  macroSciadea  (3-layered),  Mesopanax  capitatum, 
Myodocarpus  crassifolius,  M,  floribundus,  Nothopanax  simplex  (locally),  Oreopanax 
Sanderi  (i-layered),  O.  xalapense  (2-3-layered),  Pseudopanax  Lessonii,  Pterotropia 
dipyrena,  Schefflera  Humblotiana  (situated  on  both  sides,  and  composed  of  one 
or  two  layers  of  lignified  cdls),  Sciadopanax  Grevei,  Tieghemopanax  Weinmanniae  ; 
Holtermann  also  records  hypodenn  m  Heptapleurum  emarginatum  (2-3-layered, 
as  in  H .  siellatum). 

Oxalate  of  lime  is  found  not  only  in  the  form  of  clustered  and  ordinary 
solitary  crystals,  but  also  as  crj^tal-sand  and  prismatic  crystals.  Cells  con- 
taining crystal-sand  have  been  oteerved  in  the  mesophyU  in  Apiopetalum 
velutinum,  Baill.,  Boerlagioderdron  Warburgii,  Harms,  Motherwdlia  haplo- 
sciadea,  F.  v.  Miill.  and  Tetraplasandra  meiandra,  Hillebr. ;  the  crystal-sand 
is  composed  of  fine  grains,  and  includes  clustered  crystals  in  the  species  of 
Boerlagiodendron  and  Tetraplasandra  just  named.  The  clustered  crystals 
found  in  the  pith  are  occasionally  gnimose,  while  those  in  the  mesophyU  in 
some  cases  attain  a  considerable  size.    Ordinary  solitary  crystals  are  of  much 
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more  frequent  occurrence  than  was  formerly  supposed.  The  epidermis  of  the 
leaf  contains  clustered  crystals  also  in  Acanthopanax  sessiliflorus^  Seem,  and 
Pset4dosciadium  Balansae^  Baill.»  the  above-mentioned  prismatic  crj^tals  in 
species  of  Astrotricha,  and  ordinary  solitary  crystals  in  Eremopanax  oiopyrenus, 
BaiU.y  as  well  as  in  AcatUhopanax  ncinifciius^  S.  et  Z.»  Arthrophyllum  diversi- 
folium^  Bl.  and  Kalopanax  ricinifolius^  S.  et  Z.  (in  the  last-named  species  in  the 
epiderm  is  covering  the  veins  of  the  leaf).  Clustered  crystals,  lastly,  are  found 
also  in  the  hypoderm  in  ApiopekUum  vdutinum,  Cheirodendron  plaiypkyUum^ 
Polyscias  farinosa  and  Tuptdanthus  calyptratus. 

We  have  next  to  consider  the  secretory  canals  found  in  the  vdns  of  the 
leaf  (see  p.  428).  According  to  Giissow,  they  are  confined  to  the  midrib  also 
in  AcatUnopanax  petUaphyUus,  March.,  Aralia  dasyphylla,  Miq.,  A,  humilis, 
Cav.,  Cussonia  spicata,  Thunb.,  and  PetUapanax  angdidfolius^  Griseb.,  while 
they  appear  to  be  absent  in  the  leaves  of  Polyscias  farinosa^  Harms,  P.  safkbud- 
folia.  Harms,  Pseudopanax  laeUvirens,  Benth.  et  Hook.,  and  P.  valdiviensis, 
Benth.  et  Hook.  According  to  Giissow,  secretory  cavities,  resembling  those 
of  Gilibertia,  but  of  small  size,  are  found  in  the  mesophyll  in  Cussonia  ufkbeUi- 
fera,  Sond.,  Eremofanax  oiopyrenus^  Baill.,  HeUropanax  fragrans.  Seem., 
Kissodendfon  aus^alianum.  Seem,  and  Pseudosciadium  Balansae,  BaiU. ;  they 
do  not  give  rise  to  transparent  dots^.  Gilibertia  proUa,  Harms  (see  p.  429), 
which  differs  from  the  other  species  of  the  ^enus  in  not  having  secretory 
cavities,  is  placed  by  Viguier  in  the  new  genus  Mesopanax,  which  also  includes 
certain  species  of  Oreopanax. 

The  most  important  feature  of  the  hairy  covering  is  the  absence  of  uni- 
cellular hairs  and  of  typical  external  glands.  Giissow  records  shaggy  hairs 
(the  terminal  cells  of  which  are,  however,  not  glandular)  in  Acamhopanax 
sessilifoliuSf  Seem.,  Aralia  nudicaulis,  L.,  Kalopanax  ricinifolius,  S.  et  Z. 
and  Stilbocarpa  polaris,  Decne.  et  Planch.  Two-armed  hairs,  like  those  of 
Didymopanax  longepeiiokUus,  are  found  also  in  D.  Morototoni,  Decne.  et  Planch, 
and  Z>.  vinosus,  March.  According  to  Gussow,  tufted  and  stellate  hairs  are 
widely  distributed.  Scale-Uke  trichomes,  having  the  same  structure  as  the 
peltate  hairs  of  Hedera  Helix,  but  small  and  orange-coloured,  occur  in  Oreo- 
tanax  xalapensis,  Decne.  et  Planch.,  while  uniseriate  clothing  hairs,  which 
nave  thin  walls  and  are  occasionally  branched,  are  found  in  Kalopanax  ridni- 
folius,  S.  et  Z.  Viguier's  statements  about  the  trichomes  are  too  vague  to 
demand  further  consideration. 

The  petiole  (cf.  p.  430)  has  recently  been  subjected  to  a  very  thorough 
investigation  by  Viguier.  The  normal  vascular  bundles  of  the  petiole  are 
generally  arranged  in  a  ring,  rarely  in  the  form  of  a  horseshoe  (as  in  Pseudo- 
panax pro  parte,  or  Apiopelalum).  They  are  either  quite  distinct  from  one 
another  or  are  united  by  an  inner  or  outer  ring  of  sclerench5miatous  fibres ; 
in  some  cases  (as  in  Tupidanihus)  they  are  embedded  in  a  special  ring  of 
lignified  parench}miatous  tissue.  The  number  of  bimdles  is  for  the  most  part 
rdatively  large,  but  in  Astrotricha  ledifolia  there  are  only  three  vascular 
bundles,  which  almost  touch  one  another.  In  Oreopanax  {  Digiiatae,  and 
Macropanax  the  vascular  bundles  of  the  normal  ring  are  alternately  large  and 
small.  Other  anatomical  features  of  the  petiole,  which,  besides  those  already 
named,  are  employed  by  Viguier  for  purposes  of  classification,  are  as  follows : 
the  occurrence  of  subepidermal  collenchymatous  tissue ;  cambial  activity  in 
the  vascular  bimdles  of  the  normal  ring  (particularly  marked  in  Detarbrea 
spectabUis) ;  the  distribution  and  size  of  the  resin-canals ;  the  occurrence 
of  a  central  lacuna ;    and  lastly,  the  development,  structure,  number,  and 


^  Vignier  (loc.  dt.)  does  not  meotion  these  features. 
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arrangeanent  of  the  medullary  vascular  bundles.  As  regards  the  latter  we  may 
note  that  in  some  cases  there  is  only  a  small  central  bundle  (e.g.  in  Anonuh 
4>afMX  and  Pseudosciadium) ;  in  other  cases  there  is  a  ring  of  medullary 
bundles  showing  inverse  orientation  of  the  wood  and  bast  (e.  g.  in  Aralia^ 
ArtkrophyUum^  Kissodendron^  and  Pentapanax)^  or  a  normally  orientated 
ring  of  medullary  bundles  with  the  xylem-groups  pointing  inwards  (e.  g.  in 
Cussonia  and  Gatnblea)  or  medullary  bundles  showing  an  irregular  arrangement 
of  the  wood  and  bast,  and  so  on.  ^  ^ 

Viguier  records  medullary  vascular  bundles  in  the  petiole  in  the  following 
l^enera:  Anomopanax  (i  vascular  bundle),  Apiopetalum  (some  of  the  bundles 
mversely  orientated,  others  irregularly  arranged),  Aralia  excl.  A.  ferox  (rachis 
contaimng  a  single  ring  of  inversely  orientated  bundles),  Arthrophyllum  (sii^e 
ring  of  inversely  orientated  bundles^,  Boerlagiodendron,  Brassaiopsis  (single  ring 
of  irregularly  arranged  bundles),  Cuphocarpus  (numerous  irregularly  arranged 
bundles),  Cussonia  (single  zing  of  normally  orientated  bundles),  Dtdymopanax 
(a  few,  more  or  less  coalescent  bundles),  Dizy^otheca  (outer  bundles  inversely,  inner 
bundles  normally  orientated,  or  two  rings  of  mversely  orientated  bundles),  Eremo- 
Panax  (numerous  scattered  bundles  in  the  petiole),  Gamblea  (single  ring  of  normally 
orientated  bundles),  Gastonia  (numerous  bundles  exhibiting  varied  orientation ; 
some  of  them  concentric  with  central  phloem),  Gilibertia  pro  parte  (a  lew  small 
inversely  orientated  bundles),  Heteropanax  (rachis  with  a  single  ring  of  inversely 
orientated  bundles,  which  are  intercalated  between  the  bundles  of  the  normal  ring), 
Kissodendron  (single  ring  of  inversely  orientated  bundles),  Mackinlaya  (irregulany 
and  inversely  orientated  bundles),  Meryta  (numerous  irregularly  arranged  bundles); 
Mesopanax  (a  few  irregularly  arranged  bundles  or  a  single  rmg  of  inversdy  orientated 
bundles),  Myodocarpus  (numerous  irre|^ularly  arranged  bundles,  occasionall}^  not 

Sominently  developed),  Octoiheca  (like  Dizygotheca),  Oreopanax  {  Digitatas 
ngle  ring  of  inversely  orientated  bundles),  Peniapanax  (single  ring  of  inversely 
orientated  bundles),  Plerandra  (normally  orientated  bundles),  Polyscias  (few  or 
many  irregularly  arranged  bundles),  Pseudapanax  pro  parte  (three  small  ncHmally 
orientated  bundles),  Pseudosciadium  (one  bundle),  Pteroiropia  (one  or  two  large 
bundles),  ScheffUra  (one  or  two  rings  of  inversely  orientated  bundles),  Sciadopanax 
(a  few  small  bundles),  StrohUopanax  (Uke  Meryta),  Teirapanax  (somewhat  irregu- 
larly arranged  bundles),  Tetraplasandra  (many  irregularly  arranged  bundles), 
Tieghemopanax  (numerous  irregularly  arranged  bundles),  Trevesia  (some  of  the 
bundles  mversely  orientated),  Tuptdanthus  (some  of  the  bundles  with  varied 
orientation,  others  inversely  orientated).  On  the  other  hand,  Viguier  states  that 
medullary  vascular  bundles  are  absent  in :  Acanthopanax,  Aralia  ferox ,  Astro- 
tricha,  Bonnierelia,  Cephalaralia,  Cheirodendron,  Delarbrea,  Echinopanax,  Fatsia, 
Gilibertia  pro  parte,  Hedera,  Macropanax,  Nothopanax,  Oreopanax  {  Lobatae, 
Panax,  Pseudopanax  pro  parte,  Stilbocarpa. 

According  to  Viguier,  medullary  resin-<:anals  are  found  in  the  petiole  in: 
Acanthopanax,  Anomopanax,  Arthrophyllum,  Cheirodendron,  Cuphocarpus,  Cussonia, 
Delarbrea,  Didymofianax  pro  parte,  Dizygotheca,  Eremopanax,  Gastonia,  Hetero- 
panax (rachis),  Kissodendron,  Machinlaya,  Macropanax,  Meryta,  Myodocarpus, 
Oreopanax  pro  parte,  Pentapanax,  Plerandra,  Polyscias,  Pseudosciadium,  Ptero- 
tropta,  Schefflera  pro  parte,  Sciadopanax,  Tetrapanax,  Tetraplasandra,  Tieghemo^ 
panax,  Trevesia  pro  parte,  Tupidanthus.  Regarding  the  arrangement  and  size  of 
the  resin-canals,  see  loc.  cit. 

The  CTeen  spots  occurring  on  the  petioles  and  on  the  veins  of  the  leaf  in  many 
species  of  Meryta  are  due  to  a  local  interruption  of  the  subepidermal  layer  of 
coUenchyma,  which  at  these  points  is  replaced  by  cells  with  green  contents.  The 
swellings  found  on  the  principal  veins  and  on  the  larger  secondary  veins  in  Meryta 
and  in  StrohUopanax  are  mainly  caused  by  a  strong  development  of  the  inner 
ground  tissue,  which  is  differentiated  as  aqueous  tissue  at  these  points. 

3.  Structure  of  the  Axis.  Numerous  details  regarding  the  distribution 
of  the  resin-canals  in  the  various  tissues  of  the  axis  are  to  be  found  especially 
in  Viguicx^s  work.  According  to  him  the  most  important  systematic  point 
lies  in  the  presence  or  absence  of  resin-canals  in  the  outer  coUenchymatous 
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pocticm  of  the  primary  cortex  and  in  the  pith^.  Vignier  observed  radially 
elongated  secretory  cavities  ('  poches  s6crraices ')  in  the  broad  medullary 
rays  of  the  wood  <mly  in  Arthrophyllum  {A.  diversifoUum) ;  this  observatiixi 
requires  confirmation,  as  it  is  not  impossible  that  the  structures  in  question  are 
merely  resin-canals,  nmning  from  the  cortex  towards  the  pith. 

According  to  Gussow,  medullary  vascular  bundles  are  more  widely  dis- 
tributed in  the  axis  of  the  Araliaceae  than  was  previously  supposed.  This 
author  was  also  the  first  to  demonstrate  cortical  vascular  bundles  in  certain 
members  of  the  Order.  The  following;  synopsis  summarizes  the  results  of  his 
investigations  on  the  distribution  of  the  vascular  bundles  as  seen  in  the  trans- 
verse section  of  the  stem. 

I.  Only  a  single  ring  of  normally  orientated  vascular  bundles  (Le.  wi^  the 
bast  directed  outwards  and  the  wood  pointiiig  inwards)  is  found  in  certain  species 
(which  are  named  on  pp.  29,  30  of  the  paper  cited  below)  of :  Acanthopanax,  Aralia^ 
Asirotricha,  Cheirodenaronf  Didymopanax,  Fatsia,  GiliberHa^  Hedera,  HarsfiMia^ 
Kalopflnax,  Macrapanax,  Machinlaya,  MotherweUia^  Notkapanax,  Oligoscias^  Panax^ 
Polyscias,  Porospermum,  Pseudopanax,  Pseudosciadiumf  Schefflera  and  Te^a* 
plasandra, 

II.  In  addition  to  the  normally  orientated  riag  of  vascular  bundles  there  is  a 
medullary  ring  showing  inverse  orientation  {Unih  bast  on  the  inner  and  wood  on  the 
outer  side)  in:  A r alia  chinensis,  L.  (in  this  species  there  are  also  numerous  small 
vascular  bundles  showing  irregular  arrangement  of  the  wood  and  bast  between  the 
two  rings),  A,  dasyphylla,  Miq.,  Arthrophyllum  pinnalnm,  Clarke  and  Er&mopanax 
cflopyrenuSy  BailL 

III.  In  addition  to  the  normal  ring  of  bundles  there  is  a  medullary  ring,  which 
is  likewise  normally  orientated,  in :  Arthrophyllum  diversifolium,  BL  and  Cussonia 
spicala,  Thunb. 

IV.  Besides  the  normal  ring  and  a  ring  of  medullary  bundles  at  the  periphery 
of  the  pi^  (which  is  normally  orientated  ?,  see  Gussow,  loc  cit.,  p.  30),  scattered 
vascular  bundles  with  irregular  orientation  of  the  wood  and  bast  are  found  in  the 
pith  in :  Aralia  cordata,  Thunb.,  A.  hu$mlis,  Cav.,  Didymopanax  Morototonip  Decne. 
et  Planch.,  D.  vinosus,  March.,  Kissodendron  australianum.  Seem.,  Pterotropia 
kavaiensiSf  Hillebr. 

V.  In  addition  to  the  normal  rinf  of  vascular  bundles  the  pth  contains  scattoed 
bundles  with  irre^^ular  orientation  of  the  wood  and  bast  in :  Gastonia  cuHspongia, 
Lam.,  Meryta  mtcrocarpa,  Baill.,  Plerandra  Stahliana,  Warb.,  Polyscias  farinosa. 
Harms,  Trevesia  palmata^  Vis. 

VI.  Besides  the  normal  ring  of  bundles  there  are  cortical  vascular  bundles 
in :  Apiofetalum  velutinum^  BailL,  Brassaiopsis  Hainla^  Seem.,  Cussonia  umbeUi- 
ferat  SoncL»  Delarbrea  collitM,  \^eilL,  Heteropanax  fragransy  Seem.,  Myodocarpus 
pinnatus,  Brongn.  et  Gris.,  Oreopanax  xalafensis^  Decne.  et  Plandi.,  O.  Rusoyi, 
JBritt.,  Pentapanax  angelicifolius,  Griseb.,  Sttlbocarfa  polaris,  Decne.  et  Planch.  (?). 

VII.  In  addition  to  the  normal  ring  of  bundles  both  medullary  and  cortical 
vascular  bundles  are  found  in :  Aralia  racemosa,  L.,  Boerlagiodendron  Warbtirgii, 
Harms,  Brassaiopsis  speciosa,  Decne.  et  Planch.,  Tupidanthus  calyptratus,  Hook. 
1  etTh. 

Viguier,  on  the  other  hand,  who  likewise  examined  the  structure  of 
the  axis  in  abundant  material  comprising  niunerous  genera  and  species 
and  to  whom  GiissoVs  work  was  unfortunately  unknown,  demonstrated 
medullarv  vascular  bundles  (constituting  a  single  ring  with  inverse  orienta- 
tion) only  in  the  vegetative  axes  of  certain  species  of  Aralia,  which  he 
groups    together    as   Euaralia   {A.    cachemirica,   A.    chinensis,   A.    cordaia, 

^  Vi^er  demonstrated  medollarj  resin-canmls,  which  exhibit  di?ene  anangement  (viz.  scattered 
in  the  pith  or  occnpyiog  a  perioheral  position  and  in  the  latter  case  sometimes  in  contact 
with  the  protoxylem  of  the  ring  of  bundles)  and  vary  in  number  and  size,  in  species  of  the  following 
genm:  Aca$Uhopanax,  AmrnopofiaXy  Aptopetaluniy  Aralia,  Arthrophyllum^  BmmertUa, 
CheirodtHdroH,  Cuphocarfus,  Cussmia^  Didymopanax,  Eremopattax,  Gilihertia^  ffarmsiopsis, 
Hedera,  Kissodendron^  Macropanax,  Mackinltyta,  Meryta,  Myodocarpus,  Oreopanax,  Ptmtapammx, 
Pofyscias,  Pseudosciadium,  Sckeffltra,  Tiighimopimax,  Tupidanthus. 
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A.  dasyphyUa^  A,  hispida^  A.  kypoleuca,  A.  motUana^  A.  iwdicauUs,  A.  spinosa 
and  A.  urHcaefolia,  but  not  in  A.  ferox),  as  well  as  in  the  axis  of  inflorescence 
of  Didymopanax  MoroioUmi^  Kissodendran  anstralianum  and  Polyscias  nodosa  ; 
it  remains  an  open  question  whether  medullary  bundles  occur  also  in  the 
vegetative  axes  of  the  three  species  last  named.  Viguier  records  cortical 
vascular  bundles  (leaf-trace  bundles  belonging  to  leaves  situated  higher  on  the 
axis)  only  in  Oreopanax.  Giissow's  statements  therefore  still  require  con- 
firmation^. 

The  bundles  of  the  normal  vascular  ring  are  no  doubt  always  simple  and 
coUatieral'.  According  to  Viguier,  more  or  less  stronglv  developed  groups  of 
pericydic  bast-fibres  are  found  on  the  outer  side  of  the  bundles  m  most  of  the 
s|>ecies,  but  in  some  cases  (e.  g.  in  Falsia  japonica  and  species  oiEchinopanax^ 
GiUherHa,  Nothopanax  and  Panax)  there  is  no  sderenchyma  in  the  pericycle. 
The  perimedullary  tissue  on  the  inner  side  of  the  vascular  bundles  is  occa- 
sionally lignified  or  includes  arcs  of  fibres  similar  to  those  found  in  the  pericycle 
(e.  g.  in  Acanihopanax  divaricaius). 

According  to  Giissow*,  the  first  cork  invariably  develops  superficially,  for  the 
most  part  in  the  first  layer  of  primary  cortical  cells,  more  rarely  in  the  epidermis 
(Api(ypetalum  vdtUinum^  Baill.,  Ddarbrea  colUna,  Vieill.,  Macropanax  undu- 
laiusy  Seem.,  Polyscias  xanihoxyloides^  Harms).  The  cells  of  the  cork  often 
have  thin  walls ;  in  Aralia  humilis^  Cav.  some  of  them  exhibit  a  palisade-like 
elongation  ;  in  other  cases  the  cork-cells  are  thickened  on  the  tangential  walls 
(species  of  Cussonia,  Giliberiia^  Oreopanax,  Schefflera)  or  on  all  sides  (Pseudo- 
panax  laeUvirenSy  Benth.  et  Hook.) ;  thick-walled  sclereids  are  found  in  the 
cork  in  Oreopanax  xalapensis,  Decne.  et  Planch,  and  Polyscias  xanikoxy- 
loides.  Harms.  Certain  species  have  a  more  or  less  closed  ring  of  stone-ceUs 
belonging  to  the  phelloderm.  Stone-cells  likewise  occasionally  occur  in  the 
primary  cortex,  but  the  characteristic  mechanical  tissue  of  the  latter  is 
coUenchyma,  which  is  rarely  absent  and  for  the  most  part  forms  a  com- 
pletely closed  ring,  5-6  layers  of  cells  in  thickness,  in  {be  outer  portion  of  the 
primary  cortex. 

The  following  additional  details  regarding  the  structure  of  the  wood^ 
are  based  on  Giissow's  statements  '.  The  medidlary  rays  vary  from  one  to  seven 
cells  in  breadth.  Spiral  thickening  of  the  walls  of  the  vessels  has  been  demon- 
strated in  Aralia  humilis^  Cav.,  Astrotricha  floccosa,  DC,  A.  ledifolia^  DC.  and 
Nothopanax  diversifolius^  Harms ;  the  perforations  in  the  vessels  show  a  transi- 
tion to  the  scalariform  type  also  in  species  of  Horsfieldia,  Trevesia  and  Tupi- 
danthus.  The  wood-parenchyma  is  mostly  restricted  to  the  neighbourhood 
of  the  vessels,  although  it  is  occasionally  developed  in  greater  abundance, 
e.g.  especially  in  Nothopanax  diver sijolius.  Tracheids  are  absent.  Gussow 
invariably  found  simple  pits  on  the  wood-prosenchyma.  The  same  authoiity 
observed  septation  of  the  wood-prosenchyma  together  with  storage  of  starch, 


'  Giissow  gives  no  details  as  to  the  exact  nature  of  the  material  employed  in  his  investigations 
of  the  stem.  From  what  has  beoi  mentioned  above  it  is  in  no  way  improbable,  that  Giissow's  state- 
ments in  part  at  least  refer  to  the  axis  of  inflorescence  and  not  to  the  vegetative  axis ;  nor  is  it  quite 
impossible,  that  Giissow  occasionally  investigated  petioles  in  place  of  axes. 

*  According  to  Giissow,  bicollateral  bundles  are  not  uncommon  in  the  Araliaoeae,  even  in  the 
normal  vascular  ring.  Among  the  species  enumerated  by  Giissow  (loc.  dt.,  pp.  ^  35)  in  this  rela* 
tioD  Panax  quinquefolius,  L.  {Aralia  qmnquefolius)  was  the  only  one  at  my  aisposal.  In  this 
^>ecies  the  outer  soft  bast  extends  round  the  body  of  the  wood  in  the  shape  of  a  horseshoe,  but  the 
bundles  are  not  typically  bicollateral. 

•  '  Regarding  the  material  on  which  Giissow's  investigation  of  the  axis  was  undertaken,  see  foot- 
note I,  alx>ve. 

*  Viguier  records  a  '  bois  homoxyl^ '  devoid  of  secoodaiy  vessels  in  Nothopanax  anomains  and 
JV,  microphyllus ;  thick  axes  were,  however,  not  examined  I 
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also  in  species  of  Arthrophyllum,  Didymopanax^  Eremopanax^  Gasionia^  GUiberHd^ 
Kalopanax,  Macropanax^  NMopanax,  OligosciaSy  Oreopanax,  Pseudopanax^ 
Sch^erOj  TupidatUhus^  &c. 

The  pith  consists  of  cells  with  thin  or  thickened  walls ;  starch  is  occa- 
sionally stored  in  the  peripheral  cells. 

Litenitiire:  Mobios,  Mecfaan.  Scheiden  der  Sekietbeh.,  Ber.  deatsch.  bot.  Gcsellsch.,  1S84, 
Genermlvenammlnngsheft,  p.  zxri.— C.  de  Candolle,  Infloresc  ^iphylles,  M^.  Soc.  de  ph^rs.  et 
d*hist  DAt.  Gen^e,  1890,  toI.  sappL,  icp.  copy,  p.  5  et  seq.—BarbCT,  Corky  excresc.,  Ann.  of  Bot*, 
ti,  i8oa,  p.  166.— Went,  Haft-  a.  Niihnmneln,  Amu  Jaidin  fiottenxorg,  zii,  1895,  pp.  55-6. — 
[ZancU,  Aeold,  Contriboz.  latit  bot  PakrmOy  ii.  1897,  p.  i  et  seq.]— Baxanetzky,  Faisc.  bicoU., 
Ann.  flc  nat.,  wtr,  8,  t  xii,  1900,  pp.  ^04-7.— Gossow,  Bcitr.  z,  TcrgL  Anat.  d.  Araliac,  Diw^  Breslaa, 
1900,  68  pp.,  I  Tab.— Petersen,  Vedanatomi,  1901,  p.  70. — Claoditz,  Blattanat.  canar.  Gew.,  Diss., 
Basel,  1901,  pp.  35-6  (^A^Smi).— [Chryiler,  Coitnd  cylinder  of  AraL  and  Liliaceae,  Bot  Gaxette, 
1904,  pp.  161-85.J— -Col,  Faiaceanz,  Ann.  tc.  nat,  i^r.  8,  t  xx,  1904,  especially  pp.  179-81. — 
Aiescfaong,  Trop.  ▼iiart.  bladbypn.,  Sv.  Vet  Akad.  HandL,  39,  n.  a,  1905,  pp.  150,  151  {Artkro- 
phyUum),^V\odoVij  Legnami,  KU.  Siena,  1906,  p.  132.— Vignier,  Recb.  anat  sor  la  clmaification  des 
Araliac,  Ann.  sc.  nat,  a^r.  9^  t  !▼,  1906,  pp.  i~ao7. — Holtermann,  Einflnss  des  Klimas,  etc^  1907, 
P*  135  {Heptapleurum),^-{¥m  further  literature,  see  p.  1169.] 

CORNACEAE  (pp.  432-439). 

1.  Review  of  the  Anatomical  Features.  On  the  basis  of  Wangerin's 
wcH-k  we  may  add  that  simple  perforations  occur  in  the  vessels  in  Kaliphara  also, 
crystal-sand  also  in  Kaliphora  and  Mdanophylla,  and  stellate  hairs  with  a 
varying  number  of  rays  (a  type  of  hair  new  to  the  Comaceae)  in  Alangium 
costatum,  Wangerin. 

2.  Structure  of  the  Leaf.  The  earUer  inexact  statements  on  the 
occurrence  of  papillose  epidermal  cells  (on  p.  433)  may  be  replaced  by  the 
following  details  quoted  from  Kdhne's  and  Sertorius'  observations. 

Papillose  development  of  the  upper  epidermis  is  found  in :  Garry  a  elliptica, 
Dougl.,  G.  flavescens,  Wats.,  G,  laurt folia,  Benth.,  G.  Lindheimeri,  Torr.,  G.  avata^ 
Benth.,  G.  Wrightii,  Torr.  (the  species  last  named  has  solid  peg-shaped  papillae), 
Marlea  begoniaefolia,  Roxb.,  M,  macrophylla,  S.  et  Z.,  M,  plaianifolia^  S.  et  Z.  and 
Comus  canadensis,  L.  In  Garrya  the  outer  walls  of  the  lower  epidermal  cells, 
like  those  of  the  upper  epidermis,  are  more  or  less  distinctly  papillose,  and  this  is 
even  the  case  in  species  which  show  no  tendency  to  form  papillae  on  the  upper 
side.  The  lower  epidermal  cells  are  slightly  papillose  also  in  Aticuba  japonxcoy 
Thunb.,  A.  himalaxca.  Hook,  f.,  Nyssa  capitata,  Walt.,  N.  uniflara,  Wang.,  Torri- 
cellia  tiliaefolia,  DC.,  Camus  altemifolia,  L.  f.,  C.  florida,  L.  and  C.  sMonifera, 
Michx.  In  other  species  of  Camus  the  lower  side  of  the  leaf  bears  distinct 
papillae,  which  are  generally  provided  with  a  corona  and  stand  in  connexion  with 
one  another  bv  means  of  reticulately  arranged  cuticular  rid^ ;  these  species 
are :  C.  alba,  L.,  C.  asperifolia,  Michx.,  C.  brachypoda,  C.  A.  Mey.,  C.  califomica^ 
C.  A.  Mey.,  C.  candidtssima.  Mill.,  C.  capitata,  WalL,  C.  circinata,  L'H6rit.,  C. 
disciflora,  DC.,  C.  Hessei,  Kohne,  C.  ignorata,  Koch,  C.  macrophylla.  Wall.,  C. 
oblonga,  WalL,  C.  paniculaia,  L*H6rit.,  C.  pubescens,  Nutt.,  C.  Purpusi,  Kohne, 
C.  sibirica,  Loddig.,  and  C.  tatarica.  Mill. 

In  Mastixia  Cambodianay  Pierre  the  petiole  is  suppUed  by  three  vascular 
bundles  which  ultimately  form  a  central  cylinder  (Pierre). 

3.  Structure  of  the  Axis.  According  to  Wangerin,  the  cork  also  arises 
in  the  subepidermal  layer  of  cells  in  Kaliphora  and  Melanophylla.  The 
same  author  states  that  the  vessels  of  the  secondary  wood  have  simjde 
perforations  in  Kaliphora,  and  scalariform  perforations  in  MdanophyUoy  as 
well  as  in  Alangium  {Marlea)  Mezianum,  Wangerin  and  A.  cosUOum,  Wangerin. 

According  to  Pierre,  Maslixia  Cambodianay  Pierre,  like  the  other  species 
of  Mastixia,  is  distinguished  by  having  medullary  secretory  canals  and  by  the 
stratification  of  the  phloem  into  hard  and  soft  bast. 
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Literature :  Pierre,  Flore  forest,  de  U  Cocbinehine,  xvii,  1892.— .[Tognini,  Stomi,  Atti  Ist.  bot 
Pavia,  1894.]— Kohne,  PapilL  u.  oben.  Spaltofih.,  Mitteil.  deatich.  dendrolog.  Gesellich.,  1899, 


Theorin,  Vaxttrichom.,  Arkiy  for  Bot,  i,  1905,  p.  159. — SiSaKngnth,  Behaamngsverh.  d.  Wnnburger 
Mnschelkalkpfl.,  Diss.,  Wiirzbnrg,  1904,  p.  35.— Picdoli,  L^nami,  BnlL  Siena,  1906,  p.  163.^ 
Wangerin,  Umgrenz.  u.  GliedeniDg  d.  Fam.  d.  Comae.,  Ditt.,  Halle,  1906,  9a  pp.,  especially 
pp.  50,  65,  72,  79  and  83 ;  sep.  copy  from  Eogler,  Bot  Jahrb.,  xzxviii. 


CAPRIFOLIACEAE  (pp.  439-444). 

1.  Review  of  the  Anatomical  Features.  The  mention  of  Adoxa 
among  the  exceptions  to  the  '  occurrence  of  glandular  hairs '  must  be  cancelled. 

2.  Structure  of  the  Leaf.  The  mesophyll  also  includes  arm-paU- 
sade  parenchyma  in  Adoxa  MoschateUina  (here  composed  of  low  cells,  Ls^er- 
bei^g)  and  Viburnum  f>auciflorum  (Schwartz-Clements).  Papillose  differentia- 
tion of  the  epidermis  is  found  on  both  sides  of  the  leaf  in  Lonicera  syringanihay 
Majdm.  and  L.  tomenteUa^  Hook,  f .  et  Th,,  on  the  upper  side  only  in  L,  arborea 
Boiss.  and  L.  Standishi^  Carr.,  and  on  the  lower  side  only  in  L,  flaribunda^ 
Boiss.  et  Buhse,  L,  ru^icolay  Hook.  f.  et  Th.  and  L.  Zabeli^  Rheder ;  in  Sym- 
phoricarpus  Heyeri^  Dipp.  and  S.  occidentalism  Hook.»  thick  conical  papillae 
occur  in  the  neighbourhood  of  the  stomata,  while  in  5.  orbiculatus^  Moench, 
there  are  weakly  developed  papillae  on  the  lower  side  of  the  leaf  (Kdhne). 
The  stomata, — and  more  emphasis  can  be  laid  on  this  point  than  fwmerly, — ^are 
in  no  case  exclusively  provided  with  subsidiary  cells  of  the  Rubiaceous  type. 

The  club-shaped  external  glands  found  on  the  leaves  of  Adoxa  are  pro- 
vided with  a  short  stalk  consisting  of  2  or  3  cells  and  a  bicellular  head  divided 
bv  a  vertical  wall  (Lagerberg).  Novak  had  previously  met  with  external 
glands,  with  more  numerous  ceUs,  at  the  base  of  the  petals. 

3.  Structure  of  the  Axis.  The  vascular  system  in  the  rhizome  of  Adoxa 
MoschateUina  consists  of  two  collateral  arc-shaped  vascular  bundles,  which  are 
enveloped  by  a  narrow  parenchymatous  pericycle,  an  e^dodermis  provided  with 
Caspary's  dots  and  a  cortex  rich  in  starch.  It  is  noteworthy  that  even  the  pitted 
tracheae  are  devoid  of  perforations,  so  that  they  are  merely  elongated  tracheids. 

Literature:  Costantin,  Tiges  a^r.  et  sout.,  Ann.  sc.  nat,  s^r.  6,  t.  xvi,  1883,  p.  73  et  seq. 
— Kamier,  Mark,  Diss.,  Breslau,  1884,  pp.  15-16. — Nancke,  Dikotyle  Holzpfl.,  Diss.,  Kdnigsbeig, 
1886,  p.  3i.~Aufirecht,  Extraflorale  Nektar.,  Diss.,  Ziirich,  1893,  p.  35  et  seq.  {Vi^rtmm  Opuius). 
— Hartwich,  Falsche  Senegaworzel,  Ardiiv  d.  Pharm.,  333,  1895,  pp.  131-3  and  Tab.— {Sayre, 
Vidumum,  Americ.  Joam.  Pharm.,  1895,  p.  465.] — [Mdller,  Attichwnrzel,  Pharm.  Pott,  1895, 
p.  113  et  seq.] — {Dermiston,  Comp.  stmct.  of  the  iMirks  of  cert  Americ.  Viburnums,  Phann. 
Archives,  i,  1898.J— Kohne,  PapilL  n.  obers.  Spaltof&a.,  Mitteil.  dentKh.  dendrolog.  Gesellsch., 
'^  )9,  p.  60. — ^Tnnmann,  Sekretdriisen,  Diss.,  Bern,  1900,  pp.  43,  44. — ^Petersen,  Vedanatomi,  1901, 
>  87-93. — Clanditz,  Blattanat  kanar.  Gew.,  Diss.,  Basel,  1903,  pp.  36,  37  {yUmmum), — Knothe, 


1899,  p.  60. — ^Tnnmann,  Sekretdriisen,  Diss.,  Bern,  1900,  pp.  43,  44. — ^Petersen,  Vedanatomi,  1901, 
pp.  87-93. — Clanditz,  Blattanat  kanar.  Gew.,  Diss.,  Basel,  1903,  pp.  36,  37  {yUmmum), — Knothe, 
Unbenetzb.  Bl.,  Diss.,  Heidelbei^,  1903,  p.  9. — [Novak,  Adoxa  MoschaielUMa,  in  Theodora 
Novaka  stati  nylerani,  Prag,  1903,  pp.  148-60  (Bohemian ;  abstr.  in  Bot  CeatralbL,  xc,  p.  546).] 
-^Thonvenin,  Glandes  p^t.  da  Vtliirnum  Opuius,  Revue  g^.  de  bot.,  xv,  1903,  pp.  97-103.--C0I, 
Falsoeaoz,  Ann.  sc.  nat,  s^r.  8,  t  xx,  1904,  pp.  139  and  133. — Laraberg,  Adoxa  MoschateUina, 
Aridv  n)r  Bot,  iii,  1904,  sep.  copy,  38  pp.  (Swedish).— Paoli,  Eterofillia,  Nnovo  Giom.  bot  Ital., 
xi,  1904,  p.  336.---Siissenguth,  Behaanmgsverh.  d.  Wttrzb.  Mnschelkalkpfl.,  Diss.,  Wiirzbnrg,  1904, 
p.  35. — Theorin,  Vaxttrichom.,  Aridv  tor  Bot.,  iii,  n.  5,  1904,  p.  6. — Guttenberg,  Uchtsinnesorg., 
Ber.  dentsch.  bot  Gesellsch.,  1905,  p.  365  et  seq.  and  Tab.  x,  xi. — Haberlandt,  Li<£tsinnesorg.,  1905, 
p.  69  and  Tab.  L — Schwartz-Clonents,  Relation  of  leaf-stmctnre  to  phys.  fact.,  Transact  Americ. 
Microscop.  Soc.,  1905,  p.  63,  pL  vii,  5  a. — Danphin^,  Rhizomes,  Ann.  sc.  nat^  wht.  9,  t  ill,  1906, 
P-  359  {Adoxa).^f\odo\\,  L^:nami,  Bull.  Siena,  1906,  pp.  153  and  156.— [For  further  literature, 
seep.  1 169.] 


Digitized  by 


Google 


9SO  ADDENDA 


RUBIACEAE  (pp.  444-454). 

2.  Structure  OF  THE  Leaf  ^  Centric  structure  with  two  layers  of  palisade- 
cells  on  both  sides  of  the  leaf  occurs  for  instance  in  Aspertda  cynanckUa 
(NetoUtzky)y  while  in  Borreria  verticillata  the  mesophyll  is  homogeneous 
(Saint-Just).  Numerous  papillae  are  found  on  the  upper  epidermis  above 
the  larger  veins  in  Galium  cruciatum^  Scop,  and  G.  pedcmontanum,  AIL  (Neto- 
Utzky) ;  hypoderm  is  developed  on  the  upper  side  of  the  leaf  in  Crateri' 
spermum  mtcrodon  (Fabricius),  as  well  as  in  Cinchotia  caloptera^  Miq.,  Hydno- 
pkytum  formicarumy  Jack,  Myrmecodia  echituUa,  Gaud.,  and  Scyphiphara 
caryophyUaceOf  Gaertn.  (Areschoug)  and  in  Leucocodon  reticulaium  (Holter- 
mann).  Sclerench3anatous  fibres  running  freely  in  the  mesophyll  are  mentioned 
by  Fabricius  as  occurring  in  a  plant  described  as  *  Pyrostria  sp.  n.'  and  one 
incorrectly  determined  as  Gardenia  Annae\  while  Frdhner  records  them  in 
Coffea  brachyphyllay  Radlk.  and  C.  Zangziebariae,  Lour.  For  the  structure  of 
the  rolled  leaves  of  Anthospermum  and  Nenax^  see  Knoblauch,  loc.  cit. 

To  the  section  on  the  hairy  covering  (p.  447)  we  may  first  add  that  the 
bent  unicellular  hairs,  found  in  the  Stellatae,  are  not  always  typical  hooked 
hairs,  i.  e.  curved  like  the  horn  of  a  chamois,  but  are  sometimes  merely  hamose 
or  sickle-shaped  (Netolitzky).  Glandular  shaggy  haiis  of  somewhat  simpler 
structure  than  those  depicted  in  Fig.  loi  A  have  been  observed  by  Mardner 
in  Galium  antarcticum^  Hook,  f.,  where  they  lie  at  the  base  of  the  four  leaves 
of  the  whorl,  and  by  Holtermann  in  Hedyoits  verticillaris,  where  they  are  found 
at  the  bases  of  the  leaves,  which  are  here  united  to  form  a  small  ochrea ;  these 
glands  therefore  occur  also  on  the  lamina  of  the  leaf.  Regarding  the  glandular 
shaggy  hairs,  see  also  Mastrostefano  and  Mirabella,  U.  cc. 

Elongated  secretory  sacs  having  wide  lumina,  filled  with  bright  brown 
contents,  are  found  also  in  the  veins  of  the  leaf  in  Pyrostria  (Fabncius^,  and 
secretory  sacs,  like  those  present  in  the  cortex  of  Cinchona^  occur  also  in  the 
cortex  of  Corynanthe  Johimbe,  K.  Sch.  (Gilg) ;  epidermal  secretory  sacs  are  found 
at  the  apex  of  the  leaf  in  Galium  hirsutum^  Kuiz  et  Pav.  (Weberbauer) ;  the 
weU-known  elongated  secretory  sacs  of  the  Cinchonas  are  present  also  in  the 
pith  (Meyer).  Saint-Just's  statement  as  to  the  occiurence  of  *  canaux  sfar^ 
teurs '  in  ManeUia  luteo-rubra  is  certainly  incorrect ;  the  same  author  records 
secretory  cells  in  species  of  Barrena^  Coprosmay  Ernodea,  HoffmanniOy  Morinda^ 
Palicoureay  Spermacoce  and  Vangueria,  but  his  statements  on  this  subject  are 
inexact  and  hence  scarcely  reliable,  so  that  we  can  do  no  more  than  briefly 
mention  them  (see  also  under  *  secretory  cells  filled  with  brown  contents  *  on 
p.  448).  Netolitzky  associates  with  the  secretory  organs  peculiar  groups  of 
strongly  enlarged  epidermal  cells,  which  have  greenish,  strongly  refractive 
contents  in  the  form  of  small  drops,  and  occur  on  the  lower  side  of  the  leaf-tip 
in  certain  species  of  Galium  {G.  boreale,  L.,  G.  cruciatum.  Scop.,  G.  pedeman- 
ianum^  AU.,  G.  roiundifolium,  L.,  G.  rubioides,  L.).  We  may  likewise  include 
here  the  peculiar  crypts  found  by  Saint-Just  on  the  lower  side  of  the  leaf  in 
Coprosma  lucida^  but  not  very  accurately  described  by  him ;  these  structures, 
which  occur  at  the  base  of  the  secondary  veins,  are  lined  with  a  two-layered 


^  Our  knowledge  of  the  structure  of  the  leaf  in  the  Rnbiaoeae  is  still  very  insufficient.  Netolitzky 
has  recently  investigated  the  anatomy  of  the  leaves  of  the  endemic  Stellatae.  The  statenients  in 
Saint- Just's  paper,  which  also  deals  with  this  Order,  are  unfortunately  very  inexact  and  in  part 
incorrect ;  moreover  some  of  his  plants  are  certainly  incorrectly  determined,  as  may  be  concluded 
from  the  mode  of  deposition  of  oxalate  of  lime. 

'  In  view  of  me  presence  of  the  characteristic  crystal-hairs  this  plant  must  ht  one  of  the 
Guettardeae.  The  *  secretory  cells  with  dark  granular  contents  *  observed  by  Fabricius  are  doubtless 
sacs  oootaining  cry8tal*sand. 
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epithelium  of  elongated  palisade-like  cells,  and  open  towards  the  outside  -by 
means  of  a  narrow  aperture,  covered  in  by  trichomes. 

To  the  synopsis  of  the  diverse  crystaUine  forms  in  which  oxalate  of  lime  is 
deposited  in  the  genera  of  the  Rufaiaceae  (pp.  450,  451)  we  may  add:  Under 
I.  Crystal-sand:  after  Condamineai  Carynanthe ;  farther,  mider  'together  with 
the  crystal-sand,  clustered  crystals' :  CinchatM.  Under  II.  Raphides  :  after  Cruch- 
shanksia  in  brackets :  C.  MontHana,  Gav ;  further  at  the  points  determined  by 
the  alphabetical  secjuence:  Coprosmaf  Hydnophytum^  Myrmecodia  and  Oreopolus 
{Cruckshanksia  elacuUis,  Poepp.),  Under  III.  Clustered  ciystals :  Pyrostria.  We 
may  also  note  mat  in  some  cases  there  are  no  raphides  in  the  raphide-sacs,  so  that 
the  latter  are  accompanied  by  mudlage-sacs  (e.  g.  commonly  in  the  leaf  of  Asperuia 
odarata,  L.). 

Netolitzky  met  with  sphaerocrystalline  masses  having  the  appearance  of 
hesperidin-crystals  in  alcohol-material  and  glycerine-preparations  of  many 
of  the  Stellatae  (e.g.  Galium  lucidum.  All.  and  G.  palustre,  L.).  In  the  bast 
of  some  kinds  of  Cf  nc/kma-bark,  which  are  rich  in  alkaloid,  the  latter  occa- 
sionally crystallizes  out. 

3.  Structure  of  the  Axis.  According  to  Saint- Just,  the  cork  develops 
superficially  (viz.  in  the  subepidermal  layer  or  in  the  second  layer  of  primary 
cortical  ceUs)  in  the  species  of  Chione,  Faramea^  Gardenia^  Genipa^  GueUarda, 
IxorUf  Lau^ueria^  Pentas,  Randia^  Rondeletia^  Rudgea^  Sirumpfia  examined 
by  him,  while  it  arises  in  the  pericycle  in  the  species  of  Coprosma,  LeptodemUs 
and  Paederia.  In  the  species  of  Chitnarrhis,  Faramea^  GueUarda^  Hamelia^ 
HypHantheray  Ixora^  Morinday  Mussaenda,  Paederia,  PaveUa,  Plecironia, 
Posoqueria,  Psathutay  PsychotriOy  Urophyllum  and  Vangueria  investigated  by 
Pitard  the  pericycle  contains  isolatea  bundles  of  bast-fibres ;  the  latter  are 
wanting,  however,  in  the  officinal  Cinchona-hark.  As  regards  the  structure  of 
the  wood  we  may  mention  that  Craterispcrmutn  microdony  Bak.,  like  the  other 
Vanguerieae,  has  simple  perforations  in  the  vessels  and  wood-prosenchyma 
beanng  bordered  pits  (Ursprung). 

According  to  Goldstein,  cortical  vascular  bundles  showing  concentric 
structure  are  found  in  Sickin^ia.  Baranetzky's  statement  as  to  the  occurrence 
of  bicoUateral  vascular  bundles  in  a  member  of  this  Order  (Plectronia  ventosa) 
is  incorrect ;  the  plant  examined  by  him  is  not  Plectronia  ventosa^  nor  even  one 
of  the  Rubiaceae  (Solereder). 

Literature:  Costantiii,  Tiges  a^r.  et  soot.,  Ann.  sc.  nat,  i^.  6,  t  xvi,  1883,  p.  142  ec  seq. — 
Goldstein,  Rinde  Ton  Arariba,  etc,  Diss.,  Erlangen,  1892,  30  pp.,  a  Tab. — Brandt,  Wenig  bek. 
Rinden,  Diss.,  Dorpat,  1894,  p.  5a  et  seq.--[Tognini,  Stomi,  Attilst  bot  Pavia,  i8q^  ]— Joosson, 
Anat  Ban  d.  Bl,  Acta  Univ.  Land.,  xxzii,  2,  1896. — Knoblanch,  5kolog.  Anat,  HabUitat-Schr., 
Tiibingen,  1896,  p.  9  et  seq.— Elfstrand,  Heilpfl.,  Ber.  dentsch.  pharm.  Gesellsch.,  1897,  p.  391 
(7'a/&iwrM).---rMastrostefano,  Stellate,  Bollett.  Soc.  Natural.  Napoli,  1897,  p.  75 ;  abstr.  in  Just, 
1898,  ii,  p.  270.J^[Mirabella,  CoUeteri,  Contrib.  Ist  bot  Palermo,  ii,  1897,  p.  15  et  seq. ;  abstr.  in 
Just,  1897,  i,  p.  513.]— Schubert,  Parenchymscheiden,  BoL  CentralbL,  1897,  iT,p.03.— Boergesen  og 
Paulsen,  Veget.  dansk-Ttstind.  Oer,  Bot  Tidsskrift,  zxii,  1898-9,  pp.  96,  97  {Randia  acuUata, 
L.). — Frobner,  Coffea^  in  Engler,  Bot.  Jahrb.,  xxy,  185)8,  p.  230  et  seq. — ^Tichomirow,  Mechan. 
Elemente  bei  Cinchona^  Bot  CentralbL,  1899,  i,  p.  60.— Baranetzky,  False.  bicolL,  Ann.  so.  nat, 
wh.  8,  t  xii,  1900,  pp.  292-4.~Charpentier,  Et.  anat  et  microchim.  d.  quinquinas  de  cult,  Thte, 
Paris,  1900,  CO  pp.,  a  pL — Gamper,  Angostnrarinden,  Diss.,  Ziirich,  1900,  pp.  6a,  63«— G.  Meyer, 
Anat  d.  auf  Java  kult  Cinchonen,  Zdtachr.  f.  Naturw.,  budi,  1900,  pp.  409-41 ;  Me  also  Hartwidi 
and  G.  Meyer,  in  Archiv  d.  Pharm.,  338,  1900,  p.  253.— Ursprung,  Anat  u.  Jahresringbild.  trop. 
Holzarten,  Diss.,  Basel,  1900,  pp.  23-5  {.Craterispermum  microdm,  Bak.).— Gilg  and  Schumann, 
Johimberinde,  Berliner  NotizbL,  iii,  na  25, 1901,  pp.  92-4 ;  see  also  Gilg,  in  Ber.  deutsch.  Pharm. 
Gesellsdi.,  i9oi,p.  212.— Pitard,  Pericycle,  Thte,  Bordeaux,  1901,  p.  91.— Areschoug,  Mangrovepfl., 
BibL  bot..  Heft  56, 1902,  pp.  52-5  and  Tab.  ▼,  vi.— BaigafU-Petrucd,  Legnami,  Malpiglda,  190a, 
p.  565  et  seq.  (Mussoineipsts^  San0Ciphalm).^CWvLdi\z^UitMiaX.  kanar.  Gew.,  Diss.,  &sel,  190a, 
PP*  3^9  yi(pkyllis),'-^¥B,btidvAy  Laubbl.-Anat,  Beih.  z.  Bot  Centralbl.,  zii,  190a,  pp.  IH-^I* — 
Gerhard,  Blattanat  ▼.  Gew.  d.  Knynawaldes,  Diss.,  Basel,  190a,  pp.  22,  23  (^^^iSrvfiM).— Knothe, 
Unbenetzb.  BL,  Diss.,  Heidelberg,  190a,  p.  9.— Maidner,  Phan.-Vegetat.  d.  Kergoekn,  Di»., 
Basel,  190a,  pp.  27,  a8  ((7aA«m).— [Armari,  Piante  della  reg.  medit,  Ann.  di  bot,  i,  1903,  p.  17  et 
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MO.  (Ai^S#ria).]— Gorriset  Refancw,  Cinckma  rtbmia^  BalL  Soc  phirmacol ,  1903,  pp.  384-6 ;  also 
in  Ferrot,  Travanx,  II.— [Greendll,  Struct  of  leaf  of  cert  spec  fACoprosmuL,  Transact,  and  Proceed. 
New  Zealand  Inst,  xzzt,  1903,  pp.  342-55  and  pL  zli-xliv.] — Solereder,  Berichtig.,  Boll.  Herbier 
Boissier,  a*  s^-.,  1903,  pp.  334,  335. — Acmaer,  Faische  Cbinarinden,  Diss.,  Bern,  1904, 109  pp.— Cd, 
Faisoeanx,  Ann.  sc.  nat,  ser.  8,  t.  zz,  1904,  pp.  1 19-31. — Saint- Just,  Redi.  anat  snr  Tappareil  yh^ 
a^rien  des  Rnbiac,  Thte,  Paris,  1904,  70  pp.,  a  pL — Sussengnth,  Bdiaanmgsverfa.  d.  Wiirzb. 
Mnschelkalkpfl.,  Diss.,  Wiirzbiirg,  1904,  p.  36. — Areschoog,  Trop.  vaxt  Uadbyggn.,  St.  Vet  Akad. 


Handl.,  30,  n.  a,  190},  pp.  50,  51  {Spermac^ce),  k>.  73,  74  {DeHieOa),  pp.  86,  87  aad  Tab.  xiii 
{CincAmd),  pp.  ^,  91  {Cofea\  p.  108  (MyrwtecodU\  and  pp.  144-6  and  Tab.  vi-Yiii  i^Hydm^hytum), 
— NctoUtzkj,  Dikotjlabl.,  Vienna,  1905,  pp.  o-33.--Rn8seU,  Prindpes  acti&  de  la  Garanoe,  Reme 


c^  de  bot,  1905,  p.  354  et  seq.— Tiiebfin,  Vazttrichom.,  Aj^dr  lor  Bot,  iv,  n.  18, 1905,  p.  17. — 
Weberbaner,  Vegetat  d.  Hochanden  Perns,  in  Englcr,  Bot  Jahrb.,  zzzvii,  1905,  p.  60  et  seq. — 
lloltermann,  Einflnss  des  Klimas  etc.,  iS^7,  pp-  59,  83,  130  and  135  {Scypkipkora^  Sptnnacoct^ 
HedyotiSf  Leuc0codon),~-[¥ot  farther  literiiture,  see  p.  117a.] 

VALERIANEAE  (pp.  454,  455). 

The  following  details  may  be  added  to  the  account  given  in  the  earlier  part 
of  this  book ;  they  are  mainly  extracted  from  Vidal's  work.  In  the  species  of 
Pairinia,  CetUratUhus^  Valeriana^  Fedia  and  Valerianella  examined  by  Vidal  the 
structure  of  the  leaf  is  again  mostly  bifacial,  although  it  is  centric  in  Valeriana 
saliunca  and  almost  homogeneous  in  V,  dioica.  Twin  stomata  are  frequently 
met  with  on  both  surfaces  of  the  leaf  in  Valerianella ;  water-pores  are  found 
also  in  Valeriana  Phu.  The  lateral  margins  of  the  epidermal  ceUa  are  either 
straight  or  undulated.  Vidal  observed  glandular  hairs  in  all  the  species  ;  the 
multicellular  heads  of  these  hairs  are  either  elongated  or  spherical  and  are  for 
the  most  part  divided  both  by  horizontal  and  vertical  walls,  rarely  {Valeriana 
tripteris)  by  vertical  walls  only.  As  regards  the  fibrovascular  system  of  the 
leaf  we  may  note  that  there  is  no  mechanical  tissue  in  the  veins  apart  from 
collenchyma.  The  leaf  is  supplied  by  three  vascular  bundles,  which  in  the 
upper  portion  of  the  petiole  pass  over  into  a  widely  open  arc  composed  of  five 
bundles.  In  Valeriana  officinalis^  according  to  Bouygues,  the  petiole  contains 
several  concentric  vascular  bundles  (steles),  some  of  which  are  not  quite  com- 
pletely differentiated ;  each  of  these  bundles  is  provided  with  a  pith  and  an 
enveloping  endodermis.  Oxalate  of  lime  has  been  found  in  the  v^etative 
organs  ^  only  in  Patrinia^  where  it  was  first  observed  by  Chatin ;  it  occurs 
in  the  form  of  clustered  crystals,  which  are  present  in  the  root,  stem,  and 
leaf.  On  the  other  hand,  structures  of  unknown  chemical  composition,  but 
resembling  sphaerites,  appear  in  the  leaves  and  other  organs  of  many  Valerianeae 
(e.  g.  Valeriana  saliunca)  after  treatment  with  alcohol ;  these  bodies  recall  the 
sphaerocrystals  of  inulin.  Oil-cells,  first  observed  by  Zacharias  in  the  root  of 
Valeriana  and  distinguished  from  the  neighbouring  ceUs  by  thefr  contents 
and  their  suberized  wall,  are,  to  judge  by  vidal's  statements,  present  in  the 
root  also  in  other  species  of  Valeriana,  as  well  as  in  Pairinia,  Ceniranlkus, 
Fedia  and  Valeriandla ;  they  are  situated  either  in  the  second  cell-layer  of 
the  primary  cortex  beneath  the  suberized  outermost  layer,  or  are  found  in 
a  slightly  deeper  layer.  According  to  Vidal,  however,  the  chief  production 
(rf  oil  in  the  roots  takes  place  in  the  cork,  which  explains  the  large  amount  of 
oil  found  in  the  older  roots. 

For  details  as  to  the  structure  of  the  stem,  rhizome,  and  root,  see  Vidal, 
loc.  cit. ;  it  will  sufl&ce  to  mention  the  following  facts  here.  Apart  from  the 
superficial  development  of  the  cork  in  the  roots  and  rhizomes  of  Valeriana 
officinalis  and  V,  Phu,  the  cork  invariably  arises  in  the  pericycle  in  both  organs. 
There  are  no  mechanical  elements  in  the  pericyde.    The  inner  portion  of  the 


^  According  to  Vidal,  the  p^carp  of  Centranthus,  Valerianm,  Fedia  and  VaUrianeUa  contains 
oxalate  of  lime  in  the  form  of  solitary  oystab,  although  there  is  no  oxalate  of  lime  in  the  yegetathre 
organs. 
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K'th  of  the  stem  consists  of  unlignified  cdls  and  subsequently  becomes  fistular. 
t  the  roots  of  Valeriana  officinalis  and  V.  Phu  the  cells  of  the  endodermis^ 
which  are  provided  with  Caspaiys  dots,  are  persistent  in  consecjuence  of  the 
superficial  development  of  the  cork  and  exhibit  secondary  division-walls  in 
the  same  way  as  in  certain  Gentianeae. 

Litermtiire :  Costantin,  Tfget  nh,  et  soat,  Ann.  sc.  nat,  s^r.  6,  t  xvi,  1883,  p.  146. — TTognini, 
Stomi,  Atti  1st  bot  Pavia,  i894.]~Biennann,  Olzellen,  Diss.,  Bern,  1898,  pp.  30-5.— -tlioiiiias, 
Fcidllei  soot.,  Thte,  Paris,  1900. — ^Dye,  Unterird.  Org.  too  VaUritma  etc,  Diss.,  Bern,  looi, 
pp.  8-35  and  Tab.  i.— Bouygnes,  Petiole,  Thbe,  Paris,  190a,  p.  71.— L.  Vidal,  Anat.  des  Valerian., 
Ann.  de  TUniv.  de  Grenoble,  xv.  1903,  sep.  copy,  especially  pp.  6-31 ;  see  also  the  author's  abstract 
in  Bot  CentrelbL,  zcv,  p.  140.--C0I,  Faisoeaox,  Ann.  sc.  nat.,  ih,  8,  t  xii,  1904,  p.  136. — 
Weberbaner,  Vegetat.  d.  Uocfaanden  Perns,  in  Engler,  Bot.  Jahrb.,  zxzvii,  1905,  p.  60  et  seq. 

DIPSACEAE  (pp.  455,  456). 

Szabo's  recent  investigation  of  the  anatomy  of  the  genus  KnauUa  has 
afforded  the  following  results.  External  glands  with  a  short  stalk  and  a  head 
composed  of  four  or  more  cells  occur  also  in  this  genus.  K.  orientaUsy  unUke 
other  species  of  the  genus»  has  scalariform  perforations  in  the  vessels.  The 
cork  in  K,  longifolia  (rhizome)  develops  in  the  pericycle. 

Literature:  Costantin,  Tiges  tuh,  et  sont.,  Ann.  sc.  nat.,  s^.  6,  t  xvi,  1883,  p.  145  et  seq. — 
Mittmann,  Pflanzenstacheln,  Verh.  bot.  Ver.  Brandenburg,  1889,  p.  69  and  Tab.  1. — LotheUer,  Epines, 
Thte,  Paris,  1893,  p.  39  and  pi.  iiL— [Cacace,  Contrib.  stud.  d.  DipsAcee,  Ric.  istol.,  R.  Orto  bot. 
NapoU,  1898,  I  a  pp.>~Rostock,  Diusenh.  Ton  Dipsaats  sihestris^  Bot  Zeit,  1904,  Abt  i, 
pp.  I  i-ao.— SUssenguth,  Behaanmgsverh.  d.  Wiirzb.  Muschelkalkpfl.,  Diss.,  Wiirzburg,  1904,  p.  36. — 
Szabo,  Monogr.  d.  Gatt.  Kfumtia^  in  Engler,  Bot.  Jahrb.,  xxxvi,  1905,  pp.  401-8. 

CALYCEREAE  (p.  456). 

According  to  Reiche,  '  the  absence  of  special  bast-strands  in  the  cortical  paren- 
chyma '  is  a  feature  common  to  all  the  Calycereae.  Boofns  australis,  Decne., 
B.  gracilis,  PhiL,  B.  multicaulis,  Phil,  and  B.  graminea,  PhiL  possess  a  lignified 
strengthening  ring,  in  which  the  vascular  bundles  are  embedded.  The  fleshy 
stems  found  in  various  species  of  Nastanthus  are  due  to  abundant  development 
of  the  medullary  and  cortical  parenchyma. 

Literature:  Reiche,  Calycereen,  in  Engler,  Bot.  Jahrb.,  xxix,  1900,  p.  110. 

COMPOSITAE  (pp.  456-469). 

I.  Review  of  the  Anatomical  Features.  Secretory  cavities  also  occur 
in  the  leaves  of  Trilisa  and  species  of  Athanasia ;  in  certain  members  of 
the  Order,  moreover,  they  take  the  place  of  the  secretory  canals  in  the  sub- 
terranean organs.  Secretory  sacs,  which  are  often  much  elongated  and  have 
milky  or  resinous  contents,  are  found  in  species  of  Gaxania  (Tribe  Arctotideae, 
in  this  case  together  with  transitions  to  laticiferous  vessels),  and  Vemonia  (Tribe 
Vemonieae),  as  well  as  in  members  of  the  Tribe  Cynaroideae  (Alfredia,  Arctium^ 
Atradylis^  Berardia,  Carduus^  Carlina,  Chardinia,  Cirsium,  Cousinia,  GalaciiUs^ 
Jurinea,  Lappa,  Onopordon,  Silybum,  Staehelina,  Warionia;  in  Atradylis  and 
CarUna,  together  with  transitions  to  laticiferous  vessels).  Beyond  the  limits 
of  the  Cichoriaceae  and  apart  from  the  genus  Gundclia  (Tribe  Arctotideae), 
which  was  akeady  referred  to  in  the  earUer  part  of  this  work,  laticiferous 
vessels  occur  in  Caxania,  which  belongs  to  the  same  Tribe  as  Gundelia,  and 
in  CarUna  and  Atradylis  (Tribe  Cynaroideae,  Subtribe  Carlineae).  Unicdlular 
tridicmies  appear  to  be  wanting  in  the  hairy  covering  of  the  Compositae. 
Recent  investigations  have  shown  that  multicellular  dothing  hairs  with  a 
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two-armed  or  stellate  terminal  cell  ocoir  in  many  additional  genera.  Vesioilar 
interomental  glands,  showing  the  same  type  of  structm-e  as  those  fomid  in 
the  Labiatae,  are  present  in  Centauropsis,  while  extrafloral  nectaries  occnr  in 
Hdianthus.  To  the  list  of  special  or  anomalous  structural  features  presented 
by  the  axis  we  may  add  :  the  arrangement  of  the  vascular  bundles  in  mdistinct 
rings,  as  in  the  stem  of  a  Monocotyledon,  in  species  of  Scarzonera  and  Cen- 
taurea,  as  well  as  in  species  of  Cynara ;  and  the  occurrence  of  medullary  or 
cortical  vascular  bundles  in  species  in  which  these  anomalies  were  not  pre- 
viously known.  Anomalous  structure  has  recendy  been  demonstrated  in 
the  fleshy  adventitious  roots  of  Thrincia  tuberosa^  DC.  (transformation  of  the 
primary  xylem-groups  of  the  vascular  system  into  steles)  and  in  the  tap-root 
of  Airadylis  gummtferay  L.  (appearance  of  concentric  secondary  menstems 
in  the  wood  of  the  root,  and  development  of  rings  of  vascular  bundles,  which 
alternately  show  normal  and  inverse  orientation). 

2.  Special  Anatomical  Diagnosis.  A  very  important  feature  of  the 
hairy  covering  (see  p.  457)  lies  in  the  fact  that  unicellular  hairs  really 
appear  to  be  absent  in  the  Compositae,  just  as  in  the  PapiUonaceae.  G.  Fischer's 
statements  as  to  the  presence  of  tmicellular  hairs  in  certain  species  of 
genera  belonging  to  the  Vemonieae  and  Eupatorieae  {Agrianthus,  Bolanosa, 
aoplophyUun^  Piptolepisj  Vernonia)  have  poved  to  be  incorrect  upon  rein- 
vestigation, the  basal  cells  of  the  hairs  having  been  overlooked.  Recent 
observations  have  shown  that  simple  uniseriate  clothing  hairs  with  a  long 
terminal  cell  (flagellum-trichomes)  are  very  widely  distributed.  They  occur 
in  many  genera  of  the  Vernonieae  and  Eupatorieae,  e.g.  in  species  of  Adeno- 
styles^  Dothfiodine^  BrickeUia^  Cmtauropsis^  ElephatUopuSy  Li<UriSj  Rolandra^ 
Soaresia,  TdnuUophilay  Vernonia,  &c.  (G.  Fischer),  as  well  as  in  species  of 
Anacydus,  Athanasia,  Culcitium,  Hieracium,  Lucilia  and  Senecio.  In  jBalanosa 
CouUeri^  Gray  and  Stilpnopappus  sfeciosus,  Bak.,  the  terminal  cells  of  these 
flagellum-hairs  exhibit  a  nodose  thickening  at  their  base  (G.  Fischer),  while 
in  Cirsium  horridum,  M.  Bieb.,  the  basal  portion  of  the  terminal  cell  is  barged 
in  a  campanulate  manner  ;  in  certain  species  of  Senecio  (Wagner)  and  Anacy- 
dus  (Femlloux)  the  terminal  cells  are  placed  at  an  angle  to  the  stalk,  in  the 
same  way  as  in  the  hairs  of  Brocchia  dnerea  (see  p.  458).  Uniseriate  hairs 
with  a  two-armed  terminal  cell,  which  in  other  respects  shows  varied  structure, 
have  been  demonstrated  also  in  certain  species  of  AlberHnia,  Ceniauropsis, 
EremanOius,  Lychnophora,  Oliganihes,  Piptolepis^  PUhecoseriSf  VaniUosmopsiSy 
and  Vernonia  by  G.  Fischer,  and  in  certain  species  of  Anacydus  and  Athanasia 
by  Feuilloux ;  I  have  found  them  also  in  Senecio  incanus^  L.  and  5.  unifioruSy 
All.,  which  is  not  in  agreement  with  P.  Wagner,  who  speaks  of  peltate  hairs 
as  occurring  in  these  species.  Uniseriate  hairs  with  a  stellate  terminal  cell, 
which  varies  in  the  thickness  of  its  walls  and  in  the  number  of  rays,  occur 
also  in  species  of  Blanchetia,  Haplostephiumy  Lycnophora,  PiptocaH>ka  and 
PipMepis  (according  to  G.  Fischer),  in  species  of  Artemisia  and  Athanasia 
(accoroing  to  Feuilloux),  in  species  of  Vernonia  (according  to  Grimm),  and 
apparently  also  in  the  genera  Baccharis  and  Santolinum  (according  to  A.  Weiss) ; 
miiseriate  hairs  witii  a  candelabra-like  terminal  cell  are  found  in  Scorzonera 
hisfanica,  L.  (Theorin).  These  different  forms  of  hair  in  which  the  terminal 
cells  are  simple,  two-armed  or  stellate  are  as  a  rule  only  characteristic  of  the 
species  and  not  of  the  genus.  Thus,  according  to  Feuilloux,  all  three  types  of 
hair  are  found  within  the  limits  of  the  genera  Artemisia  and  Athanasia  (hairs 
with  a  simple  terminal  cell^  for  example,  in  Artemisia  ramosa,  Sm.  and  '  Atha- 
nasia parvifloray  L.' ;  hairs  with  a  two-armed  terminal  <^  in  Artemisia 
Absinthium,  L.  and  Athanasia  pinnaia,  L. ;  and  hairs  with  a  stellate  end-ceU 
in  Artemisia  glauca.  Pall,  and  Athanasia  pubescens,  L.),  while  trichomes  with 
a  simple  and  with  a  two-armed  terminal  cell  both  occur  in  the  genus  Anacydus 
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(hairs  with  a  simple  end-cell,  for  example,  in  A.  clavcUus^  Pers.,  and  two-armed 
hairs  in  A.  pedunculaius,  Fers.) ;  further,  according  to  G.  Fischer,  triclK)mes 
with  a  two-armed  and  with  a  stellate  terminal  cell  are  fomid  side  by  side  in 
Lychnophora  salicifolioy  Mart,  and  PiptoUpis  ericoidesy  Schultz  Bip.,  and  hairs 
with  simple  and  two-armed  end-cells  side  by  side  in  CetUauropsis  lanuginosa, 
Boj.  Clothing  hairs  of  the  shaggy  type  have  recently  been  observed  by 
G.  Fischer  also  in  Hofmeisteria  phmseta.  Gray  (here  provided  with  a  papillose 
surface),  Piptocarpha  lucida,  Bak.  (likewise  papillose)  and  Vemonia  inidaefoUa, 
Steud.,  as  well  as  by  No^  von  Archenegg  in  Cirsium  horridum,  M.  Bieb.,  and 
other  species  of  Cirsium  belonging  to  the  section  EpUrachys,  The  shaggy 
hairs  found  in  the  species  of  Cirsium  occur  on  the  upper  side  of  the  leaf  and 
are  composed  of  pitted  sclerenchymatous  fibres,  which  penetrate  into  the 
mesophyll  in  the  form  of  a  bundle  and  thus  constitute  a  base  to  the  shagc^y 
hair,  similar  to  that  found  in  many  Melastomaceae ;  ultimately  the  bundle 
of  fibres  becomes  apposed  to  the  vascular  bundle  of  a  vein.  Both  the  epidermis 
and  the  subepidermal  layer  of  cells  are  concerned  in  the  formation  of  these 
shaggy  hairs.  A  transition  to  the  shaggy  hairs  is  represented,  amone;  other 
forms  of  trichomes,  by  the  clothing  hairs  of  Artemisia  argentea,  L  H6it., 
which  are  provided  with  a  narrow  elongated  terminal  cell  and  are  seated  on 
a  high  pedestal,  the  lower  tiers  of  which  are  formed  of  several  cells.  Charac- 
teristic shaggy  hairs,  showing  a  reduced  type  of  structure  and  similar  to  those 
found  in  Spilunthes  oleracea  (Fig.  103,  N  and  p.  460),  appear  to  be  rather  widely 
distributed  on  the  floral  parts  (ovary)  in  the  Compositae  ;  they  consist  of  two 
basal  cells,  which  are  prolonged  upwards  to  an  unequal  extent,  and  two  long 
hair-cells,  which  are  joined  together  lengthways  along  one  side,  but  diverge 
apically  so  as  to  resemble  a  swallow's  tail ;  hsurs  of  this  kind  are  found,  for 
example,  also  in  Airactylis  gummifera,  L.  and  Carlina  acaulis,  L.  (Kerckhoff). 
With  these  hairs  we  may  class  the  peculiar  trichomes,  observed  by  Schinz  on 
the  same  organs  of  the  plant  in  Sphaeranihus  epigaeus,  Schinz;  their  dis- 
tinctive feature  lies  in  the  fact  that  the  two  terminal  cells,  which  have  rounded 
ends,  are  spirally  wound  around  one  another  (with  two  turns  to  the  spiral). 

We  will  next  consider  the  glandular  hairs.  As  far  as  can  be  gathered 
from  G.  Fischer's  statements,  which  are  unfortunately  in  part  incomplete 
and  not  clearly  presented,  the  characteristic  biseriate  vesicular  integumental 
glands  were  observed  by  him  in  certain  Vemonieae  and  Eupatorieae ;  Tunmann 
also  met  with  them  in  Achillea.  If  we  imagine  the  appearance  of  vertical 
and  oblique  division-walls  in  these  biseriate  glands  we  obtain  the  shortly 
stalked  external  glands  found  in  Haplopappusond  GochnaUa ;  in  these  glands, 
which  were  not  noticed  in  the  previous  review,  the  cells  are  arranged  in 
the  three  directions  of  space  (Volkens).  Multicellular  glandular  hairs  with 
a  unicellular  head  are  found  in  species  of  BrickeUiay  Kuhnia,  and  Trichocoronis 
(according  to  G.  Fischer),  in  Senecio  Boissieri,  DC.  (according  to  P.  Wagner), 
and  in  Ceniaurea  (according  to  Briquet);  almost  sessile  glands  with  two 
short  basal  cells  and  a  secretory  head-cell  are  figured  by  Feuilloux  in  Athanasia 
leucodada  and  glandular  hairs  with  a  uni-  or  biseriate  stalk  and  a  spherical 
head,  divided  by  horizontal  and  vertical  walls  into  4-8  cells,  by  G.  Fischer 
in  Hofmeisteria  pluriseta,  Gray ;  vesicular  integumental  glands  having  a  short 
stalk  and  resembling  the  glands  of  the  Labiatae,  occur  in  Ceniauropsis  lanu- 
ginosa, Boj.  The  extrafloral  nectaries,  observed  by  Delpino  in  aeUanthus 
giganieus  and  H.  tuberosus,  have  not  yet  been  closely  examined;  they  are 
situated  on  the  uppermost  leaves  (on  the  lower  side  near  the  base  of  the  leaf) 
in  the  neighbourhood  of  the  floral  r^on. 

Our  previous  knowledge  regarding  the  internal  secretory  organs  of  the 
Compositae  (see  p.  460  et  seq.)  has  been  very  considerably  extended,  especially 
by  Col's  recent  investigations. 
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Schizogenous  secretory  canals  are  found  in  certain  members  of  all  the 
thirteen  Tribes  included  in  Bentham  and  Hooker's  system,  although  they 
are  of  rare  occurrence  in  the  Cichoriaceae.  In  this  Tribe  they  are  to  some 
extent  replaced  by  latidferous  vessels,  just  as  in  certain  CynarcHdeae  their 
place  is  taken  by  secretory  sacs  with  mUky  or  resinous  contents.  The  charac- 
teristic position  in  which  they  occur  is  in  the  root ;  this  statement  must  not, 
however,  be  taken  to  imply  that  they  are  not  very  frequently  found  traversing 
the  subaerial  portions  of  the  plant  as  well  (i.  e.  axis  and  leaf).  No  case  is  known 
among  the  Compositae  of  the  occurrence  of  secretory  canals  in  the  shoot  when 
they  are  absent  in  the  root ;  it  has  also  been  shown  that  in  those  forms  which 
have  still  other  types  of  secretory  organs,  such  as  latidferous  vessels  or  secretory 
sacs,  the  secretory  canals,  so  to  say,  withdraw  into  the  lower  organs  of  tfa^ 
plant  and  ultimately  become  confined  to  the  root.  These  statements  already 
serve  to  show  that,  when  undertaking  a  systematic-anatomical  investigation 
of  the  G>mpositae,  an  examination  of  the  root  is  of  primary  importance, 
while,  if  possible,  the  entire  vegetative  organs  should  be  examined  from 
below  upwards,  in  order  to  determine  the  distribution  of  the  secretory  canals, 
and  of  the  internal  secretory  receptades  in  general.  As  far  as  can  be  gathered 
from  the  literature,  moreover,  Xhe  secretory  canals  of  the  root  are  always 
distinctly  endodermal  in  origin,  white  this  is  not  always  so  in  the  case  of  the 
secretory  canals  of  the  axis.  In  many  cases,  it  is  true,  the  secretory  canals 
are  observed  to  originate  in  the  endodermis  in  the  axis  also  (see  the  examples 
mentioned  in  Col's  Thesis,  p.  99),  the  canals  thus  formed  being  for  the  most 
part  narrow.  In  other  cases,  however,  the  secretory  canals  of  the  axis  develop 
at  a  very  early  stage  and  have  no  connexion  with  the  endodermis,  which  only 
appears  subsequently;  they  seem  to  bdong  to  the  primary  cortical  tissue 
and  are  of  wide  diameter.  This  occurs  very  commoidy  in  the  Heliantheae, 
which  sometimes  have  medullary  canals  as  well,  so  that  the  secretory  system 
of  the  axis,  as  in  the  case  of  SUphium^  recalls  that  of  the  UmbdUferae. 

The  previous  synopsis  of  the  arrangement  of  the  cauline  resin-canals  in  relation 
to  the  fibrovascular  system  (see  the  second  paragraph  of  small  print  on  p.  461 ) 
has  been  extended  and  improved  by  Col,  who  likewise  attributes  systematic  mipor- 
tance  to  these  features ;  we  can  do  no  more  than  briefly  refer  the  reader  to  pp.  90-3 
of  his  thesis. 

We  may  also  point  out  here  that  in  some  cases  in  conjunction  with  repeated 
divisions  in  the  endodermal  cells  the  resin-canals  of  the  root  may  occur  in  two  or 
more  rows,  e.  g.  in  Platycarpha  glotmrata.  Less.,  ArctoHs  stoechadifolia.  Berg  and 
Venidium  calendulaceum.  Less. 

It  has  already  been  mentioned  in  the  earUer  portion  of  this  work  (pp.  461, 
462)  that,  side  by  side  with  the  endodermal  secretory  canals,  resin-canals  have 
been  demonstrated  in  other  positions  in  the  stem,  rhizome,  or  root  of  certain 
members  of  the  Order ;  these  canals  are  situated  in  the  primary  cortex,  in 
the  periphery  of  the  pith,  in  the  secondary  tissues  (wood  and  bast)  of  the 
vascular  system,  or  between  the  pericycle  and  the  phloem.  The  earUer  state- 
ments on  this  subject  require  a  few  additions  and  alterations.  Col  mentions 
the  occurrence  of  medullaiy  secretory  canals  in  spedes  of  a  few  further  genera, 
viz.  BaUimoray  CarUnOy  Centaurcay  Chrysanthemum^  Cirsium,  Cynara^  Gail- 
lardia  (rhizome),  Harpalium  (=  Hdianthm),  Podachaeniumy  Polymmay  Tridax 
and  Zaluzaniay  while  the  secretory  organs  present  in  the  pith  of  the  rhizome 
in  Intda  Hdeniumy  L.  and  Hdenium  auiumnale,  L.  are  of  the  nature  of  cavities. 
Secretory  canals  are  distributed  in  the  secondary  tissues  of  the  vascular  system 
as  follows :  (a)  in  the  secondary  bast :  in  the  stem  and  root  of  HdiatUhus 
tuberosus  and  Centaurea  alropurpureay  in  the  rhizome  of  Carduncellus  mott' 
speUensiumy  All.,  and  in  the  root  of  KentrophyUum  lanatumy  DC. ;  (b)  in  the 
medullary  rays  of  the  wood  and  bast :   in  the  fleshy  roots  of  Dahlia ;    and 
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(c)  in  the  wood  and  bast :  in  the  tubers  of  HdiatUhus  tuberosus.  Secretory 
cavities  are  found  in  place  of  the  secretory  canals  :  (a)  in  the  medullary  rays 
of  the  bast :  in  the  root  and  rhizome  of  Artemisia  Dracunculus,  and  in  the 
subterranean  organs  of  Airaciylis  gummifera^  L. ;  (h)  in  the  medullary  rays 
of  the  bast  and  wood  :  in  the  root  of  Anacydus  Pyrdkrum  and  Carlina  acaidis  ; 
and  (c)  in  the  bast  and  wood  :  in  the  root  and  rhizome  of  Intda  Hdenium. 

We  may  replace  the  former  synopsis  (cf.  p.  462)  of  the  genera  of  G>mposi- 
tae  in  which  the  subaerial  parts  of  the  plant  contain  no  resin-canals,  by  the 
following  enumeration  taken  from  Col's  thesis.  The  resin-canals  do  not  pene- 
trate into  the  subaerial  axis  in  species  of :  Acrodinium  (=  Hdipterum)^ 
AdinolepiSj  Amblyolepis  (=  Hdenium)^  Ammobium,  Anaphalis,  AnUnnaria, 
AfUhefms  (pro  parte  ?)^  ArdotiSy  Asteriscus  {=  OdofUospermum)^  Baeria^ 
Calendula^  talocephalus^  CardofxUiufn^  Cephalophora,  Crypiostemmaf  Cupvlaria 
(=  Inula)y  Dimorphothecay  EchinopSy  ElepnatUopus,  EihuliUy  Eurybia  (^zOlearia), 
EvaXy  FUago,  Gaillardia,  Gnaphaliunty  Hdenium^  HdickrysufHy  Hdipterum, 
HuTneUy  JasoniUy  Inula  (pro  parte),  Layia  (?)^  Leontopodiunij  Leyssera,  Micropus, 
PaUeniSy  PhagnaloHy  Pinardia  (^  Aster  ?)y  PodolepiSy  Podotheca,  Rhodanthe 
(=  Hdipterumjy  Rhynchopsidium  {^Rdhania),  Sphenogyne  (=  Ursinia)^  Tar- 
chonanthusy  TripteriSy  Venidium,  Vernonia  pro  parte  {V,  anthdminticay  Willd.), 
Xeranthemum.  To  this  list  we  may  add  the  species  of  AchyropappuSy  Madariay 
Madia  and  Schkuhria,  which  have  been  examined,  although  m  these  cases  the 
secretory  canals  are  absent  only  from  the  uppex  parts  of  the  axis.  In  the  new 
enumeration,  just  given,  the  Cynaroideae  which  are  provided  with  secretory 
sacs  have  not  been  taken  into  consideration  (see  under  secretory  sacs,  below) ; 
moreover,  the  genera  CetUaureay  Eupaiorium  and  Madaria  which  were  included 
in  the  earlier  list  have  been  omitted,  since  they  possess  secretory  canals  in 
the  different  parts  of  the  axis ;  neither  have  I  included  the  genera  of  the 
Labiatiflorae  (Tribe  Mutisiaceae),  mentioned  on  p.  462  as  having  no  resin- 
canals  in  the  stem  and  leaf,  since  no  new  investigations  dealing  with  this  group 
have  been  published  and  the  old  statements  retain  their  value.  The  number 
of  species  and  genera,  as  yet  examined  in  the  various  Tribes,  is  far  too  small 
to  admit  of  a  correct  appreciation  of  the  systematic  value  to  be  attached  to 
the  absence  of  the  secretory  canals  in  the  subaerial  organs.  Yet  it  is  a  striking 
fact  that  resin-canals  are  wanting  in  the  subaerial  organs  in  all  the  Calendulaceae 
which  have  been  investigated,  as  well  as  in  those  Inuloideae,  which  are  included 
in  the  first  seven  subtribes  (Tarchonantheae  to  Athrixieae)  of  Bentham  and 
Hooker's  system.  But,  on  the  other  hand,  we  may  also  point  out  that, 
according  to  Col,  within  the  limits  of  the  genus  Inula,  I.  crithmoidesy  L.,  for 
instance,  has  secretory  canals  in  all  the  vegetative  organs,  while  in  /.  hirta,  L. 
they  are  confined  to  tiie  rhizome  and  are  not  found  in  the  subaerial  shoots. 

As  regards  the  occurrence  of  secretory  canals  (side  by  side  with  latici- 
ferous  vessels)  in  certain  Cichoriaceae  (cf .  pp.  462,  463),  we  may  add  that  they 
are  present  not  only  in  Scolymus  grandiflaruSy  but  also  in  S.  fnspanicus  and 
S.  maculatusy  that  is  to  sa^  in  all  the  species  of  the  genus  (Col  and  Kniep). 
Doubling  of  the  endodermis  in  the  absence  of  resin-canak  has  also  been  observed 
in  the  root  of  Podospermum  ladniatum  (Col). 

According  to  Feuilloux,  secretory  cavities  (see  p.  463)  also  occur  in  the  leaf 
in  numerous  species  of  Athanasia  (but  not  ini4.  leucodada  and  A.  pinnaUiy  L.), 
and,  if  I  understand  Paschkis  rightly,  they  are  present  also  in  the  mesophyll 
of  Liatris  odaraHssinta,  Willd.  (=  Trilisa  odoratissimay  Cass.).  It  remains  to 
investigate  whether  the  cavities  in  these  plants  and  in  those  formerly  named 
take  the  place  of  the  secretory  canals  in  the  leaf  or  whether  they  exist  side  by 


^  Accoiding  to  Col,  Anthemis  ftoHiis  has  resiti-caiials  in  the  base  of  the  stem  only. 
'  The  base  of  the  stem  has  not  yet  been  investigated  in  this  case. 
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side  with  them.    For  it  has  been  shown  that  in  other  organs  the  secretory 
cavities  are  occasionally  vicarious  in  their  occurrence. 

Secretory  cavities  have  been  observed  in  organs  other  than  the  leaf  in  the 
following  Compositae:  Anacydus  Pyrethrum  (medullary  rays  of  the  wood  and 
bast  of  the  root) ;  Artemisia  Dracunculus  (primary  cortex  and  medullary  rays  of 
the  bast  of  the  root,  medullary  rays  of  the  oast  of  the  rhizome) ;  Atractylis  gum- 
fnifera,  L.  (medullary  rays  of  the  bast  of  the  subterranean  organs) ;  Carlina  acaulis 
(medullary  rays  of  the  wood  and  bast  of  the  root) ;  Cirsium  lanceokUum^  ^^?^ 
(at  certain  levels  in  the  stem  in  place  of  the  secretory  canals),  C.  rivulare^  Link 
(in  the  rhizome,  replacing  the  secretory  canals) ;  Echinops  Ritro,  L.  and  E.  sphaero- 
csphalus,  L.  (endodermis  of  the  rhizome) ;  GaUlardia  pulcheila  (in  the  axis  of  the 
shoot  to  the  rif ht  and  left  of  the  points  of  insertion  of  the  leaves,  some^^iat  of  the 
nature  of  canals) ;  Helenium  autumnaU,  L.  (pith,  primary  cortex,  and  endodermis 
of  the  rhizome) ;  Inula  HeUnium^  L.  (bast  and  wood  of  the  root  and  rhizome ;  in 
the  latter  also  in  the  pith) ;  In%4la  britannica,  I,  Conyza,  DC,  also  /.  bifrans,  L.  (endo- 
dermis of  the  rhizome) ;  Onopordon  Acanihium,  L.  (endodermis  of  the  base  of  the 
shoot). 

There  is  nothing  to  add  regarding  the  latidferous  vessels  of  the  Cichoria- 
ceae  (p.  463),  but  a  few  new  facts  as  to  the  occurrence  of  these  secretory  organs 
outside  this  Tribe  (cf.  p.  463)  have  become  known.  Latidferous  ve^els  had 
previously  been  demonstrated  in  the  pericycle  and  bast  of  the  axis,  as  well 
as  in  the  veins  and  ground  tissue  of  the  leaf  in  Gundelia  Tottmefortii^  L.,  a 
member  of  the  Arctotideae.  QxA  has  since  found  them  in  another  genus  of  the 
Arctotideae  (viz.  in  Gazania  splendens  x  Hort.  Angl.^)  as  well  as  in  Carlina 
(Tribe  Cynaroideae,  Subtribe  Carlineae*),  while  Kerckhofif  records  them  in 
AtractyliSy  a  genus  very  closely  related  to  Carlina. 

The  latidferous  vessels  of  Gaxania  splendens  show  a  primitive  type  of  struc- 
ture. Where  the  cells  abut  upon  one  another  their  longitudinal  walls  are  locally 
resorbed,  but  true  transverse  bridges  are  not  formed ;  some  of  the  transverse 
walls,  moreover,  are  persistent.  Further,  the  latidferous  vessels  of  Gaxania 
are  confined  to  the  pericycle  of  the  axis  and  the  veins  of  the  leaf;  in  the 
root  they  are  replaced  by  latex-cells,  which  are  dther  isolated  or  arranged  in 
longitudinal  rows  and  are  situated  in  the  secondary  bast.  According  to  Kerckhoff, 
the  latidferous  vessels  of  Atracfylis  gummifera  are  identical  in  structure  with  those 
of  Gaxania ;  they  occur  in  the  secondary  bast  of  the  subterranean  parts  of  the 
plant,  especially  in  the  tap-root  and  m  the  axial  parts  of  the  root-stock. 
As  regards  Carlina,  lastly.  Col  publishes  the  following  details.  In  C.  caule- 
scens.  Lam.  the  pericyde  of  the  subaerial  axis  includes  dements  of  the  nature  of 
latidferous  vessels,  although  their  origin  by  fusion  is  very  difficult  to  determine. 
In  C.  acanthifolia,  AIL  the  root  and  shoot  contain  latidferous  vessds  composed 
of  relativdy  short  cells  in  which  some  of  the  transverse  walls  are  not  absorbed ; 
these  dements  occur  in  the  bast  and  pericyde  respectivdy.  The  fact  that  in 
Gazania  the  latidferous  vessels  are  replaced  by  latex-cells  and  that  Carlina  vulgaris, 
L.  has  latex-cdls  only  (in  the  pericyde  of  the  axis)  and  no  latidferous  vessels, 
indicates  the  dose  relationship  of  the  two  types  of  secretory  dements.  In  order 
to  complete  the  account  of  the  secretory  organs  found  in  those  genera  which  are 
provided  with  latidferous  vessels,  we  may  mention  that  in  Gazania  endodermal 
secretory  canals  occur  only  in  the  root  (in  addition  to  the  latex-cells  in  the  bast 
already  referred  to  above),  that  in  Atractylis  secretory  cavities  are  found  in  the 
subteiranean  organs,  and  that  Carlina  has  both  secretory  cavities  and  endodermal 
secretory  canals,— the  latter,  for  example,  in  the  root  of  C.  caulescens  and  in  the 
root  and  axis  of  C.  vulgaris. 


'  Other  members  of  the  Arctotideae  examined  by  Col  do  not  possess  these  secretory  organs, 
e.  g.  Platycarpha,  in  which  endodermal  secretoiy  canals  have  been  demonstrated  in  the  root,  and 
Arctatis,  CiyptosUmma  and  Venidium,  which  have  endodermal  secretory  canals  in  the  root  only  and 
not  in  the  stem. 

'  In  other  members  of  the  Snbtribe  Carlineae,  which  he  investigated,  Col  did  not  observe 
latidlieroQS  vessels,  bot  merely  rows  of  latex-cells,  nor  were  these  fomid  m  every  case. 
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In  place  of  the  earlier  statements  regarding  secretory  cells  with  resinous 
or  milky  contents  (see  the  ftrst  paragraph  on  p.  46^)  the  following  details 
may  be  inserted.  The  secretory  sacs  in  (question,  which  are  often  the  cause 
of  a  very  considerable  exudation  of  milky  juice  from  the  organs  in  which  they 
occur,  are  closely  related  to  the  latidferous  vessels  by  means  of  the  transitional 
forms  above  discussed;  they  are  for  the  most  part  much  elongated,  and, 
as  a  rule,  occupy  the  same  position  as  the  latidferous  vessels,  i.e.  they  are 
found  on  the  inner  side  of  the  endodermis,  external  to  the  bast-groups  of  the 
vascular  s}^tem.  Whenever  there  is  a  development  of  primary  hard  bast, 
the  secretory  sacs  are  apposed  to  its  outer  side ;   in  some  cases  they  even 

Enetrate  into  the  group  of  primary  hard  bast  itself  or  are  embedded  in  it. 
certain  species  the  secretory  sacs  are  found  also  at  the  periphery  of  the 
pith,  very  rarely  in  the  bast  as  weU.  As  regards  their  distribution  we  may 
first  mention  that  they  occur  only  in  a  few  representatives  of  the  Arctotideae 
and  Vemonieae,  but  are  more  commonly  found  in  the  Tribe  Cynaroideae ; 
in  the  latter,  however,  they  are  confined  to  the  Subtribes  Carlineae  and  Car- 
duineae  (being  absent  in  the  Subtribes  Echinopsideae  and  Centaureeae)^. 

Secretory  sacs  have  been  observed  in  the  following  species:  I.  In  the  tribe 
Arctotideae :  in  Gaxania  splendens  (in  the  secondary  bast  of  the  root ;  for  the 
latidferous  vessels  present  in  the  peric3rcle  of  the  axis,  see  above).  II.  In  the  Tribe 
Vemonieae :  in  Vemonia  praealta  (outer  portion  of  the  primary  bast  of  the  root ; 
pericycle  of  the  rhizome  ;  pith,  primary  cortex,  and  bast  of  the  axis  of  the  shoot ; 
parenchyma  of  the  veins  and  mesophyU  of  the  leaf),  V.  arkansana,  DC.,  F.  eminens, 
Bisch.,  K.  flexuosa,  Sims.,  V,  noveboracetisis,  Willd.,  but  not  in  V,  anthelminUca^ 
AVilld.  III.  In  the  Tribe  Cynaroideae :  i.  Subtribe  Carlineae :  in  Atractylis  cancel- 
laiOf  L.  (pericycle  of  the  axis),  Chardinia  xeranthemoides^  Desf.  (as  in  the  preceding 
species),  Carhna  graeca,  C.  racemosa,  L.  and  C  vulgaris,  L.  (as  in  the  preceding 
species ;  for  the  latidferous  vessels  of  C.  acanthaefolia  and  C.  caulescens  and  the 
transitional  forms  related  to  them,  see  above).  2.  Subtribe  Carduineae  :  in  Alfredia 
'  solenopis  '  (?  sphalm.  ex  '  stenolepis  ' ;  pith  and  pericycle  of  the  axis) ;  Arctium 
*  lanugtnosum,  L>C  (pericyde  of  the  axis) ;  Berardia  (axis) ;  Carduus  nutans,  L. 
and  C.  ienuiflorus.  Curt,  (pericycle  of  the  axis) ;  Cirsium  arvense.  Scop,  (pericyde 
and  pith  of  the  upper  parts  of  the  axis  and  the  leaves),  C.  eriophorum.  Scop.,  C. 
lanceolatum.  Scop.,  C.  monspessulanum.  All.,  C.  oleraceum,  C,  palustre.  Scop,  and 
C  rivulare.  Link ;  Cousinia  Hystrix,  C.  A.  Mey.  (axis) ;  Galactttes  tomentosa  (peri- 
cyde and  pith  of  the  axis) ;  Jurinea  alata  (axis) ;  Lappa  minor,  DC  (pericyde 
and  pith  of  the  axis),  L.  major ;  Onopordon  Acanihium,  L.  (pericyde  ana  pith  of 
the  axis  and  leaf) ;  Silybum  Marianum,  Gaertn.  (pericyde  of  the  upper  parts  of 
the  axis,  not  in  the  leaf) ;  Staehelina  dubia,  L.  (pericycle  of  the  veins  of  the  leaf , 
not  in  the  stem) ;   Warionia  (axis). 

Within  the  limits  of  the  Tribe  Cynaroideae  secretory  sacs  have  been 
shown  to  be  absent  in  spedes  of  Cardopathium  and  Xeranlhemum  (Subtribe 
Carlineae)  and  in  spedes  of  Cnicus  {Chamaepeuce),  Cynara  and  Saussurea 
(Subtribe  Carduineae),  as  well  as  in  the  Subtribes  Echinopsideae  (spedes  of 
Echinops)  and  Centaureeae  (species  of  CarduncMus,  Carthamus  incl.  KetUrO' 
phyllum,  Centaurea  and  Serratula). 

Secretory  sacs  have  not  as  yet  been  demonstrated  in  the  root  in  any 
member  of  the  Cynaroideae,  as  will  be  seen  by  reference  to  the  synopsis  given 
above ;  in  certain  spedes,  moreover,  they  are  confined  to  the  upper  r^ons 
of  the  shoot,  viz.  to  the  upper  part  of  the  axis  and  the  upper  I^ves.  The 
feature  last  mentioned  of  course  very  considerably  restricts  the  value  of  the 
secretory  sacs  for  practical  systematic  purposes  ;  its  explanation  is  to  be  found 
in  the  fact  that  in  the  more  dosdy  investigated  Cynaroideae  (bdonging  to  the 
genera  Carduus,  Carlina,  Cirsium,  Lappa,  Onopordon  and  Silybum),  in  which 

^  It  is  Tery  much  to  be  desired  that  a  more  detailed  ioTestigatioa  of  the  secretory  organs  in  these 
Tribes  and  Snbtribes  should  be  undertaken  on  material  from  nnmerons  genera. 
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the  secretory  sacs  are  accompanied  by  secretory  canals,  the  two  t3q)es  of 
secretory  organs  are  vicarious  in  their  occurrence,  inasmuch  as  the  secretory 
sacs  more  or  less  replace  the  canals  as  one  advances  from  the  base  towards  the 
apex  of  the  plant. 

Thus  in  Carlina  vulgaris,  for  example,  the  root  contains  endodermal  resin-canals, 
which  even  penetrate  into  the  lowest  portions  of  the  axis ;  higher  up  in  the  stem 
they  are  replaced  by  secretory  cavities  and  ultimately  by  latex-ceUs  situated  in 
the  pericycle.  The  rhizome  of  Cirsium  arvense  has  endodermal  and  medullary 
resin-canals,  which  extend  into  the  lower  portion  of  the  subaerial  axis,  but  soon 
exhibit  a  decrease  in  number  and  at  a  higher  levd  become  crowded  out  by 
medullary  and  pericydic  secretory  sacs.  A  similar  relation,  although  it  is  not 
so  marked,  obtains  between  the  secretory  canals  and  the  latidierous  elements 
in  Gazania  and  Vemonia ;  this  finds  its  expression  in  the  fact  that  endodermal 
resin-canals  occur  only  in  the  root  (here  side  by  side  with  latidferous  dements)  and 
not  in  the  stem,  which  is  rich  in  latex. 

To  complete  our  synopsis  of  the  secretory  organs  found  in  the  Cynaroideae 
it  remains  to  mention  that  those  members  of  the  Tribe  which  have  no  secretory 
sacs  either  possess  secretory  canals  or  have  no  secretory  organs  whatever.  Secretory 
canals  alone,  not  accompanied  by  latidferous  sacs,  liave  been  observed  in :  Eckt- 
naps  (Subtribe  Echinopsideae,  here  confined  to  the  root),  Cnicus,  Cynara  and 
Saussurea  (Subtribe  Carduineae),  and  the  investigated  Centaureeae  (see  above) ; 
ndther  secretory  canals  nor  secretory  sacs  are  present  in  spedes  of  CardopaHum 
and  Xeranthemum  (Subtribe  Carlineae). 

In  conduding  the  discussion  of  the  secretory  organs  we  have  still  to  refer 
to  the  occurrence  of  ordinary  cells  of  which  the  contents  are  resinous  or 
resemble  latex,  although  the  cells  are  not  differentiated  as  idioblasts.  In 
some  cases  such  cells  appear  to  occur  in  place  of  secretory  canals  or  latex-sacs. 

To  this  category  bdoug  the  elements  found  in  Echinofs  exalUUus  and  TageUs 
paHUa  and  described  as  resin-cells  on  p.  462,  as  well  as  the  oil-contaming 
endodermis  of  Chaptalia  tomentosa  referred  to  on  the  same  page.  Such  cells  are 
also  found  in  the  followinc;  species  :  Bamadesia  rosea  (bast  of  the  root) ;  Cousifna 
Hystrix  (medullary  rays  of  the  wood  and  bast  of  the  rhizome) ;  Eurybia  argophyOaj 
Cass,  (medullary  and  cortical  parenchjona  of  the  axis  and  petiole) ;  Staehelina 
dubia,  L.  (in  the  bast  (here  tubular),  and  in  the  pericycle  of  the  axis) ;  Tarcho- 
nanthusi^  camphoratus,  L.  (in  the  bast  of  the  axis  and  leaf). 

Among  other  forms  of  excretion  of  oxalate  of  lime  (see  p.  464)  dustered 
crystals,  some  of  which  were  of  large  size,  were  found  by  G.  Fischer  in  numerous 
members  of  the  Vemonieae  and  Eupatorieae  (spedes  of  Bolanosa^  Ertmanihus^ 
Lychnophoray  Pacourina,  VernoniUy  etc.),  and  by  Heering  in  spedes  of  Baccharis. 
Bundles  of  small  acicular  crystals  occasionally  (Cirsium  arvense)  occur  also 
in  the  epidermis  of  the  leaf.  The  small  crystals  covering  the  leaves  in  Liairis 
odoratissttna  consist  of  cumarin. 

To  the  statements  on  the  structure  of  the  leaf  (p.  464)  we  may  add  the 
following  details.  According  to  Greenman,  the  upper  epidermis  m  Senecio 
chalapensis^  Wats.  var.  areolatus^  Greenm.  is  papillose.  According  to  Grimm, 
Vernonia  Luschnathiana  has  a  two-layered  hypoderm  on  the  upper  side  of  the 
leaf.  The  vascular  system  in  the  veins  of  the  leaf  frequently  possesses  a  distinct 
parenchyma-sheath.  For  the  occurrence  of  water-pores  in  the  G>mpositae, 
see  Spanjer,  loc.  cit. 

New  details  as  to  the  structure  of  the  ground  tissue  and  fibrovascular 
system  in  the  stem  of  the  herbaceous  members  of  the  Order  are  to  be  found 
in  the  papers  of  Keseling  on  Achillea  Sect.  Ptarmica,  of  Peter  on  Scorzonera^ 
of  Rruger  on  the  Cichoriaceae,  and  of  P.  Wagner  on  Senecio.  The  structural 
variations,  which  can  be  employed  for  specific  diagnosis,  refer  especially  to 
the  development  of  coUenchyma  and  hard  bast,  the  nattu^  of  the  endodermis 
and  of  the  tissue  composing  the  medullary  ra)^,  and  so  on.    According  to 
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Mdbius  a  feature  deserving  special  mention  is  the  peculiar  occurrence  of 
assimilatory  tissue  in  the  primary  cortex  of  XatUhium  strumarium ;  this  tissue 
is  confined  to  short  strips  on  the  stem,  the  epidermis  above  these  strips  aloii^ 
containing  stomata. 

Septation  of  the  pith  has  been  observed  by  Harshberger  and  Greenman 
in  the  xerophilous  species,  Senedo  praecoxy  DC,  while  in  other  species  of 
Senecio  the  central  portion  of  the  pith  commonly  undergoes  resorption.  The 
dividing  septa  in  S.  praecox  are  formed  by  cells  which  store  up  water. 

We  will  now  turn  our  attention  to  the  anomalous  structure  presented 
by  the  axis  in  many  Cichoriaceae  and  certain  representatives  of  other  tribes, 
the  previous,  description  of  which  was  comprised  under  the  heading  of 
*  medullaiy  bundles '  (phloem-  and  vascular  bundles,  see  p.  467).  We  may 
first  mention  that  recent  investigations  dealing  with  these  anomalies  have 
been  published  by  A.  Peter  (on  Scorzonera),  Kriiger  (on  the  Cichoriaceae), 
and  Col  (on  the  Tubuliflorae).  In  addition  to  the  modifications  previously 
described,  a  further  one  has  been  observed  in  certain  species  of  the  genus 
Scorzonera  ;  in  this  case  medullary  vasctdar  bundles  do  not  stand  out  plainly 
in  the  transverse  section  of  the  stem,  all  the  bundles  being  arranged  m  two 
or  more  not  very  distinct  rings  ;  a  similar  structure  is  met  with  also  in  certain 
species  of  Centaurea^  e.  g.  C.  acaidis  and  C.  alata  (see  under  *  cortical  bundles,' 
3.  468).  According  to  Peter  and  Kriiger  some  of  the  manifold  variations, 
^ound  even  within  the  limits  of  one  and  the  same  genus  in  the  Cichoriaceae, 
are  of  value  in  specific  diagnosis  ;  in  illustration  of  this  statement  the  synopsis 
of  these  characters  in  the  genus  Scorzonera  may  be  quoted  from  Peter's 
work. 


f< 


The  species  of  Scorzonera  may  be  classified  in  the  following  four  groups : 
I.  Vascular  bundles  coUateral  with  normal  orientation  (i.  e.  wood  on  the  inner  and 
bast  on  the  outer  side)  and  arranged  in  several  indistinct  rings,  as  seen  in  the  trans- 
verse section  of  the  stem  :  5.  eriospertna,  M.  Bieb.,  5.  hirsuia,  L.,  5.  ensi folia,  M.  Bieb., 
5.  nervosa,  Trev.,  5.  creiica,  Willd.,  5.  tomentosa,  L.  II.  Vascular  bundles  of  unequal 
size,  collateral,  and  normally  orientated,  showing  a  rather  distinct  arrangement 
in  two  rin^ :  5.  rigida,  Auch.,  5.  pygmaea,  Sibth.,  5.  s%ibaphyUa,  Boiss.,  5.  ramo- 
sissima,  DC.,  5.  cinerea,  Boiss.  III.  Vascular  bundles  in  a  simple  ring  with  normal 
orientation,  the  pith  containing  scattered  strands  of  soft  bast  wim  or  without 
a  rudimentary  xylem-mass,  the  medullary  bimdles  in  the  former  case  being  in- 
versely orientated ;  in  this  group  the  peripheral  vascular  bundles  are  either  (a) 
bicollateral  t  5.  latifolia.  Vis.,  5.  mollis,  M,  Bieb.,  5.  elaia,  Boiss.,  5.  hispanioa, 
L.,  5.  papposa,  DC.,  5.  incisa,  DC.,  5.  limnophila^  Boiss. ;  or  (b)  collateral :  5. 
aristata,  Kam.  IV.  Vascular  bundles  in  a  simple  ring  with  normal  orientation, 
medullary  strands  absent;  the  vascular  bundles  being  either  (a)  bicollateral: 
S.  stricta,  Homem.,  S.  inaequiscapa,  Boiss.,  S.  croci folia,  Sibth.,  S.  macrocefhala, 
DC. ;  or  (6)  collateral :  5.  lanata,  M.  Bieb.,  5.  tuberosa.  Pall.,  5.  humilts,  L., 
5.  parvifolia,  Jacq.,  5.  sericea,  Auch.,  5.  viUosa,  Scop.,  5.  austriaca,  Willd.,  5«  pur- 
purea,  L.,  5.  cUicica,  Boiss.,  5.  eriophora,  DC. 

To  the  list  (p.  467)  of  Cichoriaceous  genera,  in  which  some  of  the  species  at 
least  have  medullary  bundles  (in  the  broader  sense)  in  the  stem,  we  may  add 
Hymenonema ;  amon^  the  genera  of  Cichoriaceae  in  which  medullary  bundles 
are  wanting  we  may  include :  Aposeris,  Haenseleria,  Hispidella,  Lagoseris,  Lygo- 
desmia,  Metabasis,  riotobasis,  Podospermum,  Richardia,  Sonchus,  Tragopogon  and 
Urospermum. 

Outside  the  Cichoriaceae  (see  p.  468)  medullary  vascular  bundles  have  been 
recorded  by  Col  in  Cardopatium  corymbosum  and  Kentrophyllum  lanatum.  Accord- 
ing to  the  same  author  the  leaf-trace  bundles  in  many  Tubuliflorae  exhibit  strands 
of  soft  bast  on  their  inner  side  prior  to  entering  the  ring  of  bundles,  these  strands 
occasionally  joining  up  with  the  outer  phloem  in  an  annular  maimer ;  in  some 
cases  these  intraxylary  strands  of  soft  bast  continue  tiieir  course  on  the  inner  side 
of  the  ring  of  bundles  for  some  little  distance  {Balduina  mtUHftora)  or  they  may 
persist  altogether  (AcHnomeris  altemi folia), 
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To  the  category  of  cortical  vascular  tmndles  we  may  refer  the  bundles 
situated  in  the  pericycle  in  Achillea  filipendulina  (according  to  Vuillemin), 
Madia  sativa,  Airacfylis  cancellaia  and  species  of  AtUhemis  (according  to  Col), 
and  the  vascular  bundles  occasionally  occurring  in  the  cortex  of  HeUtUum 
autumnale  (consisting  of  one  large  bundle  with  smaller  ones  arranged  in  a 
ring ;  likewise  according  to  Col).  We  may  also  mention  here  the  anomalous 
structure  presented  by  the  stem  of  Cynara  CardunctduSy  L.,  and  C.  Sc<dy' 
musy  L.  The  transverse  section  shows  irregularly  arranged  vascular  bundles 
which  are  of  unequal  size  and  occasionally  lie  together  in  groups  of  two  or 
three ;  the  bundles  in  these  groups  may  have  either  the  xylem-  or  phloem- 
portions  directed  towards  one  another.  Cortical  vascular  bundles,  lastly,  are 
found  not  only  in  Senecio  Daria  (see  the  earlier  part  of  this  work),  but  also  in 
S,  coriaceus.  Ait.,  and  S.  macrophyUuSy  M.  Bieb.,  both  belonging  to  the  same 
subsection  Sarracenici  (P.  Wagner). 

Note  (of.  p.  468).  New  examples  of  anomalous  structure  in  the  root  have 
been  observed  in  Thrincia  iuberosa,  DC.  by  Maige,  Gatin,  and  Carano,  and  in 
Atractylis  gummifera,  L.  by  Kerckhoff.  In  the  swoUen  parts  of  the  adventitious 
roots,  arising  from  the  base  of  the  stem  in  Thrincia  tuberosa,  the  primary  xylem- 
l^roups  of  the  vascular  system  become  surrounded  by  a  meristematic  ring,  which 
IS  derived  from  the  normal  cambium  and  produces  wood  internally  and  bast  exter- 
nally. In  this  way  the  primary  xylem-groups  become  transformed  into  steles. — 
The  anomaly  shown  by  the  tap-root  of  Atractylis  gummifera  consists  in  the  occur- 
rence of  successive  concentric  rings  of  vascular  bundles  in  the  wood.  The  bundles 
of  the  first  rin^  show  inverse  orientation  (the  xylem  being  on  the  outside),  those 
of  the  second  nng  normal  orientation,  those  of  the  third  again  inverse  orientation, 
and  so  on.  In  this  way  Kerckhoff  was  able  to  distinguish  five  rings  of  bundles  in 
a  root  of  some  thickness.  At  certain  points  groups  of  vascular  bundles  belonging 
to  the  two  inner  rings  unite  to  form  actual  steles.  The  anomalous  structure  just 
described  can  also  be  detected  in  an  early  stage  of  development  in  axial  parts  of 
the  root-stock. 

Utermtiire:  Ulilworm,  Entwicklnngigesch.  d.  Tricboroe,  Bot.  Zdt,  1873,  p.  8a6.— Faivre, 
Tragopogpn  porrifoiiusp  Comptes  rendos  Paris,  Ixxzviii^  1879,  pp.  269-72 ;  [also  M^.  Acad.  d.  sc, 
letlres  ct  arts  de  Lyon,  xxiii,  1878-9,  pp.  361-41^.] — [Paschkis,  Minder  bek.  Blatter,  Zeitsdir. 
osterreich.  Apotheker-Ver.,  1879,  n.  38  et  wix\, ;  abstr.  in  Tust,  1879,  ii,  p.  336.I — Costantin,  Tiges  a^. 
et  sout.,  Ann.  sc  nat,  s^.  6,  t.  xvi,  1883,  P.  147  et  seq. — Mari^,  Sooencootra,  Th^,  Paris,  1884,  p.  35 
et  seq.  and  pi.  IL— Jadin,  Org.  s^^t.,  Tb^,  Montpellier,  1888,  p.  39  et  seq.— Delpino,  Nettarii 
estranuz.  nelle  Eliantee,  Malpighia,  iii,  i88p,  p.  344. — K.  Miiller,  Freie  Gefassbiindel,  Sitz.  Ber. 
luttorf.  Frennde  Berlin,  1890,  n.  7. — Van  Tie^bem,  ,Faisc.  cnbl^  m6d.  de  la  dge  des  Composit., 
Joam.  de  bot.,  t,  1891,  pp.  343,  344.— Lotbelier,  Epines,  Tb^,  Paris,  1893,  p.  46  and  pi.  i.— 
[Tognini,  Stomi,  Atti  1st.  bot.  Payia,  1894.]— Boergesen,  Arkt.  pi.  bladbygn.,  Bot.  Tidsskrift,  xix, 
1895,  p.  319  et  seq. — KerckbofT,  Cariina  acauUs  and  Atractylis  gummifera^  Diss.,  Erlai^gen,  1896, 
pp.  33-49  <^^  '^^^* — [PArroentier,  in  M^m.  Soc.  d*6mulation  Doubs,  1896,  p.  337  {firigerof^!\ — 
f  Rowley,  Aeration  etc.  in  Mikania^  Proceed.  Aroeric.  Microscop.  Soc,  xv,  1897?,  pp.  143-66.} — 
Schubert,  Parencbymscbeiden,  Bot.  CentralbL,  1897,  iv,  p.  63. — Ph.  Wagner,  Neuere  Drogen,  Diss., 
Erlangen,  1897,  pp.  67-77  {Sfiilanihes), — G.  Fischer,  Vergl.  Anat.  d.  Bl.  d.  Compositen,  Diss., 
Erlangen,  1898,  110  pp.,  4  Tab.  (Eapatorieae  and  Vemonieae). — Gnflroy,  ^ibmia<m,  Bull.  Soc.  bot. 
de  France,  1898,  p.  343. — Harsbberger,  Senecio  praecoXy  Contrib.  Bot  Laborat.  Pennsylvania  Unir., 
ii,  1898,  pp.  31-40  and  pi.  vii,  viii.— Keseling,  Entwicklungsgescb.  u.  vergL  Anat  d.  Axen  d. 
Sekt  Ptarmica  d.  Genus  Achillea^  Diss.,  Lausanne,  1898,  69  pp.,  5  Tab. — ^Fr.  Kriiger,  Anat 
Bau  d.  Stengels  bei  den  Compositae-Cichoriaceae,  Diss.,  Gdttingen,  1898,  80  pp. — No^  tod 
Archen^g,  Blattborsten  von  Cirsium  horridum^  &sterreich.  bot  Zeitschr.,  1898,  pp.  409-13,  and 
Tab.  xi. — A.  Peter,  Anat.  Bau  d.  Steng.  in  der  Gatt  Scorzotura^  Gottinger  Nacbr.  d.  Gesellsch.  d.  W., 

1898,  pp.  9-30. — Schinz,  Sphaeranthus  epigaeuSy  Bull.  Herbier  Boissier,  1898,  pi.  16. — Spanjer, 
Wasserapparate,  Bot.  Zeit.,  1898,  i,  p.  54.--Gbapus,  Senecio  leucoHlhemifolius,  Th^,  MontpeUier, 

1899,  PP*  I4-22* — Col,  Appareil  s^cr^t.,  Joum.  de  bot.,  xiii,  1899,  pp.  334-40. — Heering,  Assimila^ 
tionsorg.  d.  Gatt.  Baccharis,  in  Engler,  Bot  Jabrb.,  xxvii,  1899,  pp.  446-84;  and  Diss.,  Kiel. — 
Hirscb,  Entwickl.  d.  Haare,  Diss.,  Berlin,  1899,  p.  33  et  seq. — P.  Wagner,  Vergl.  anat  Untersuch. 
d.  Achsen  d.  Gatt  Senecio,  Diss.,  Lausanne,  1899,  115  pp.,  6  Tab.—Keamy,  in  Contrib.  U.  S.  N. 
Herb.,  v,  n.  5,  1900,  pp.  305-9. — Paulesco,  Struct,  anat.  des  bybrides,  Th^,  Genive,  1900,  p.  39  et 
•seq.  {Achillea J  Seneci^  Cirsium). — Schleichert,  Xerophyten  bei  Jena,  Naturwiss.  Zeitschr.,  1900, 
p.  4S^{Centaurea), — Thomas,  Feuillessont,Th^,  Paris,  1900. — Tnnmann,SekretdrUsen,  Diss., Bern, 
Z900,  pp.  44-8  and  Tab. — Col,  App.  s^cr^..  Journal  de  bot,  xv,  1901,  pp.  166-8. — Dye,  Unterird. 
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Org.  V.  Valeriana,  Rheum  n.  Inula,  Diss.,  Bern,  1901,  pp.  65-87  and  Tab.  ii,  iii.— Fenilloux, 
Appardl  tect.  et  glandul.  d.  Composit,  Th^,  Paris,  1901,  71  pp. — [Lloyd,  Anat  of  Chrysoma 
Paucifiosculosa,  Biul.  Torrey  bot  Cfnb,  1901,  p.  445 ;  abstr.  in  Just,  1901,  ii,  p.  380.]— Lund  Samsoe 
og  R^itrnp,  Cirsium  arvense,  K.  Dandce  Vidcauk.  Selsk.  Skrifter,  x,  1901,  313  pp.,  3  Tab.,  eipedally 
p.  331  et  seq.  and  R^som^,  p.  306. — Molisch,  Milchs.  n.  Schleims.,  1901,  Dp.  67  and  7T. — Bouygnes, 
Petiole,  Thoe,  Paris,  1903,  p.  17. — Briquet,  Monogr.  d.  Centaur^  des  alp.  marit,  B&le  et  Gen^, 
1903,  pp.  3  and  17  et  seq.— Clauditz,  Blattanat  canar.  Gew.,  Diss.,  Basel,  190a,  pp.  13,  14  i^Kleinia). 
— Falmcins,  Lanbblattanat.,  Beih.  z,  bot.  Centralbl.,  xii,  190a,  p.  314  (5ipn^f^).---Greenman. 
Honogr.  d.  nord-  u.  zentralamerik.  A.  d.  Gatt.  Senecio,  in  Eugler,  Bot.  Jahrb.,  xxxii,  1903,  pp.  4,  6 
and  8  et  seq. — Hohlke,  in  Beih.  z.  bot  Centralbl.,  xi,  i()02,  p.  41. — Maige  et  Gatin,  Stmct  rac. 
tubercnl.  da  Tkrincia  hirta,  Comptet  rendns,  Paris,  cxxxiv,  1903,  pp.  303,  303. — Mardner,  Phan.- 
Veget  d.  Keignelen,  Diss.,  Basel,  1903,  pp.  18-32  {/CotukC). — ^Neger,  in  Beih.  z.  bot  Centralbl.,  xi, 

1903,  p.  553. — Tobler,  Urspmng  des  peripher.  Stammgew.,  in  Pringsheim  Jahrb.,  1903,  p.  I39.et  seq. 
— [Armari,  Piante  della  reg.  medit,  Ann.  di  Bot,  i,  1903,  p.  17  et  seq.  (^Artemisia,  Senedo),'] — 
[Carano,  Stmtt  delle  radid  tnberizzate  del  Tkrincia  tuberosa,  Ann.  di  Bot.,  i,  1903,  pp.  1 99-305, 
tab.  X ;  abstr.  in  Bot  CentndbL,  xcv,  p.  359.] — Col,  Appareil  sto^tenr  int.  d.  Composit,  Thte, 
Paris,  1903,  135  pp.;  sep.  copy  from  Joom.  de  bot,  1903,  pp.  353  and  389  et  seq.,  and  1904^ 
pp.  no  and  153  et  seq. — [Kapler,  Anat  and  phys.  of  Baccharis  genistelloides,  Ball.  Torrey  bot  dab, 
XXX,  1903,  pp.  685-96 ;  abstr.  in  Bot.  Centralbl.,  xcv,  p.  390.]— Theorin,  VaxttrichooL,  Arkiv  for 
Bot,  i,  1903,  p.  153.— Chrysler,  Strand  plants,  Bot.  Gazette,  xxxvii,  1904,  p.  461  {Xanthium). — 
Col,  Faisceaax,  Ann.  sc.  nat,  yh.  8,  t.  xx,  1904,  pp.  133,  183,  and  331  et  seq.— Freidenfeldt,  Anat 
Baa  d.  Warzel,  Bibl.  bot,  Heft  61,  1904,  p.  74.— Grimm,  Vergl.  Anat.  d.  Composit-Blatter,  Diss., 
Kiel,  1904,  pp.  4-33  {Vemcnia), — "Mobixa,  XanlAium  strumariunty  Ber.  deatsch.  bot.  Gesellsch., 

1904,  ppb  500-70  and  Tab.  xxv.— SQssengath,  Behaarungsverh.  d.  Wiirzb.  Muschelkalkpfl.,  Diss., 
Wiirzbarg,  1904,  pp.  37-43. — Theorin,  Vaxttrichom.,  Arkiv  for  Bot,  iii,  n.  5,  1904,  pp.  8,  I3  and 
15. — ^Areschoag,  Trop.  vaxt  bladbyggn.,  Sv.  Vet  Akad.  Handl.,  39,  n.  3,  1905,  pp.  139,  140 
(Vem^a). — Kniep,  Milchsaft,  Flora,  1905,  pp.  171-6. — ^Mavas,  Milchrohr.  in  den  Bl.,  Beih.  z.  bot 
Centralbl.,  xviii,  i.  Abt,  1905,  pp.  383-5. — Sarton,  Anat.  d.  pi.  affines,  Ann.  sc.  nat,  ser.  9,  t  ii,  1905, 
pp.  94,  95  and  105,  106  {Achillea,  Taraxacum), — ^Theorin,  Vaxttrichom.,  Arkiv  for  Bot,  iv,  n.  i8» 

1905,  pp.  3,  5,  9,  10  and  II. — ^Weberbauer,  Vegetat.  d.  Hochanden  Perns,  in  Engler,  Bot.  Jahrb., 
»«▼»>»  >905i  p.  60  et  seq. — [Altan,  Senecio  Jacobaea,  Pharm.  Post,  1906,  p.  485.]— Boodle,  Unifica- 
tion of  phloem  in  Helianthus,  Ann.  of  bot,  xx,  1906,  pp.  319-ai. — [Brezina,  Beitr.  z.  Anat.  d.  Uolzea 
der  Composit.,  Sitz.  Ber.  Wiener  Akad.,  1906,  19  pp.,  3  Tab.] — Danpbin^,  Rhizomes,  Ann.  sc.  nat., 
s^r.  9,  t  iii,  1906,  pp.  337,  349  and  35a  et  seq. — [For  additional  literatare,  see  p.  1170.] 

CANDOLLEACEAE  (STYLIDIACEAE)  (pp.  469-471). 

Bums*s  recent  investigations  on  the  structure  of  the  axis  and  leaf  in  the 
genus  Styl^idium  form  a  valuable  extension  of  our  previous  knowledge. 

The  anomalous  structure  of  the  stem  in  Stylidium  adnatumy  R.  Br.,  &c. 
does  not,  however,  appear  to  be  quite  fully  explained  even  by  Bums's  work. 
According  to  him  the  broad  ring  of  sclerenchymatous  fibres  (some  of  which 
bear  bordered  pits  in  certain  species)  does  not  arise  from  an  actual  secondary 
meristem,  but  is  merely  a  pericycUc  strengthening  ring,  which  adjoins  the 
fibrovascular  system  on  its  outer  side.  The  groups  of  soft  bast  and  vessels, 
which  are  found  enclosed  in  the  sclerenchymatous  ring  in  old  vegetative  stems 
of  S.  adfuUum  and  S.  fasciculatum,  R.  Br.,  are  stated  by  Bums  to  belong  to 
the  leaf-trace  bundles.  According  to  the  same  authority  the  vascular  bundles 
in  the  vegetative  axes  and  peduncles  are  occasionally  arranged  in  two  rings ; 
in  other  cases  they  are  more  irregularly  distributed,  much  as  in  a  Monocotyle- 
donous  stem.  Their  structure  shows  no  uniformity  in  the  relative  positions  of 
wood  and  bast ;  one  meets  with  collateral  vascular  bimdles  accompanied  by 
transitions  to  concentric  bundles  with  central  phloem ;  vessels  may  occasionally 
be  observed  in  the  phloem  and  now  and  then  (e.g.  in  S.  calcaratum,  R.  Br.) 
isolated  vessels  occur  also  in  the  pith.  The  strengthening  ring  above  men- 
tioned is  5  to  20  cells  in  thickness.  In  those  species  which  have  reduced  leaves 
palisade-parenchyma  composed  of  long  cells  is  found  in  the  stem. 

Regarding  the  structure  of  the  leaf  in  the  species  of  Stylidium  we  may 
mention  the  following  details.  The  epidermis  always  consists  of  a  single  layer 
of  cells,  although  in  many  cases  it  appears  to  be  composed  of  two  or  more  layers. 
The  apparent  presence  of  several  layers  is  due  to  the  fact  that  the  epidermal 

302 


Digitized  by 


Google 


^  ADDENDA— CANDOLLEACEAE 

cells  (as  is  evident  in  longitudinal  sections)  are  tall  and  are  placed 
obliquely  to  the  surface  of  the  leaf ;  two  or  more  epidermal  cells  are  conse- 
quently cut  through  one  after  the  other  by  a  transverse  section  and  seem 
to  lie  above  one  another.  This  phenomenon  is  connected  with  the  prolonged 
apical  growth  of  the  young  leaves.  The  shape  of  the  imbricating  cells  varies 
from  rhombic  (e.  g.  S.  junceumy  R.  Br.)  to  fibrous  (S.  eriopodumy  DC,  S.  piiosum^ 
Labill.,  etc.) ;  their  lumina  may  be  rather  wide  (e.g.  S.  saxifragoideSy  Lindl.)  or 
narrow,  the  cellulose-wall  in  the  latter  case  e^biting  a  correspondingly 
strong  thickening  (e.g.  S.  eriopodum,  DC).  Owing  to  unequaJ  growth  in 
length  the  ends  of  the  epidennal  cells  in  some  cases  appear  as  uneven  pro- 
minences on  the  surface  (5.  scariosum,  DC)  or  margin  (S,  gratninifoUufny  bw.) 
of  the  leaf.  A  typically  one-layered  and  an  apparently  many-layered  epidermis 
are  found  in  species  in  which  petiole  and  lamina  of  the  leaf  are  differen- 
tiated (S.  calcaratuniy  R.  Br.  and  S.  peUolare,  Sond.  with  a  one-layered 
epidermis  ;  S.  pilosum^  Labill.,  S.  redupticatufn^  R.  Br.  and  S.  saxifragaides, 
Undl.  with  an  apparently  many-layered  epidermis),  as  well  as  in  species, 
which  do  not  show  such  a  differentiation  (S.  scandens^  R.  Br.,  with  a  one- 
layered  epidermis ;  5.  eglandulosutn,  F.  v.  M.,  with  an  apparently  many- 
layered  epidermis).  In  certain  species  (e.g.  S.  streptocarpum^  Sond.)  the 
epidermal  cells  Have  a  jagged  outline  in  surface  view,  the  apices  of  the  angles 
in  the  notches  being  thickened.  In  some  cases  (specially  distinct  in  S.  strepio- 
carpum)  the  lateral  walls  of  the  epidermal  cells  bear  true  bordered  pits  side 
by  side  with  simple  pits.  The  stomata  show  differences  of  structure 
within  the  genus  Stylidium.  In  certain  cases  (as  in  S.  enopodum^  DC.)  the 
mother-cell  of  the  guard-cells  is  formed  by  the  first  division  in  the  dermatogen- 
cell.  In  most  of  me  species  (e.g.  in  5.  saxifragaides^  Lindl.)  the  development 
of  the  stomata  takes  place  according  to  the  Rubiaceous  tvpe,  which  is,  how- 
ever, occasionally  somewhat  obscured  in  the  mature  leaf.  The  distribution 
of  the  stomata  on  the  surface  of  the  leaf  varies ;  for  the  most  part  they  are  found 
on  both  sides  of  the  leaves,  but  in  certain  species  they  are  confined  to  one  side, 
which  may  be  either  the  morphologically  lower  or  the  morphologically  upper 
side,  the  latter  under  these  cu-cumstances  being  physiologiotlly  the  lower  side 
owing  to  twisting  of  the  leaf ;  the  latter  case  is  found  in  the  redupUcate  leaves 
of  5.  pUosum,  Labill.  and  5.  redupiicatum,  R.  Br.  In  those  species  in  which 
the  apparently  many-layered  epidermis  has  a  mechanical  function  owing  ta 
the  sclerosis  of  its  cells,  the  stomata  are  not  equally  distributed  over  the 
surface  of  the  leaf,  but  occupy  longitudinal  band-shaped  zones  consisting  of 
a  single  row  of  cells ;  thus,  two  such  zones  are  found  on  either  side  of  the 
leaf  in  5.  eglandulosum,  F.  v.  M.  and  5.  saxifragoides^  Lindl.,  while  in  5.  pihsum 
and  5.  reduplicatutn  there  are  only  two  zones,  which  are  confined  to  the 
morphologically  upper  side  of  the  leaf.  As  a  general  nde  the  stomata 
are  arranged  with  their  pores  directed  parallel  to  one  another  and  to  the 
long  axis  of  the  leaf.  The  mesophyll  is  either  centric  with  palisade  tissue  od 
all  sides  (e.g.  in  the  acicular  leaves)  or  more  or  less  distinctly  bifacial  or  almost 
homogeneous.  Arm-palisade  parenchyma,  occup3ang  either  a  vertical  (S. 
calcaratum)  or  a  horizontal  (5.  eriopodum)  position,  is  occasionally  distinctly 
differentiated.  In  5.  pilosum  the  walls  of  the  assiniilatory  cells  are  thickened 
and  pitted,  much  as  in  the  Cycads,  and  the  same  species  has  spacular  cells, 
which  function  as  a  support  to  the  epidermis.  In  the  long-stalked  leaves  the 
veins  show  an  abundant  development  of  mechanical  tissue  around  the  vascular 
bundles,  while  in  those  leaves,  in  which  the  int^^umental  tissue  is  sclerenchy-* 
matous,  there  is  a  reduction  of  the  mechanical  tissue  in  the  veins. 

Bums  observed  oxalate  of  lime  in  the  form  of  clustered  crystals  in  the 
ground  tissue  of  the  stem  in  certain  species  of  Stylidium  (e.  g.  S.  eriopodum^ 
The  hairy  covering  in  the  genus  Stylidium  comprises  glandukr  hairs  (on  the 
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axis  of  inflorescence  and  on  the  leaves)  and  mucilage-hairs  (at  the  growing- 
points  and  in  the  axils  of  the  leaves).  The  glandular  hairs  vary  very  much  in 
shape.  The  small  glands  of  5.  calcaratum^  K.  Br.,  have  a  biseriate  stalk  and 
a  bicellular  head  divided  by  a  vertical  wall ;  with  them  we  may  class  the 
external  glands  found  in  S.  amoenum^  R.  Br.,  S.  diversifolium,  K.  Br.  and 
S.  redupiicatutn,  R.  Br.,  in  which  the  stalks  are  longer,  though  likewise  bi- 
seriate, and  the  heads  are  divided  by  numerous  vertical  walk  into  a  large 
number  of  approximately  prismatic  cells,  which  show  a  vertical  arrangement. 
The  glandular  hairs  of  o.  pUosum,  Labill.  and  5.  lineatum,  Sw.  exhibit  a  dif- 
ferent type  of  structure  ;  the  first  of  these  species  has  long  club-shaped  external 
glands  provided  with  a  biseriate  stalk,  which  gradually  merges  into  the  head, 
the  latter  being  divided  by  walls  showing  varied  orientation ;  5.  lineatum 
has  glandular  hairs  with  a  long  biseriate  stalk  and  a  spherical  head,  which  is 
likewise  divided  by  walls  running  in  various  directions.  In  the  mucilage-hairs 
the  structure  of  the  head  resembles  that  of  the  external  glands  found  in 
5.  atnoenunif  etc.,  but  the  stalk  is  uniseriate.  In  the  simplest  case  (5.  adnatumy 
R.  Br.)  the  head  of  these  mudlage-hairs  consists  of  a  varying  number  of  rod- 
shaped  cells,  which  are  developed  by  a  series  of  vertical  divisions  in  the  terminal 
cell  of  the  young  hair.  These  cells  become  detached  from  one  another,  while 
the  cuticle  is  raised  in  a  vesicular  manner.  With  the  bursting  of  the  cuticle 
and  the  emission  of  the  mucilaginous  secretion  the  function  of  the  mucilage- 
hairs  in  S.  adnatum  comes  to  an  end.  Other  species,  however,  show  certain 
points  of  difference  from  the  case  just  described.  The  rod-shaped  cells 
in  the  glandular  heads  of  5.  pilosum,  Labill.  first  undergo  transverse  division 
into  two  cells  ;  this  leads  to  the  bursting  of  the  cuticle,  remains  of  which 
persist  at  the  base  of  the  head.  Thereupon  the  rays  of  the  head  (which  are  now 
bicellular)  become  enveloped  by  a  new  cuticle.  In  other  species  (e.g.  S.  saxi- 
J^agaides)  the  transverse  (^vision  of  the  cells  and  the  formation  of  a  new  cuticle 
is  repeated  several  times,  so  that  a  third  or  even  fourth  cuticle  may  be  excreted, 
the  remains  of  the  old  cuticles  being  found  at  the  base  of  the  individual  cells 
in  the  rays  of  the  hair. 

Literature:  Raiinkjspr,  Cellekjseme-Krystalloider,  Bot.  Tidsskrift,  xvi,  1887,  pp.  41-5. — 
LeiseriDg,  Interxylares  Leptom,  Diss.^  Berlin,  1899,  p.  46. — Burns,  Beitr.  z.  Kenntnis  d.  Stylioiaceen, 
Flora,  1900,  pp.  313-54  and  Tab.  xiii,  xiv;  also  Diss.,  Munich. 

GOODENIACEAE  (pp.  471-473). 

Literature:  Leisering,  Interxyl.  Leptom,  Diss.,  Berlin,  1899,  PP-  ^^y  ^7» — [Colozza, Studio anat. 
delle  Gooden.,  Nuovo  Gioro.  bot.  Ital.,  N.S.,  xv,  3, 1907,  pp.  304-36 ;  see  also  the  same  author, 
Bruncnia,  loc.  dt,  pp.  396-303.] 

CAMPANULACEAE  (incl.  LOBELIACEAE)  ( pp.  473-476). 

The  distribution  of  the  laticiferous  vessels  in  the  leaves  of  the  Cam- 
pantiloideae,  Engler  and  Prantl  has  recently  been  determined  from  the 
systematic  point  of  view,  especially  by  H.  Schmidt  in  connexion  with  his  in- 
vestijgations  ^  on  the  structure  of  the  leaf  in  the  group  referred  to.  He  met  with 
laticiferous  vessels  in  all  the  genera  available  for  investigation,  with  the 
single  exception  of  Sphenoclea — a  genus  which  also  differs  from  the  rest  of 
the  Campanuloideae  in  the  possession  of  large  clustered  crystals  of  oxalate  of 
lime,  and  constitutes  a  special  group  (the  Campanuloideae-Sphenocleae)  in 
Schdnland's  system ;  Ostrowskia  likewise  has  laticiferous  vessels,  as  I  have 
found  by  personal  investigation.    The  correctness  of  Poulsen's  statement  as 


*  They  deal  with  all  the  genera  excepting  Ostrowskia, 
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to  the  absence  of  latex  in  Pentaphragma  eUipticum^  Poulsen,  is  open  to  doubt, 
since  H.  Schmidt  demonstrated  latidferous  vessels  in  the  larger  veins  of  the 
leaf  in  P.  beganiaefolium.  Wall.  The  latidferous  tubes  of  the  Campanuloideae 
are  found  in  the  bast  both  in  the  large  and  small  veins,  and  frequently  show 
fine  examples  of  anastomosis.  H.  Schmidt  observed  penetration  of  the  latid- 
ferous tubes  into  the  mesophyll,  only  in  Canarina^  where  Tr&ul  had  previously 
demonstrated  the  same  phenomenon  ;  so  that  the  occurrence  of  these  dements 
in  the  mesophyll  is  certainly  very  rare  in  the  Campanuloideae. 

Ydrac^has  recently  published  observations  on  the  latidferous  system  of 
the  Lobeliaceae.  He  records  latidferous  tubes  in  spedes  of  Ceniropogon^ 
Clermoniiaf  Cyanea^  Delissea,  Dawningiay  HaynaldiUy  HeterotofnOy  Isotoma, 
Laureniia,  Lohdia^  Praiia^  Sclerotheca^  and  Siphocampylus.  The  prindpal 
system  of  anastomosing  laticiferous  vessels  in  these  genera  traverses  the  bast 
of  the  vascular  bujadles  both  in  the  stem  and  leaf.  This  prindpal  system 
undergoes  ramification,  and  from  the  branches  of  the  first  order  ('  rameaux 
laticif^res  *)  thus  formed  further  branches  (*  branches  laticif feres ')  arise,  which  do 
not  anastomose  and  are  not  developed  by  a  process  of  fusion  ;  these  branches 
are  found  in  the  ground  tissue  (pith  and  primary  cortex),  pericyde  and  wood 
of  the  stem,  as  well  as  in  the  mesophyll. 

The  following  details  regarding  the  structure  of  the  leaf  in  the  Campanu- 
loideae are  based  on  H.  Sctmiidt's  and  FeiteFs  investigations.  The  epidermal 
cells  as  a  rule  are  of  medium  size  and  relatively  low ;  their  lateral  walls 
may  be  straight  or  strongly  undulated,  while  in  some  cases  (e.g.  in  LightfooHa 
juncea,  Sond.,  Wahlenhergia  robusUiy  Sond.)  the  outer  walls  are  considerably 
thickened.  The  cuticle  is  for  the  most  part  thin,  its  surface  being  smooth  or 
striated,  or  more  or  less  coarsely  granular.  In  certain  xerophilous  spedes, 
especially  those  belonging  to  genera  endemic  in  the  region  of  the  Cape 
(e.  g.  Merciera,  Microcodon^  Roilla^  Wahlenhergia),  the  upper  epidermis  in  the 
middle  of  the  surface  of  the  leaf  consists  of  cells  with  wide  liunina  and  straight 
lateral  walls,  while  towards  the  margin  of  the  leaf  the  cells  show  a  progressive 
decrease  in  size  and  have  more  or  less  imdulated  lateral  walls.  H.  Schmidt 
records  nodose  thickenings  at  the  points  of  intersection  of  the  lateral  walls  in 
Pentaphragma  hegoniaefolium,  WsJl.  and  Trachelium  rumelianumy  Hampe. 
Papillose  differentiation  of  the  epidermal  cells  is  of  frequent  occurrence,  but 
according  to  H.  Schmidt  it  always  only  affects  isolated  cells  or  (near  the 
margin  of  the  leaf)  groups  of  cells ;  a  typical  papillose  epidermis  was  not 
observed  in  any  species.  The  papillae  are  conical  or  hemispherical  and  in 
some  cases  are  reduced  to  soUd  silicified  knobs.  A  point  deserving  spedal 
mention  is  that  gelatinized  epidermal  cells  were  not  observed  in  any  member 
of  the  Campanuloideae.  The  stomata  as  a  general  rule  are  not  provided  with 
spedal  subsidiary  cells.  The  only  exception  is  furnished  by  Fentaphragma 
(p.  begoniaefolium),  which  is  distinguished  also  by  the  nature  of  its  hairy 
covering  (see  below)  and  constitutes  the  group  Campanuloideae-Penta- 
phragmeae  in  Schonland's  system ;  in  this  genus  there  are  three  narrow 
subsidiary  cells.  In  the  Campanulaceae  investigated  by  Vesque,  moreover, 
the  mother-cell  of  the  guard-cells  is  likewise  not  formed  by  the  first  division, 
but  only  appears  after  a  few  epidermal  cells  have  been  cut  off  from  the  der- 
matogen-cell.    The  stomata  are  found  either  on  both  sides  of  the  leaf  or  only 


*■  Ydrac  also  examined  the  structure  of  the  root,  item  and  leaf.  His  investigations  deal  with  the 
genera  above  enumerated,  in  which  he  studied  the  laticiferous  system,  as  well  as  with  the  geoen 
Ap€t<ihiay  Brighamia^  and  Rhiiocephalum  (,all  the  genera  being  takcin  hi  the  sense  of  Dnrand's 
Index). 

'  Ydrac*s  statement  (too.  cit.,  p.  io6)  that  laticiferous  tubes  are  absent  ki  Lobelia  Dorimanna^ 
L.  Is  incorrect,  since  the  mesophyll  in  this  species  is  traversed  by  a  very  well  developed  network  of 
laticiferous  tube^. 
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on  the  lower  side ;  according  to  Wettstein  HedraeatUhus  Pumilio,  Porta  is 
exceptional  in  having  the  stomata  confined  to  the  upper  side.  The  stomata 
generally  lie  on  a  level  with  the  epidermis  or  are  slightly  raised  or  (rarely, 
e.  g.  in  SphenocUa)  depressed.  In  the  species  provided  with  narrow  leaves 
the  pores  of  the  stomata  are  placed  parallel  to  the  midrib.  Water-pores  are 
present  in  the  majority  of  the  species,  but  are  mostly  of  no  great  size ;  varying 
numbers  (for  the  most  part  2-0)  of  these  pores  are  associated  with  undulated 
epidermal  cells  to  form  groups,  which  are  invariably  found  on  the  upper 
surface  near  the  margin  of  the  leaf  and  are  occasionally  situated  on  special 
prominences  of  the  leaf -surface  or  on  the  leaf-teeth.  The  mesophyll  may  be 
centric,  bifacial  or  homogeneous.  A  specially  noteworthy  feature,  not  previously 
recorded  in  this  Order,  is  the  occurrence  of  arm-palisade  parenchvma,  in 
species  of  Adenophara,  Campanula^  Campanumaea,  Canarina^  Cephcdostigma^ 
dodonopsiSy  Heterocodon,  Jastone^  Leptocodon^  Musschia^  Ostrowskia  (according 
to  my  own  investigation),  Pentaphragma  (P.  eUipticum^  according  to  Poulsen), 
Peracarpaf  PUUycodon,  Pristnalocarpus,  Symphyandra  and  nahUnbergia, 
Peculiar  spongy  tissue  formed  by  rows  of  hypha-Uke  cells  and  traversed  by 
large  intercellular  spaces  is  found  in  Lightfooiia  cUiata,  Sond.,  L.  fasciculaUiy 
DC,  L.  rubioideSy  DC,  &c.  In  WahUnbergia  prostraUiy  DC  the  transverse 
section  of  the  leaf,  which  is  roughly  four-sided,  shows  an  extensive  semilimar 
complex  of  aqueous  cells  with  wide  lumina,  beneath  the  upper  epidermis  ; 
below  this  hypoderm  one  first  meets  with  spongy  tissue  and  then  with  a  single 
layer  of  palisade  tissue.  A  similar  hypodermal  layer  of  aqueous  tissue,  which, 
however,  in  this  case  still  contains  cWorophyll,  is  foimd  on  the  upper  side  of 
the  leaf  also  in  W,  capUlaceay  DC  Other  xerophilous  members  of  the  Order 
have  a  more  or  less  strongly  developed  hj^derm  composed  of  sclerenchy- 
matous  fibres,  e.g.  in  certain  species  of  Cephalostigtna,  Lightfooiiay  MercierUy 
Microcodon,  PrisnuUocarpuSy  Roilla  and  Wahlenbergia.  This  hypodermal 
sclerench3ana  either  merely  forms  crescent-shaped  masses  at  the  margin  of 
the  leaf,  or  extends  somewhat  onto  the  upper  surface,  where  it  ultimately  gives 
rise  to  a  continuous  band  of  sclerenchyma.  In  some  cases  it  is  also  found 
on  the  lower  side  of  the  leaf  beneath  the  vascular  system  of  the  midrib,  but 
separated  from  the  latter  by  assimilatory  tissue.  Hard  bast  is  not  found 
accompanying  the  vascular  bimdles  in  the  veins  of  the  leaf  in  any  member  of 
the  Campanuloideae.  In  its  place  the  xylem-groups  themselves  occasionally 
include  sclerenchymatous  fibres,  e.g.  in  species  of  Lightfooiiay  MicrocodoHy 
Khigiophyllum  and  Wahlenbergia.  In  some  cases  the  median  vein  is  enveloped 
by  a  distinct  parenchjrma-sheath  (e.  g.  in  Rhigiophyllum  squarrosuniy  Hochst.). 

Oxalate  of  lime,  which  prior  to  this  had  been  observed  only  in  Hedraean- 
thus  ^  by  Wettstein,  is  foimd  especially  in  the  form  of  fine  clustered  crystals 
in  SphenocUa.  H.  Schmidt  also  met  with  small  prismatic  or  acicidar  crystals 
of  the  same  salt  in  the  mesophyll  of  certain  species  of  CanarinUy  Heterochaeniay 
Leptocodon  and  Phyteuma ;  crystals  of  this  type  are  no  doubt  more  widely 
distributed,  but  are  easily  overlooked.  Sphaerocrystals  of  unknown  chemical 
composition  have  been  demonstrated  also  in  species  of  Adenophoray  Canarinay 
Musschiay  Phyteumay  Speculariay  Symphyandra  and  Trachelium. 

Schmidt  also  failed  to  find  any  glandular  hairs  in  the  hairy  covering. 
On  the  other  hand,  in  Campanumaea  celebicay  BL,  he  met  with  long  conical 
clothing  hairs  composed  of  a  single  row  of  4-7  cells  with  thin  walls  and 
wide  limiina,  while  in  Pentaphragma  begoniaefoliumy  Wall.,  he  observed  multi- 
cellular clothing  hairs  with  two  or  more  arms  ;  the  latter  consist  of  a  short  stalk. 


*  Wettstein  (loc.  cit,  p.  187)  refers  to  the  rare  occurrence  of  crystals;  he  records  dnstered 
crystals  in  the  stem  of  N,  serbkus^  Kern.,  and  *  raphides*  (probably  not  true  raphides,  sec  above) 
in  the  anthers  of  H.  PumiliOy  Pof ta. 
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one  or  more  cells  in  breadth,  and  uniseriate  arms,  which  are  placed  more 
or  less  parallel  to  the  surface  of  the  leaf  and  are  composed  of  rather  short 
cells,  with  moderately  thick  walls  and  wide  limiina.  For  the  rest,  how- 
ever, only  miicellular  clothing  hairs  have  been  found ;  these  vary  in  length, 
in  the  thickness  of  their  walls  and  in  the  width  of  their  lumina,  and 
have  a  smooth,  striate,  granular  or  verrucose  surface.  In  most  cases  these 
hairs  are  pointed,  rardy  blunt  (elongated  and  finger-shaped  in  Codonopsis ; 

Kovided  with  a  slightly  swollen  capitate  end  in  Phyteuma  pinnatum,  L.). 
the  species  of  Campanula  the  walls  of  the  hairs  are  commonly  calcified 
and  in  some  cases  the  neighbouring  cells  are  raised  to  form  a  pedestal  bearing 
the  hair.  The  bases  of  the  hairs,  moreover,  occasionally  contain  silicified 
protuberances  resembling  cystoliths  ;  in  certain  species  the  latter  occur  also 
in  the  papillose  and  non-papillose  epidermal  cells  of  the  margin  of  the  leaf 
(being  situated  either  in  the  comers  or  in  the  middle  of  the  outer  wall)  or  in 
the  sub^diary  cells  of  the  hairs  (in  the  same  way  as  in  LUhospermum). 

For  the  occurrence  of  steles  in  the  petiole  of  Campanula  rapunculoides^ 
see  Bouygues,  loc.  cit. 

With  reference  to  the  structure  of  the  st^n  in  the  Campanuloideae  we 
may  add  that  according  to  Pitard  the  pericycle  contains  a  ring  of  fibres  only 
in  Platycodon  ;  at  later  stages  stone-cells  become  intercalated  in  this  ring. 

The  following  account  of  the  structure  of  the  leaf  in  the  Lobeliaceae  is 
based  on  the  results  of  Ydrac's  work.  The  stomata  are  either  confined  to  the 
lower  side  or  occur  on  both  sides  ;  they  have  no  subsidiary  cells.  Water-pores 
are  present  on  the  leaf-teeth.  The  mesophyll  is  bifacial  or  homogeneous. 
Oxalate  of  lime  has  not  been  observed.  The  hairy  covering  consists  only  of 
clothing  hairs,  which  are  generally  unicellular  (IsoUma,  Lohdia^  Siphocampylus) 
or  uniseriate  (Pratia,  Siphocampylus)  and  have  scarcely  thickened  walls,  which 
frequently  show  a  verrucose  surface.  A  special  form  of  hair  is  distinctive 
of  Siphocampylus  Columnae,  i.e.  tufted  hairs  having  eight  or  more  rays  and 
seated  on  a  multicellular  stsdk  (see  also  Bentham  and  Hooker,  Gen.  Plant.,  ii, 

p.  548). 

According  to  Ydrac  the  structure  of  the  stem  in  the  Lobeliaceae  likewise 
shows  very  few  striking  features.  The  cork,  which  is  rarely  formed,  arises  in 
the  outer  parenchyma  of  the  primary  cortex  (CUrmontia  grandiflora.  Gaud, 
and  C  macrocarpa.  Gaud.),  or  in  some  cases  in  the  subepidermal  layer  of  ceUs 
(Apetakia  rajaieensiSy  Baill.,  Lobelia  excelsa,  Lesch.,  and  Siphocampylus  biser- 
raluSy  A.  dC).  The  primary  cortex  is  not  uncommonly  collenchymatous, 
while  in  Downingia  degans.  Ton*,  and  Lobdia  Dortmanna^  L.  it  contains 
large  lacunae.  In  most  cases  the  endodermis  is  distinctly  developed  and 
provided  with  Caspary's  dots.  The  pericycle  includes  sclerench5ana  (with 
wide  Imnina)  only  in  Lobdia  Dorhnanna.  There  is  no  sclerenchyma  in  the  soft 
bast.  In  Pratia  montana^  Hassk.  and  Isolobus  radicans,  A.  DC.  the  fibro- 
vascular  system  consists  of  two  arcs  of  wood  and  bast.  The  cells  of  the  pith 
may  or  may  not  be  lignified ;  in  some  cases  the  central  portion  of  the  pith 
becomes  resorbed  and  gives  way  to  a  lacuna  (Lobelia  guadalupensiSy  Urb.,  etc.). 

According  to  Col  medullary  phloem-  and  vascular  bundles  occur  also  at 
some  points  in  the  stem  of  Campanula  rapunculoides^  and  are  present  in  the 
petioles  and  veins  of  the  leaf  not  only  in  those  members  of  the  Order,  which 
have  axes  with  anomalous  structure,  but  also  in  many  which  are  normal. 
In  the  members  of  the  Lobeliaceae,  investigated  by  Ydrac,  these  bundles  are 
absent.  In  the  wood  of  the  root  of  Campanula  pyramidalis  J.  E.  Weiss 
observed  concentric  vascular  bundles,  which  form  a  continuation  of  the 
medullary  bundles  of  the  stem. 

Literature:  Costantin,  Tiges  a^-.  et  sout.,  Ann.  sc.  nat,  s^r.  6,  t.  xvi,  1883,  p.  161  et  seq. — 
Boergesen,  Arkt.  pi.  bladbygn.,  Bot.  Tidsskrift,  xix,  1895,  p.  219  et  seq. — Spanjer,  Wasserapparate, 
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Bot.  Zelt.,  1898,  i,  p.  55.^Minden,  Waisersez.  Organe,  Bibl.  bot.,  Heft  46,  1899,  pp.  33  and  34 
CJMelia,  Campanula), — Banmetzky,  Faiac.  bicolL,  Ann.  sc  nat.,  ser.  8,  t  xii,  1900,  pp.  295-^ — 
Feitel,  Vergl.  Anat.  d.  Lanbbl.  bei  den  Cnmpanol.  der  Capflora,  Bot.  Centralbl.,  1900,  pp.  4,  41,  97, 
1  ao,  and  161  et  seq. ;  alao  Diss.,  Kiel  {IVahlenbergiaj  Ligh^ootia^  Microcodofiy  Reella^  PHsmatocatfus), 
— fitaid,  PMcyde,  Thde,  Bordeanx,  1901,  p.49.— [Baar,  Milchrohr.,  Sitz.  Ber.  Lotos  f.  Bohmen, 
xxii,  1903,  n.  4,  5.1 — Bonygues,  Petiole,  Th^,  Paris,  190a,  pp.  13  and  73.~Poalsen,  Pmtaphragma 
elHiticuniy  Vidensk.  Meddelels.  Naturh.  Forening,  Kj^benhaTn,  1903,  pp.  319-30,  pi.  iv,  v. — Sylven, 
Lobelia  Dortrnattfta,  Arkiv  £br  Bot.,  i,  1903,  p.  377  et  seq. — Col,  Faisceaux,  Ann.  ac.  nat.,  s^.  8, 
t.  XX,  1904,  pp.  19-97}  315  and  359^61.— Freidenfeldt,  Anat.  Ban  d.  Wurzel,  Bibl.  bot.,  Heft  61, 

1904,  pp.  73,  74.— Paoll,  Eterofillia,  Nuovo  Giorn.  bot.  Ital.,  N.  S.,  xi,  1904,  p.  327.— H.  Schmidt, 
Syst.-anat.  Untersnch.  d.  Bl.  der  Campannloideen,  Diss.,  £rlangen,  1904,  103  pp. — SUssengnth, 
Behaarungsverh.  d.  Wiirzb.  Muschelkalkpfl.,  Diss.,  Wiirzburg,  1904,  p.  43.~Haberlandt,  Lichtsinnes* 
org.,  1905,  p.  70,  Tab.  i. — Kniep,  Milchrohr.,  Flora,  1905,  pp.  169-71. — Mayns,  Milchrohr.,  Beih.  z, 
bot.  Centralbl.,  xTiii,  Abt.  1,  1905,  pp.  281,  282.— Theorin,  Vaxttrichom.,  Arkiv  for  Bot.,  iv,  n.  18, 

1905,  p.  21. — Ydrac,  Appareil  laticifere  des  Lob^Uac^es,  Jonm.  de  bot.,  1905,  pp.  12-20;  also  in 
Perrot,  Travaux,  ii.— Ydrac,  Rech.  anat.  snr  les  Lob^liac^,  1905,  in  Perrot,  Travaux,  iii,  1906, 
165  pp. ;  also  ThHe,  Paris.~Holtermann,  Einfioss  des  Klimas,  etc.,  1907,  Tab.  ix.  Fig.  45.— [For 
further  literatnre,  see  p.  1169.] 

VACCINIACEAE  (pp.  476-479). 

According  to  Poulsen  extrafloral  nectaries,  appearing  as  disc-shaped 
structures  with  a  raised  rim,  are  found  at  the  base  of  the  lamina  of  the  leaf  in 
Vaccinium  Teysmanni,  Miq.  They  are  provided  with  an  irregular  epidermis, 
below  which  Ues  a  spherical  complex  of  small-celled  tissue  in  which  the  nectar 
is  secreted,  while  the  inner  part  of  this  tissue  is  enclasped  by  the  ramifications 
of  a  vasciilar  bimdle  which  branches  off  from  the  petiolar  system. 

Literature :  lAtonr,  S^ne,  Th^,  Montpellier,  1894,  p.  40  et  seq.— Boergesen,  Arkt.  pi.  bladbygn., 
Bot.  Tidsskrift,  xix,  1895,  p.  219  et  seq.— Poulsen,  Extraflorale  Nektarier,  Vidensk.  Meddelels. 
Natnrh.  For.  KJ0benhavn,  1897,  pp.  365-8.— Roedler,  Assimilator.  Gewebesyst.,  Diss.,  Freibnrg  i. 
d.  Schw.,  1898-9,  p.  37.— Petersen,  Vedanatomi,  1901,  pp.  81-3  {Vacciniumy  Oxycoccos), — [For 
further  literature,  see  p.  1172.] 

ERICACEAE  (pp.  479-488). 

2.  Structure  of  the  Leaf.  The  most  important  recent  work  is  Rom- 
mel's investigation  of  the  structure  of  the  leaf  and  stem  in  the  Pyroleae  (Pyrola^ 
Moneses  and  Chimaphila)  and  in  Clethray  and  linsbauer's  paper  on  the  detailed 
structure  and  course  of  development  of  the  pocket-shaped  leaves  of  Cassiope 
tetragona  (cf.  pp.  482,  483). 

The  structure  of  the  leaves  in  the  Pyroleae  is  either  bifacial  (Pyrola  pro 
parte,  Chimaphila)  or  homogeneous  (Pyrola  pro  parte,  Moneses),  while  in 
Clethra  it  is  bifacial.  Clethra  brasiliensiSy  Cham,  et  Schlecht.  has  a  single  layer 
of  hypoderm  on  the  upper  side  of  the  leaf.  Rommel's  statement  that  the 
stomata  in  Clethra  are  invariably  provided  with  two  subsidiary  cells,  which 
are  placed  parallel  to  the  pore,  is  incorrect,  as  I  have  found  by  an  investigation 
of  C.  arboreay  Ait.  There  is  no  sclerenchyma  in  the  veins  in  the  Pyroleae, 
whereas  in  Clethra  it  is  found  accompanying  the  vasciilar  bundles.  For  the 
occurrence  of  rolled  leaves  in  the  Ericaceae  and  their  structure,  see  also  Knob- 
lauch, loc.  cit. 

Oxalate  of  lime  is  present  in  the  form  of  clustered  crj^tals  also  in  the 
Pyroleae  and  in  Clethra,  For  the  occurrence  of  nuclear  crystalloids  in  the 
vegetative  organs  of  Pyrola  and  Chimaphila,  see  Raimkjaer,  loc.  dt. 

In  connexion  with  the  section  on  the  hairy  covering  we  may  specially 
draw  attention  to  Boergesen's  paper,  which  also  deals  with  the  mode  of  develop- 
ment of  the  hairs.  Unicellular  bristle-hairs  are  found  in  species  of  Cassiope, 
Erica,  Kalmia,  Ledum,  Loisdeuria,  Menziesia,  PhyUodoce  and  Rhododendron, 
while  multicellular  woolly  hairs  occur  in  species  of  Azalea,  Clethra,  Erica, 
Ledum,  Leucothoi',  Lyonia  and  Rhododendron,     Long  club-shaped  glandular 
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hairs  composed  of  two  rows  of  cells  are  present  also  in  Loisdemia  procumbens, 
Desv.  and  PhyUodoce  coeruUay  *  Gr.  et  uodr/ ;  sessile  external  glands  vaiying 
in  shape  from  ellipsoidal  to  ovate  and  formed  by  a  single  row  of  cells,  in  Cos- 
slope  tetragana,  Don  ;  glandular  hairs  with  a  mvdtiseriate  stalk  and  a  spherical 
bead  composed  of  numerous  cells,  in  Epigaea  repcnSy  L. 

3.  Structure  of  the  Axis.  Rommel's  paper  furnishes  new  data  on  the 
structure  of  the  axis  in  the  Pyroleae  and  in  Cletkra,  while  Petersen  has  recently 
examined  the  wood  in  a  relatively  large  number  of  species^ 

In  the  species  recently  investigated  the  wood  likewise  includes  vessels 
which  have  relatively  small  limiina  and  are  for  the  most  part  provided  with 
scalariform  perforations,  while  the  ground-mass  consists  of  wood-prosench)rma 
with  bordered  pits  (tracheids).  Spiral  thitkening  of  the  walls  of  the  vessels 
(at  least  of  some  of  them)  and  tracheids  is  found  in  the  species  of  Arctostaphylos^ 
ArbfUus  and  Daboecia  cited  below,  as  well  as  in  ChimaphUa  umbelkUa^  Nutt.*  ; 
wood-fibres  bearing  simple  pits  have  been  observed  in  Moneses,  Pyrola,  and 
Arbutus  Unedo,  L. 

The  perforations  of  the  vessels  are  stated  to  be  scalariform  only  in :  Andro- 
meda poll  folia  (with  10-20  bars,  which  are  specially  closely  placed),  Cassiope 
tetragona^  Chamaedaphne  calyculata  (with  delicate,  closely  placed  bars),  ChimaphUa 
umbellata  (bars  not  numerous),  Clethra  (with  numerous  bars).  Ledum  falustre  (as 
in  Andromeda  polifolia),  Loiseieuria  procumbens  (with  numerous  dehcate  bars). 
Moneses  grandiflora^  SaHsb.  (with  numerous  bars),  PhyUodoce  coerulea  (with  many 
bars),  Pyrola  (occasionally  with  12-15  bars,  which  may  anastomose  in  a  reticulate 
manner).  Rhododendron  fapponicum  (with  as  many  as  10  bars,  but  mostly  less  ; 
bars  occasionally  reticulate) ;  simple  perforations  occur  side  by  side  with  scalari- 
form perforations  having  few  bars  in :  Arctostaphylos  uva  ursi  (scalariform  per- 
forations with  one  or  two  bars),  Calluna  vulgaris  (small  scalariform  perforations, 
which  may  also  have  a  reticulate  structure) ;  simple  perforations  only  are  present 
in :   Arbutus  Unedo  (elongated  elliptical),  Daboecia  cantabrica.  Erica  feiralix. 

In  some  of  the  species  of  Pyrola  the  cortex  includes  a  ring  of  pericydic 
sclerenchyma,  which  occasionally  gives  rise  to  radial  processes  penetrating 
between  the  vascular  bundles  ;  in  Moneses  grandiflora  and  in  ChimaphUa,  on 
the  other  hand,  there  is  no  such  sclerenchymatous  ring. 

IJteratnre  :  [Paschkis,  Pharroakogn.  Beitr.,  Zeitschr.  osterreich.  Apolhek.-Ver,,  1880,  n.  27,  a8  ; 
ab«tr.  in  Bot.  CentralbL,  1881,  i,  p.  54.]— [Rannkjaer,  Krystalloider,  etc.,  Vidensk.  Meddeleb. 
Naturh.  For.  Kj^benhavn,  1882,  p.  70;  abstr.  in  Bot.  Ccntralbl.,  1883,  ii,  p.  267.] — Boergesen,  Nogle 
Eric-Haars  Udvikl.,  Bot.  Tidsskrift,  xvii,  1890,  pp.  307-14. — Wijnaendts  Francken,  Sclereidin, 
Diss.,  Utrecht,  1890,  pp.  58, 59. — Bocrgesen,  Arkt.  pi.  bladbygn.,  Bot  Tidsskrift,  xix,  1895,  p.  219  ct 
8cq.— [Andersen  and  kallstroem,  Folia  ava  ursi,  etc.,  Nord.  Farm.Tidsskr.,  1S96,  p.  33.] — Knoblauch, 
Okolog.  Anat.  etc.,  Habilitat-Schr.,  Tubingen,  1896,  p.  5  et  seq. — Schubert,  Parenchymscbeiden, 
Bot.  Centralbl.,  1897,  iv,  p.  19. — Holm,  I^rola  aphylla,  Bot.  Gazette,  1898,  p.  249. — Rommel, 
Anat.  Untersucb.  iiber  d.  Gr.  d.  Piroleae  u.  Clethraceae,  Diss.,  Heidelbere,  1898,  53  pp.  and  i  Tab. 
— Kohne,  Papill.  u.  oberseit.  SpaltoflTn.,  Mitteil.  deutsch.  dendrolog.  Geselfsch.,  1899,  p.  59  (Papillae 
in  species  of  Rhododendroti), — Linsbauer,  Vegetationsorg.  von  Cassiope  tetragonay  Don,  Sitz.  Bcr. 
Wiener  Akad.,  cix,  Abt  i,  1900,  18  pp.,  2  Tab. — Paulesco,  Struct,  anat.  des  hybrides,  These, 
Geneve,  1900,  p.  73  (^Rhododendron), — Tunmann,  Sekretdriisen,  Diss.,  Bern,  1900,  pp.  36-8. — Peter- 
sen, Vedanatomi,  1901,  |)p.  72-80.— Clauditz,  Blatlanat  canar.  Gew.,  Diss.,  Basel,  1902,  pp.  33  and 
47  {Erica^  Arbiuus), — i>imon,  Sommer-  u.  wintergriine  Gew.,  Ber.  deutsch.  bot.  Gesellscn.,  1902, 
pp.  239-4a — Theorin,  VAxttrichom.,  Arkiv  for  Bot.,  i,  1903,  p.  159.— [Gyorffi,  Phys.-anat.  Vcih. 
von  Rhododendrum  myrtifolium,  etc..  Diss.,  Koloszvar,  1904  (Hungarian) ;  abstr.  in  Just,  1904,  i, 
p.  771.] — Andrews,  Epigaea  repenSy  Bcih.  2.   bot.  CentralbL,  xix,  i.  Abt.,  1905,  pp.  314-20^ — 


*  viz.:  Andromeda  polifoiia,  L.,  Arbutus  Unedo ^  L.,  Arctostaphylos  uva  ursi,  Spr.,  Calluna 
vulgaris,  Salisb.,  Cassiope  tetragona,  Don,  Chamaedaphne  calyculata,  Moench,  Chimaphila  umbellata^ 
Nutt.,  Daboecia  ccmtabrica,  C.  Koch,  Erica  Tetralix,  L.,  Ledum  patustre,  L.,  Loiseieuria  procum- 
bens, Desv.,  PhyUodoce  coerulea,  Bab.,  Rhododettdron  lapponicum,  Wahlenb. 

*  Rommers  statement  as  to  the  absence  of  vessels  in  the  secondary  wood  of  this  species  is  in- 
correct, and  the  same  applies  to  the  record  of  the  occurrence  of  a  ring  of  iclerenchyma,  etc  See  also 
Petersen,  loc.  cit. 
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Kanngieflser,    Calluna   vulgaris,  in  Tubeaf,    Natnrwiss.   Zeitschr.,   1906,  pp.  55-60.— PicdoH, 
Legnamiy  BnlL  Siena,  1900,  pp.   150  and   166. — Holtermann,  Emfloss  des  Klimas,  etc.,  1907, 

p.  76  and  115  {Rhododendron),-— {GvXUnhttgy  Imn  '     ........  -         .     «     . 

ot.  Jahrb.,  xxxviii,  1907,  p.  434  {Arhuius  {7mrdo),'\ 


pp.  76  and  115  (RMododendron),'—lGuitcnbeTgy  Immergr.  Laubbl.  d.  Mediteiianflora,  in  Engler, 
Hot.  •  "  *  ...  ......... 


MONOTROPEAE  (pp.  489,  490). 

Literatnre  :  MacDongal,  Symbiotic  saprophytism  {Pterospora  andromedea,  Nutt)»  Ann.  of  bot, 
xiiiy  1899,  pp.  31-8. — ^Thomas,  Feoilles  sont,  Th^,  Paris,  1900. — Porsch,  Spaltoffnongsapparat, 
Jena,  1905,  pp.  78-80. 

EPACRIDEAE  (pp.  490-494). 

1.  Review  of  the  Anatomical  Features,  Bordered  pits  have  also 
been  observed  on  the  walls  of  the  fibrous  cells  in  the  pericycle  and  secondary 
hard  bast  (in  the  axis  of  many  Epacrideae).  The  internal  development  of  the 
cork  (in  the  pericycle)  constitutes  an  ordinal  character.  Oxalate  of  lime  occurs 
in  the  form  of  solitary  as  well  as  of  clustered  crystals. 

2.  Structure  of  the  Leaf.  For  the  structure  of  the  epidermis,  see  also 
Baccarini,  loc.  cit.,  p.  81  et  seq.  and  Tab.  IV ;  this  author  deals  especially 
with  the  peculiar  secondary  thickenings  of  the  cell-walls,  which  occur  either 
on  dl  the  walls,  or  only  on  the  outer,  or  on  the  outer  and  lateral  walls  or  on  the 
outer  and  inner  walls ;  these  thickenings  are  occasionally  traversed  by  pits. 

In  the  structure  of  the  mesophyll  we  may  specially  note  that  according  to 
Baccarini  the  palisade-cells  show  bellows-Uke  foldings  in  very  many  species, 
and  that  spicular  fibres  ('  tracheidi ')  extending  up  to  the  epidermis  occur  in 
Andersonia  aristata  and  A,  parvifolia.  According  to  Baccarini  the  presence 
of  bordered  pits  on  the  fibrous  cells  forming  the  sclerenchjrmatous  sheaths  of 
the  veins  is  not  a  feature  of  such  general  distribution  as  was  previously 
maintained  by  Simon. 

Baccarini's  paper  contains  data  for  the  occurrence  of  oxalate  of  lime  in 
the  leaf,  which  very  considerably  add  to  our  previous  knowledge.  Only  solitary 
crj^tals  are  found  accompanying  the  vascular  bundles  of  the  veins ;  in  those 
species  in  which  the  veins  have  strongly  developed  sclerenchymatous  sheaths 
ijiionotoca  lineata^  etc.)  the  crjrstals  are  foimd  in  the  epidermis.  The  mesophyll 
contains  both  solitary  and  clustered  crystals.  '  Made  schejegiate '  (clustered 
crystals  ?)  are  recorded  in  Epacris  heteronema  and  E.  pauciflora^  as  well  as  in 
Leucopogon  flavescens  and  L,  gracillimus ;  short  prisms  are  stated  to  occur 
in  Decaspora  thymifolia  and  Styphelia  trifloray  octohedral  crystals  in  Cyathodes 
dealhata  and  Dracophyllum  verticillcUumy  crossed  twin-crystals  in  Andersonia 
aristatay  A,  micranthay  Acrotrtche  cordata,  A,  serrtdata,  etc.  In  Prionotes  there 
is  no  oxalate  of  lime. 

3.  Structure  of  the  Axis.  New  statements  on  the  structure  of  the 
axis  have  been  published  by  Liiders  and  Baccarini.  The  former,  on  whose 
investigations  the  following  description  is  mainly  based,  examined  species 
of  all  the  twenty-six  genera  enumerated  in  Durand's  Index,  as  well  as  WooUsia 
and  SphenotomUy  which  Drude  regards  as  independent  genera.  No  essentially 
new  features  have,  however,  been  discovered. 

We  will  first  consider  the  structure  of  the  "wood.  The  vessels  have  rela- 
tively small  lumina  and  are  mostly  arranged  in  distinct  radial  rows  ;  a  scattered 
arrangement  is  rarer.  In  the  different  species  the  perforations  of  the  vessels 
are  described  as  being  exclusively  simple  or  exclusively  scalariform  or  both 
simple  and  scalariform :  it  still  remams  to  be  investigated  whether  those 
species  which  are  statea  to  have  simple  perforations  only,  do  not  also  possess 
scalariform  perforations  in  the  primary  wood  or  in  the  neighbourhood  of 
the  latter.    Anastomosis  of  the  bars  in  the  scalariform  perforations  frequently 
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leads  to  the  production  of  reticulate  or  reticulate-scalariform  types  of  perfora- 
tion.  The  only  additional  species  in  which  Liiders  demonstrated  the  modified 
scalariform  perforations,  figured  for  Epacris  heUronema^  Labill.  in  Fig.  112, 
is  E,  lanu^inosay  Labill.,  although  Baccarini  does  not  mention  them  (see  also 
Rodham,  m  Ber.  deutsch.  bot.  Gesellsch.  1890,  p.  190) ;  in  these  perforations 
the  sUts,  which  show  a  scalariform  arrangement,  are  broken  up  into  very  small 
pores  by  numerous  deUcate  and  filiform  bars.  Liiders  observed  spiral  thicken- 
ing of  the  walls  of  the  vessels  in  Acrotriche  aggregaia^  R.  Br.,  Epacris  paludosa^ 
R.  Br.,  E.  purpurascens,  R.  Br.,  Lysinema  ciliatum,  R.  Br.  and  L.  eleganSy  Sond. 

Luders  found  only  simple  perforations  in  the  vessels  in  species  of  Andersonia^ 
Archeria,  Asteroloma,  Brachylomay  Coleanthera,  Conostephium,  Leucopoeon,  Lis- 
santhe,  Melichrus,  Needhamia,  Styphelia  ;  for  the  most  part  simple  perforations, 
but  accompanied  by  scalariform  perforations  with  2-5  bars  or  in  some  cases  only 
a  single  bsu:,  in  species  of  Acrotriche,  Andersonia,  Conostephium,  Cyathodes,  Leuco- 
pogon,  Lissanthe,  Lysinema,  Melichrus  (malformed  perforations),  Oligarrhena, 
Styphelia ;  mostly  scalariform  perforations  in  Monotoca  (with  2-6  bars) ;  only 
scalariform  perforations  in  species  of  Cosmelia  (numerous  bars),  Cyathopsis  (4-10 
bars),  Dracaphvllum  (15-20  or  more  bars),  Epacris  (mostly  4-15  bars,  occasionally 
i~3),  Lebetanthus  (numerous  bars),  Pentachondra  (10-20  or  more  bars),  Prionotes 
(numerous  bars),  Richea  (10-20  bars),  Sphenotoma  (10-15  or  more  bars),  Sprengelia 
(4-20  or  more  bars),  Trochocarpa  (2-12  bars),  Woollsia  (8-12  or  more  bars).  See 
also  Baccarini's  statements  on  this  point,  loc.  cit.,  p.  loi. 

The  medullary  rays  are  mostly  one  or  two  cells  broad.  Baccarini  distinguishes 
two  types  of  medullary  rays  in  the  wood  of  the  Epacrideae.  In  the  first  type 
the  medullary  rays,  which  are  one  or  two  cells  in  breadth  and  vary  from  one  to 
four  cells  in  height,  are  composed  of  prosenchymatous  cells  (Andersonia  aristata^ 
A,  prostrata^  Srachyloma  ericoides^  Coleanihera  myrtoides,  Epacris  impressa^ 
E.  mucronulata^  E,  obtusifolia,  E,  pulchellay  E,  *  splendens,*  Woollsia  pungens) ; 
in  the  second  type  which  is  found  in  the  majority  of  the  Epacrideae,  the  cells 
of  the  medullary  rays,  as  seen  in  longitudinal  section,  are  rectangular  and  elon- 
gated in  the  vertical  direction.  The  medullary  rays  of  the  second  tjrpe  occa- 
sionally attain  a  breadth  of  4-5  or  even  {Trochocarpa  laurina)  eight  cells.  In 
some  cases,  however,  both  tj^es  of  medullary  rays  are  found  in  the  same  species 
(e.g.  in  Epacris  impressa).  The  primary  medimary  rays  of  the  bast  frequently 
broaden  outwards  in  the  form  of  a  wedge  ;  this  is  the  case  in  Lissanlhe  tnontana^ 
R.  Br.,  and  Monotoca  scoparia^  R.  Br.  according  to  Luders,  and  in  Leucopogon 
Richei  according  to  Baccarini.  The  wood-parenchyma  ^  is,  for  the  most  part, 
not  prominently  developed,  but  is  present  in  some  quantity  in  Prionotes 
cerinthoides  R.  Br.  according  to  Liiders,  and  in  Dracophyllum  Urvilleanum, 
Epacris  longiflora,  Richea  Gunniiy  and  Trochocarpa  laurina  according  to 
Baccarini.  In  certain  species  of  Acrotriche,  Leucopogon,  and  Monotoca  cham- 
bered parenchyma  contaming  crystals  is  foimd  in  the  wood  (Liiders).  According 
to  Liiders  the  entire  wood-prosenchyma,  constituting  the  groimd-mass  of  the 
wood,  bears  bordered  pits  ;  according  to  the  same  aulixority,  it  is  provided  with 
a  spiral  band  also  in  Epacris  paludosa,  R.  Br.  On  the  other  hand,  Baccarini 
also  observed  mechanical  fibres  bearing  simple  pits,  although  such  cases  are  of 
rare  occurrence  (Monotoca  scoparia,  Sprengelia  incarnata^  Woollsia  pungens,  and 
species  of  Epacris). 

Regarding  the  structure  of  the  cortex  the  following  details  may  be  men- 
tioned. In  all  cases  in  which  the  primary  cortex  had  remained  intact  in  the 
material  employed  for  investigation  (viz.  in  species  of  all  the  genera  except 
Acrotriche,  Brachyloma,  Needhamia,  and  Sprengelia),  Luders  was  able  to  demon- 

*  Liideii*  stateineiit  that  the  wood-pftrenchyma  occasionally  bears  bordered  pits,  is  probably 
fncorrect  and  may  perhaps  be  attributed  to  the  presence  of  one-sided  bordered  pits  on  the  walls  of  the 
^ressels  where  they  are  in  contact  with  parenchyma. 
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strate  the  presence  of  a  continuous  and  composite  ring  of  sclerenchyma  or  of 
isolated  groups  of  sclerenchymatous  fibres  ^  in  the  pericycle,  and  of  cork  situated 
on  the  inner  side  of  the  latter.  The  fibres  of  the  pericyclic  sclerenchsma,  like 
the  sclerenchymatous  fibres  accompanying  the  vascular  bundles  of  the  veins  (see 
p.  493  and  Fig.  in,  C),  bear  either  bordered  pits  only  (species  of  Andersonia, 
Epacris,  Lystnetna^  WooUsia)  or  bordered  pits  side  by  side  with  simple  pits 
(e.g.  in  species  of  Conostephium^  Dracophyllum,  Leucopogon,  Richea,  Sphenototna). 
The  cells  of  the  cork  have  uniformly  thickened  walls,  and  in  most  of  the  genera 
do  not  show  a  distinct  radial  arrangement ;  the  only  exceptions  in  this  respect 
are  afforded  by  Archeria,  LebeianSius^  and  Prionotes.  Liiders'  investigations 
on  the  course  of  development  of  the  cork  in  those  cases  in  which  the  cork-cells 
exhibit  an  irregular  arrangement,  although  not  yet  sufficiently  extensive,  have 
shown  that  a  typical  cork-cambium  is  reaUy  (cf .  also  p.  493)  not  present  in  these 
forms  ;  regarcung  this  point,  see  also  Baccarini,  loc.  cit.,  pp.  96,  97.  In  many 
species  repeated  formation  of  cork  takes  place  in  the  bast.  In  ntunerous 
members  of  the  Order  the  secondary  bast  contains  bast-fibres,  which  frequently 
constitute  complete  annular  zones  and  give  rise  to  a  stratification  of  the  phloeoi, 
while  in  other  species  they  merely  form  groups  of  varying  size.  Bast-fibres 
were  not  observed  in  a  number  of  species,  but  this  may  possibly  be  due  to  the 
slight  thickness  of  the  branch  examined.  According  to  Liiders  the  secondary 
bast-fibres  in  most  members  of  the  Order  Hkewise  bear  bordered  pits  side  by 
side  with  simple  pits.  In  certain  species  the  secondary  bast  contains  chambered 
parenchyma  with  solitary  crystals. 

According  to  Liiders  the  pith  in  Costneliay  DracophyUum,  and  Richea 
contains  relatively  small  cells,  which  are  distributed  in  a  reticulate  manner 
between  larger  elements,  while  in  DracophyUum  it  includes  peculiar  crystalline 
conglomerates,  which  have  a  corroded  appearance,  and  in  some  cases  resemble 
clustered  crystals  ;  in  other  cases  ordinary  crj^tals  of  oxalate  of  lime  occur  in 
the  pith.  According  to  Baccarini  the  cells  of  the  pith  are  occasionally  collen- 
chymatous  (Monotoca  serrulata)  or  provided  with  thin  walls  {Leucapogon  lanceo- 
lotus  and  L.  amplexicaulis) ;  in  Coleanihera  myrtaides,  moreover,  they  contain 
crystalline  masses,  which  Baccarini  regards  as  consisting  of  carbonate  of  lime, 
owing  to  their  behaviour  when  treated  with  acetic  acid  (solution  accompanied 
by  an  evolution  of  gas). 

Literature :  Liiders,  Stammanatomie  der  Epacrid.,  Diss.,  Heidelberg,  withoat  date  (1900-1), 
pp.  37-82  and  Tab.  ii. — Baccarini,  Anatomia  delle  Epacrid.,  Nnovo  Giom.  bot.  Ital.,N.  S.,  ix,  1903, 
pp.  81-114  and  Tab.  iii-v. 

DIAPENSIACEAE  (p.  494). 

Literatare :  Boergesen,  Arkt.  pi.  bladbygn.,  Bot.  Tidsskrift,  xix,  1895,  p.  219  et  seq. 


PLUMBAGINEAE  (pp.  495-501)/ 

To  the  previous  account  of  the  structure  of  the  leaf  (p.  499)  we  may  add 
that  in  Statice  sinuatay  L.  the  cauline  leaves  develop  paUsade  tissue  and  stomata 
on  both  sides,  while  the  radical  leaves  have  palisade  tissue  (of  a  reduced  type) 
only  on  the  upper  side  and  stomata  only  on  the  lower  side  (Paoli).  Redhch 
has  demonstrated  cortical  vascular  bundles  (see  p.  500)  in  additional  species 
of  Armeria  and  Statice  (incl.  Goniolimon)^  as  well  as  in  species  of  Limoniastrum 
(here  the  bundles  only  traverse  the  cortex  for  a  very  short  distance). 


'  According  to  Baccarini  there  is  no  mechanical  sheath  in  the  pericycle  in  Leu€Opogon  revolutus, 
Oligarrktma  mUrantha,  Monotoca  serntfata  {  =  Acrotriche  serrulata),  and  *  Andersonia  media.* 
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Literature:  Redlich,  GeDUtbundelverlaiif  bei  den  Plunbag.,  Diss.,  ErUngen,  without  date 
(commim.  to  the  noiversity-Ubnry  of  Erlangen  in  1896),  30  pp.— -Schnbert,  Puenchymscheiden,  Bot. 
Centralbl,  1897,  iv,  p.  19.— Wagner,  NeuereDrogen,  Diss.,  Erlangen,  1897,  pp.  13-31  {Plumbago), 
— Leiscring,  Interxylares  Leptom,  Diss.,  Berlin,  1899,  p.  13.— Paoli,  EterofilUa,  Nnovo  Giom.  bot. 
Itol.,  N.  S.,  xi,  1904,  pp.  317-19. 

PRIMULACEAE  (pp.  501-506). 

1.  Review  of  the  Anatomical  Features.  The  following  additions  are 
necessary.  Branched  multicellular  clothing  hairs  are  found  also  in  species  of 
Aretia^  CoriSy  Dionysia,  and  Douglasia.  Oxalate  of  lime  is  absent  only  in  the 
vegetative  organs,  since  in  certain  members  of  the  Order  (e.g.  Coris,  Glaux^ 
Hottonia,  and  Primula)  the  subepidermal  layer  of  the  testa  contains  crystals  of 
this  salt.  Development  of  cork  is  rare,  and  takes  place  in  different  positions, 
viz.  in  the  pericyde  or  in  the  superficial  cell-layers  of  the  primary  cortex. 
Anomalous  structure  of  the  stem  (more  or  less  distinct  polystely,  combined 
with  the  occurrence  of  a  *  rdseau  radidf^re  ')  is  found  also  in  Bryocarpum  and 
Dodecatheon,  Arm-palisade  parenchyma  has  been  observed  in  the  mesophyll 
in  spedes  of  Lysimachia  and  TricfUalis. 

2.  Structure  of  the  Leaf.  The  following  supplementary  details  are 
taken  from  Decrock's  work.  In  the  xerophilous  spedes  the  epidermal  cells 
are  provided  with  straight  lateral  walls.  The  cutide,  in  some  cases,  shows 
striation  and  punctation.  The  stomata  are  occasionally  raised  {Cortusa  Mai- 
thioliy  L.,  Primula  sinensis^  Lindl.),  while  in  the  xerophilous  spedes,  Dionysia 
revoluta,  Boiss.,  they  are  confined  to  two  furrows  on  the  lower  side  of  the  leaf. 
Water-pores  are  found  at  the  end  of  the  median  vein  in  all  the  Primulaceae, 
and  in  many  cases  may  be  met  with  at  the  ends  of  the  larger  lateral  veins  as 
well*  The  leaf  is  for  the  most  part  bifadal  in  structure,  although  centric  leaves 
occur  also  among  the  xerophilous  species.  The  palisade  tissue  consists  of  one  or 
more  layers  of  cells,  which  vary  considerably  in  length.     Decrock  figures  arm- 

?alisade  parench3rma  composed  of  short  cells  in  Lysimachia  punctata  and 
have  myself  observed  typical  arm-palisade  tissue  consisting  of  short  cells  in 
Trientalis  europaea,  L.  and  T.  americana^  Piu^h,  and  indications  of  arm-palisade 
cells  in  the  first  and  especially  in  the  second  layer  of  the  mesophyll  in  Lysimachia 
nemorum,  L.  The  vascular  bundles  of  the  veins  are  occasionally  provided  with 
sderenchyma. 

According  to  Decrock  those  species  which  have  a  distincUy  differentiated 
petiole  exhibit  only  one  vascular  bundle  at  the  point  of  insertion  of  the  leaf. 
The  petiole  of  Primula  rubra^  according  to  Bouygues,  contains  a  median  hemi- 
concentric  vascular  bimdle,  provided  with  a  pith,  and  two  lateral  concentric 
bundles,  devoid  of  a  pith ;  each  of  these  bimdles  is  surrounded  by  a  typical 
endodermis. 

As  regards  the  hairy  covering  the  following  facts  deserve  mention.  Decrock 
also  records  branched  hairs  in  Aretia  pubescenSy  L.  (side  by  side  with  unbranched 
hairs ;  for  the  trichomes  of  Androsace  §  Aretia^  see  also  Jeanpert,  loc.  dt.), 
Coris  monspdiensisy  L.  (on  the  calyx),  Dionysia  and  Douglasia  Vitaliana^  Hook., 
whilst  glandular  hairs  were  demonstrated  by  him  in  spedes  of  all  the  28  genera 
induded  in  Pax's  monograph.  His  statements  as  to  the  structure  of  the  head 
of  the  external  glands  in  the  individual  genera  are  imfortimately  not  suffidentiy 
comprehensive ;  we  may,  however,  note  that  in  Androsace  villosay  L.,  both 
unicellular  and  multicelliilar  heads  occur  side  by  side.  In  Hottonia  palustris^  L. 
the  heads  of  the  glands  are  imicellular  only,  and  not  bicellular,  as  was  stated 
on  p.  503.  From  a  systematic-chemical  point  of  view  it  is  interesting  to  note 
that  the  four  species  of  Primula^  in  which  Nestler  demonstrated  the  presence  of 
a  secretion,  having  an  irritating  effect  upon  the  skin  (viz.  P.  cortusoides,  L., 
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P.  obconica,  Hance^  P.  Sid)oldii^  Morren,  and  P.  sinensisy  Lindl.),  all  belong  to 
the  section  Sinenses. 

3.  Structure  of  the  Stem.  The  structure  of  the  normal  stem  in  the 
Primulaceae  has  recently  been  investigated  from  two  distinct  sides,  by  W.  Meyer 
and  by  Decrock,  the  two  authors  choosing  different  anatomical  features  as  a 
basis  for  classification.  Their  results  are  briefly  smnmarized  in  the  following 
paragraphs. 

In  W.  Meyer's  system  the  presence  or  absence  of  a  pericyclic  strengthening 
ring  is  the  chief  character  employed  in  classification.  Other  points  taken  into 
consideration  are  :  the  position  of  the  strengthening  ring  (whether  shifted  towards 
the  outside  or  towards  the  inside) ;  and  the  relation  of  the  vascular  bundles  to 
one  another  (whether  the  xylem-groups  are  united  to  form  a  ring  by  means  of 
interfascicular  wood,  or  the  bundles  are  separated  by  unlignified  or  sclerosed  medul- 
lary rays).  W.  Meyer  records  the  presence  of  the  strengthening  ring  in  species  of 
Androsace^  Aretia^  Centunculus^  Coris,  Cortusa^  HoUoniaf  Lysimachiat  Primula f 
SamoluSy  Soldanella  and  Trientalis,  and  its  absence  in  species  of  Anagallis,  Androsace, 
Aretia,  Cyclamen,  Glaux,  Greeoria  («=  Dionysia),  Lysimachia,  Primtua  and  Soldanella. 

Decrock  distinguishes  three  physiological  types,  corresponding  to  the  exomor- 
phic  features  i>resented  by  the  shoot.  They  are  as  follows :  !•  Type  PtimtUa : 
Short  shoot  with  radical  leaves ;  endodermis  normal,  pericycle  mostly  paren* 
chymatous,  wood  and  bast  forming  a  ring:  Androsace  pro  parte,  Araistandra^ 
Bryocarpum,  Cortusa,  DodeccUheon^  Hottonia,  Kaufmannia,  PonuUosace,  Primula 
pro  parte,  Soldanella^  SHmpsonia.  II.  Type  Lysimachia :  Rhizome  with  leafy 
shoots  ;  primary  cortex  narrower  than  in  I,  soft  bast  less  developed,  pericycle  in 
the  subaerial  shoots  invariably  sclerosed :  Anagallis,  Apochoris,  Asterolinum, 
Centunculus,  Glaux,  Lubinia,  Lysimachia,  Naumburgia,  Pelletiera,  Steironema, 
Trientalis.  III.  Type  Aretia  :  cushion-plants  with  adcular  leaves  ;  cortex  exfoli- 
ating as  far  as  the  endodermis,  which  divides  by  radial  and  tangential  walls,  while 
its  inner  walls  become  thickened  ;  bast  present  in  verv  considerable  quantity  and 
coUenchymatous  ;  wood  strongly  developed  with  non-lignified  wood-parenchyma : 
Androsace  pro  parte,  Aretia,  Coris,  Dionysia,  Douglasia. 

For  the  structure  of  the  tubers  of  Cyclamen,  see  Hildebrand,  p.  97,  and  Decrock, 
p.  179  et  seq.  Regarding  the  aerating  tissue  in  the  primary  cort^  of  Lysimachia 
vulgaris,  L.,  see  Witte,  loc.  cit.!'-;; 

^  Formation  of  cork  (see  p.  504)  is  rare,  although  a  number  of  cases  are 
mentioned  by  Decrock.  The  place  of  development  of  the  cork  varies  ;  it  may 
be  the  epidermal  or  subepidermal  layer  of  cells  {Lysimachia  Ephemerum,  L.  and 
L.  vulgaris,  L.,  or  Dodecatheon),  the  outer  zone  of  the  primary  cortex  (Primula 
acaulis,  J  acq.),  or  the  pericycle  {Douglasia  Vitaliana,  Hook.,  Primula  buUata, 
Franch.). 

In  dealing  with  the  anomalous  structure  of  the  axis,  I  must,  in  the  first 
place,  refer  once  more  to  the  anomalies  which  are  shown  by  the  stem  in 
certain  species  of  Primula  (polystely  and  'r&eau  radidf^re'),  and  have  been 
elucidated  especially  by  Van  Tieghem  and  Douliot  (cf.  pp.  504,  505).  The 
groups  which  Van  Tieghem  establishes  on  the  basis  of  these  anatomicEd  features 
do  not  coincide  with  the  natural  groups  in  Pax's  system  of  classification.  I 
append  here  an  enumeration  of  the  species  of  Primula  which  have  a  stem  with 
anomalous  structure  (after  Van  Tieghem). 

The  members  of  the  Officinales,  Van  Tieghem  which  have  a  *  r6seau  radicif^re  ' 
are  :  Primula  acaulis,  P.  amoena,  P.  auriculata,  P,  elatior,  P.  elliptica,  P.  macrocalyx, 
P.  malvacea,  P.  officinalis,  P.  petiolaris,  P.  sikkimensis. 

Among  the  members  of  Auricula,  Van  Tieghem,  which  likewise  have  a  *  r^seau 
radicif^re,*  Primula  reptans  still  shows  monostelic  structure  with  a  reduced  pith. 
Polystelic  structure  occurs  in  the  following  modifications :  ( i )  More  or  less  numerous 
steles,  which  are  either  irreg^ularly  scattered  or  exhibit  an  annular  arrangement  and 
are  fused  at  some  points  to  form  small  arcs,  in :  Primula  algida,  P.  Allioni,  P.  aneusti- 
folia,  P.  Balbisii,  P.  calycina,  P.  carniolica,  P.  Clusiana,  P.  commutcUa,  P.  cunetfolia, 
P.  daonensis,  P.  Delavayi,  P.  erosa,  P,  Floerkeana,  P.  glabra,  P.  glutinosa,  P.  hirsuta. 
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P.  inUgrifolia^  P.  Kitaibeliana,  P,  loHfolia^  P.  matginata^  P.  mtmma,  P.  minuHssima^ 
P.  Muretiana^  P.  nivalis,  P.  Palinuri,  P,  Parryi,  P.  pedemontana^  P.  pub^scens, 
P.  spectabilis,  P.  tyrolensis,  P.  uni flora,  P.  *  wrst/  P.  venusta,  P.  viscosa,  P.  yMfman^if- 
515.  (2)  Steles  broadened  in  the  shape  of  an  arc,  not  numerous,  and  arranged  to 
form  a  ring,  in  some  cases  fusing  to  form  still  wider  arcs,  in  :  Primula  amethystina, 
P.  bella,  P.  calliantha,  P.  capitellaia,  P.  Davidi,  P.  denticulata,  P.  Dickieana,  P.  fan- 
nosa,  P.  glacialis,  P.  Heydei,  P.  incisa,  P.  involucrata,  P.  kmgiflora,  P.  macrocarpa, 
P.  Maximowicxiif  P.  membranifolia,  P.  Moorkraftiana,  P.  mow^'M^n^s,  P.  ovo/t- 
/o/ta,  P.  pinnatifida,  P,  Poissoni,  P.  secundiflora,  P.  sibirica,  P.  sonchifolia,  P.  spicata, 
P.  strictat  P.  StuarHi,  P.  viscosa,  (3)  Steles  fus^  to  form  a  more  or  less  complete 
ring,  the  '  r6seau  radidf ^re '  b&g  almost  absolutely  annular,  in :  Prtm«/^ 
la^mica,  P.  f»f#/afi5,  P.  obiusifolia,  P.  prolifera,  P.  purpurea,  P.  serraiifolia. 
Decrock  observed  polystelic  structure  also  in  P.  capitata.  Hook.,  P.  Fauriae,  Franch* 
and  P.  peiiolaris,  Wau. 

Anomalous  structure  of  the  stem,  similar  to  that  found  in  the  Auriculas 
(viz.  polystely,  combined  with  the  presence  of  a  *  r&eau  radidfere ')  was 
observed  by  Decrock  also  in  Bryocarpum  hymalaicum.  Hook.  f.  et  Th.  and 
Dodecaiheon  Meadia^  L. ;  for  details,  see  loc.  cit. 

Literature:  Costantin,  Tiges  o^r.  et  sont,  Ann.  9C.  nat.,  ser.  6,  t.  jy\,  1883,  p.  no  et  seq. — 
Costantin,  Tiges  d.  pi.  aqnat.,  Ann.  sc.  nat.,  t^r.  6,  t.  six,  1884,  p.  S87  et  seq.  and  pi.  15  and  17.— 
Darwin,  Bloom  and  distribution  of  the  stomata,  Jouni.  Liim.  Soc.,  xxii,  1887,  p.  ii4.-^Pax, 
Primula,  in  Engler,  Bot.  Jahrb.,  x,  1889,  p.  75  et  seq. — Soott,  Polystely,  Ann.  of  Bot,  v,  1890-1, 
p.  516  et  seq.— fBlasdale,  Leaf-hair  stmct.,  Erythrea,  i,  1893,  p.  35s  et  seq. ;  abstr.  in  Bot  CentralbL, 
1894,  ii,  p.  403. J — Boergesen,  Arkt.  pi.  bladbygn.,  Bot.  I'idsskrift,  xix,  1895,  p.  319  et  sea. — Gvffroy, 
Primula  et  Lysimachia  de  la  Acre  paris.,  Bull.  Soc  bot.  de  France,  1898,  pp.  341,  343.^>Hildebimnd, 
Cyclamen^  Jena,  1898,  pp.  97,  114,  etc — Spanjer,  Was8en4)parate,  Bot  Zeit,  1898,  p.  51. — Hirach, 
EntwickL  d.  Haare,  Diss.,  Berlin,  1899,  p.  34. — W.  Meyer,  Beitr.  z.  vergL  Anat.  d.  Caiyophyllac 
tt.  Primnlac,  Diss.,  Gottingen,  1899,  pp.  43-59  and  68-7a — Minden,  Wassersez.  Org.,  Bibl.  bot. 
Heft  46,  1899,  pp.  19  {Hottonia)  ana  61  (Glaux), — Panlesco,  Struct  anat.  des  hybrides,  Th^, 
Geneve,  1900,  p.  71  (PnVw«/a).— Thomas,  Feullles  sout.,  Th^,  Paris,  iqoo.— Decrock,  Anat  des 
Primnlac,  Ann.  sc  nat.,  s^r.  8,  t.  xiii,  IQOI,  pp.  i-i9S^ — Pitard,  P^ricyde,  Th^se^  Bordeaux, 
1901,  p.  50. — Bouygues,  Petiole,  Th^,  Pans,  1903,  pp.  74  and  99. — Nestler,  Sekret  d.  DrOsenh.  d. 
Gatt.  Primula,  ^\ii,'Bct,  Wiener  Akad.,  czi,  Abt.  i,  1903,  pp.  39-51 ;  see  also  Ber.  dentsdi.  bot 
Gesellsch.,  1900,  p.  189  et  seq.  and  Tab.  vii,  viii,  and  p.  337  et  seq. — Schonte,  Steliirtheorie,  1903, 
p.  133. — Brockschmidt,  Hottonia,  Diss.,  Erlangen,  1904.  pp.  9-17* — Freidenfeldt,  Anat  Bau  d. 
Wnrzel,  Bibl.  bot.,  Heft  61,  1904,  pp.  66-8. — Nestler,  Hautreizende  Primeln,  Berlin,  1904. — Pax 
and  Knuth,  Primnlaceae,  in  Pflanzenreich,  Heft  33,  1905,  pp.  3-5. — ^Theorin,  Viixttrichom.,  AriciY 
for  Bot,  iv,  n,  18,  1905,  pp.  9,  10  and  33.— Dauphin^,  Rhixomes,  Ann.  sc.  nat,  s^.  9,  t  iii,  1906, 
p.  343  et  seq. — G^neau  de  Lamarli^,  Membr.  cut  des  pi.  aqu.,  Revue  g^.  de  bot.,  1906,  p.  389 
et  seq. — Jeanpert,  Androsace  du  groupe  Aretia^  Bull.  Soc  bot.  de  France,  1906,  pp.  153-4. — 
Witte,  Aerenchymat  Gewebebei  Lysimachia  vulgaris,  Botaniska  Studier,  tillagn.  Kjellman,  Upsala, 
1906,  p.  365  et  seq.— [For  further  literature,  see  p.  11 71.] 

MYRSINEAE  (pp.  507-512). 

1.  Review  of  the  Anatomical  Features.  The  following  details  may 
be  added.  The  hypodermal  sclerenchjrma,  which  is  a  characteristic  feature  of 
the  leaf  in  the  Theophrasteae,  is  absent  only  in  a  small  group  of  species  of 
Clavija,  and  occurs  also  in  the  Tribe  Eumyrsmeae  (viz.  in  Weigeltia  SchlinUi, 
Mez).  In  addition  to  the  glandular  hairs  with  a  multicellular  head,  others  with 
a  unicellular  head  are  exceptionally  (Jacquinia  pungens.  Gray)  foimd.  New 
types  of  clothing  hairs  have  been  observed  in  certain  species  of  Jacquinia  in  the 
form  of  multicellular  trichomes,  which  are  either  forked  or  branched  like 
antlers.  The  peculiar  branched  hairs  previously  described  as  occurring  on  the 
stem  in  Jacquinia  barbasco,  Mez  (Syn.  /.  armillaris,  Jacq.)  are  characteristic 
of  two  groups  of  closely  allied  species  of  Jacquinia,  We  may  dso  note  that 
gelatinization  of  the  epidermis  of  the  leaf  is  completely  wanting  in  the  Theo- 
phrasteae, and  that  the  occurrence  of  cr/stals  of  oxalate  of  lime  in  the  epidermis 
of  the  leaf  in  Jacquinia  and  Deherainia  constitutes  a  generic  character. 

2.  Structure  of  the  Leaf.    Votsch  has  recently  published  a  careful 
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investigation  of  the  structure  of  the  leaf  in  the  Theophrasteae  in  connexion  with 
Mez's  monograph  in  the  '  Pflanzenreich/  The  following  details  are  abstracted 
from  his  paper  and  from  the  remaining  literature. 

In  most  of  the  Theophrasteae  the  me80phyll(cf .  p.  507)  is  not  differentiated 
into  palisade  and  spongy  tissue,  although  in  certain  species  one  or  more  layers 
of  palisade  tissue  are  found.  The  epidennal  cells  in  the  Theophrasteae,  for 
the  most  part,  have  straight  lateral  walls.  The  cuticle  is  frequently  strongly 
striated,  rarely  (species  of  Jacquinia)  granular.  Peculiar  local  thickenings  of 
the  walls  of  the  epidermal  cells  showing  distinct  stratification  and  recalling  the 
cvstotyles  of  the  B^onieae  occur  in  davija  boUviensts^  Mez.  Theophrasia 
fussieui^  Lindl.  exhibits  a  peculiar  calcification  of  the  membranes  of  the 
epidermal  cells  ;  surface-sections  of  the  epidermis,  after  being  exposed  to  a  red 
heat,  show  the  cellular  framework,  which  on  treatment  with  sulphuric  acid 
becomes  transformed  into  needles  of  gypsum.  A  parenchynaatous  hjrpcderm, 
previously  recorded  in  certain  species  of  Clavija  and  Jacquinia^  is  rather  widelv 
distributed  in  these  two  genera,  and  occurs  also  in  Theophrasta  Jussieui,  Lindl. 
As  a  general  rule,  it  is  confined  to  the  upper  side  of  the  leaf,  but  in  Clavija 
Kalbf eyerie  Mez  and  C.  nobilis^  Mez  it  is  found  also  on  the  lower  side.  The 
cells  of  the  hypoderm  are  larger  than  those  of  the  epidermis,  only  in  Clavija 
spaihulatay  Ruiz  et  Pav. 

Accordinj?  to  Votsch  a  one-layered  hypoderm  is  found  in  :  Clavija  boliviensis, 
Mez,  C.  caulinora,  Re^el,  C.  HassUri^  Mez,  C.  iniegrifolia.  Mart,  et  Miq.,  C.  Jelskiif 
Szyszyl.,  C.  Lehmannti^  Mez,  C.  longifolia^  Mez,  C.  nobilis,  Mez,  C.  parvi flora,  Mez, 
C.  Poeppigii,  Mez,  C.  Radlkoferi,  Mez,  C.  Rodekiana,  Lind.  et  Andr6,  C.  serrtUifolia, 
Mez,  C.  spathulata,  Ruiz  et  Pav. ;  Jacquinia  aculeata,  Mez,  /.  barbasco,  Mez,  7.  bra- 
siliensis,  Mez,  /.  Eggersii,  Urb.,  /.  flammea,  Millsp.,  J.  linearis,  Jacq.,  J,  ovdiifolia, 
Mez,  /.  pubescsns,  H.  B.  K.,  /.  revoluta,  Tacq.,  /.  Schtedeana,  Mez,  /.  Sueriana,  Urb. 
et  Loes. ;  Theophrasta  Jussieui,  LindL  ;  a  i~2-layered  hypoderm  in :  Clavija 
Schwackeana,  Mez ;  Jacquinia  heyensis,  Mez,  7.  Sprucei,  Mez ;  and  a  typical  2-layered 
hypoderm  in  :  Clavtja  Kalbreyeri,  Mez  and  C.  Ruiziana,  Mez.  A  local  development 
of  nypoderm  is  found  in  the  neighbourhood  of  the  veins  in  Clavija  macrophylla, 
Radlk.  and  Jacquinia  incrustata,  Urb.,  and  near  the  margin  of  the  leaf  in  Clavija 
parvula,  Mez  (see  Votsch,  pp.  14  and  34)  and  C.  tarapotana,  Mez. 

If  we  adopt  the  synonymy  given  in  Mez's  monograph,  the  only  species  pre- 
viously recorded  (see  p.  507)  as  having  hypoderm,  wmch  are  not  included  in  the 
precemng  list,  are  Clavija  spinosa,  Mez  (formerly  cited  as  C.  Riedeliana  and  C.  calo- 
neura)  and  C  umbrosa,  Reg.,  and,  outside  of  the  Theophrasteae,  Aegiceras  majus, 
Gaertn. 

In  Myrsine  heberdenia  some  of  the  epidermal  cells  are  subdivided  by  a  horizontal 
wall,  the  lower  cell,  which  is  the  larger  of  the  two,  occasionally  including  a  crystal 
of  oxalate  of  Hme  (Clauditz). 

The  stomata  in  the  Theophrasteae  are  confined  to  the  lower  side  of  the 
leaf.  In  the  species  of  Jacquinia  they  are  deeply  sunk,  while  in  the  other  genera 
they  project  above  the  level  of  the  epidermis  by  means  of  strongly  developed 
horn-like  pocesses.  In  the  Theophrasteae  the  vascular  bundles,  both  of  the 
laurger  and  smaller  veins,  are  quite  generally  accompanied  by  sclerenchyma. 
In  the  genera  of  the  Clavijeae,  A.  DC.  {ClaviiOy  Theophrasta,  Neomexia)  the 
median  vein  is  traversed  by  two  or  more  vascular  bundles,  whUe  in  the  genera 
of  the  Jacquinieae,  A.  DC.  (Deherainia,  Jacquinia)  it  comprises  only  a  single 
bundle.  Among  the  Theoplurasteae  oxalate  of  lime  has  b^  observed  only  in 
Clavija,  Deherainia,  and  Jacquinia  (but  not  in  Neomezia  and  Theophrasta) ;  it  is 
deposited  as  clustered  crystals  in  Jacquinia  only,  whUe  in  all  other  cases  it  is 
found  solely  in  the  form  of  very  small  rhombohedral,  prismatic,  or  acicular 
crystals.  In  Jacquinia  and  Deherainia,  as  well  as  in  Clavija  serratifolia,  Mez, 
crystals  of  oxalate  of  lime  (clustered  in  the  case  of  Jacquinia)  occur  quite 
generally  in  the  epidermis  of  the  leaf,  but  are  found  also  in  the  mesopbylL 
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978  ADDENDA— MYRSINEAE 

The  sderenchymatous  hypoderm,  found  in  the  Theophrasteae  (see 
p.  509),  has  been  subjected  to  a  thorough  re-investigation  by  Votsch.  The  most 
unportant  result,  from  the  systematic  point  of  view,  lies  m  the  fact  that  this 
feature  occurs  in  all  the  Theophrasteae  with  the  exception  of  two  small  groups 
of  very  closely  allied  species  of  Clavija^  namelv :  C.  Hassleri^  Mez  and  C. 
Jelskiiy  Szyszyl. ;  and  C.  fulgens.  Hook,  f .  and  C.  boliviensis^  Mez.  In  C 
inUgfifolia^  Mart,  et  Miq.  the  absence  of  the  hypodermal  sclerenchyma  is  only 
apparent,  since  in  this  species  it  is  reduced  to  isolated  fibres,  Ijdng  near  the 
vascular  bundles  of  the  veins.  Votsch  describes  the  hjrpodermal  sclerenchyma 
in  the  following  words  :  '  It  consists  of  elongated  fibres,  which  are  strongly 
thickened  (more  rarely  slightly  thickened,  as  in  Clavija),  provided  with 
oblique  pits,  and  run  independently  of  the  sderenchymatous  sheaths  of  the 
vasoilar  bundles.  They  are  united  to  form  larger  {TheophrastOy  NeomeziOj 
Jacquinia)  or  smaller  (CfavijOy  Deherainia^  Jacquinia)  bundles,  or  (more  rarely, 
in  Clavija  Rodekiana^  C.  serraia,  C.  grandis^  Jacquinia  acuUata^  J.  linearis)  are 
arranged  in  one-layered  strata,  in  the  latter  case  constituting  sderenchymatous 
plates.'  In  most  of  the  Theophrasteae  (espedally  in  Theaphrasta)  the  hypo- 
dermal  sderench3nna  on  the  two  sides  of  the  leaf  is  joined  by  means  of  spicidar 
fibres,  which  enter  into  connexion  also  with  the  sderench3rma  of  the  veins.  In 
conduding  the  description  of  the  hypodermal  sclerenchyma  of  the  Theophrasteae 
we  may  add  that  in  WeigeUia  SMimii^  Mez — ^the  only  species  of  the  subgenus 
Triadophora  (Tribe  Eumyrsineae) — Mez  observed  sderenchymatous  fibres 
beneath  the  upper  and  lower  epidermis  of  the  leaf,  just  as  in  the  Theophrasteae, 
and  that  Arescnoug  figures  moderately  dongated  spicular  cells  of  a  parenchy- 
matous shape  in  the  mesophyll  of  Aegtceras  majus,  Gaertn. 

In  most  of  the  Theophrasteae  the  margin  of  the  leaf  is  strengthened  by 
a  single  thick  strand  of  sclerenchyma  or  by  several  sderenchymatous  strand^ 
but  in  some  spedes  of  Clavija  (e.g.  C.  biborrana,  Oerst.,  C.  grandis,  Decne.,  and 
C.  Lehmannii,  Mez)  it  is  supported  by  a  vascular  bundle,  from  the  sderenchyma 
of  which  fibres  are  given  off  to  the  margin  of  the  leaf ;  in  a  transverse  section 
these  fibres  are  cut  through  both  longitudinally  and  transversely. 

The  section  dealing  with  the  hsdiy  covering  (see  p.  509  et  seq.)  likewise 
requires  a  few  important  additions.  Unicellular  clothing  hairs  are  wanting  in 
the  Theophrasteae  ;  nor  are  uniseriate  trichomes  very  abundantly  devdoped 
on  the  leaves,  although  they  are  more  conunonly  foimd  on  the  vegetative  axis 
and  in  the  floral  region.  A  transition  to  the  characteristic  branched  trichomes 
of  Jacquinia  barbasco,  Mez  (cf.  Fig.  116  c  on  p.  510)  is  afforded  by  the  uni- 
seriate hairs  of  /.  Schiedeana,  Mez,  in  which  the  terminal  cell  is  divided  by  a 
longitudinal  wall.  Peculiar  branched  trichomes,  having  thick  walls  and  resem- 
bling those  foimd  on  the  axis  in  Jacquinia  barbasco,  have  been  demonstrated  by 
Votsch  in  the  spedes  induded  under  Nos.  1-9  in  Mez's  monograph  (/.  aculeata^ 
Mez,  /.  barbasco,  Mez,  /.  Berterii,  Spreng.,  /.  brasiliensis,  Mez,  /.  Eggersii,  Urb., 
/.  incrustata,  Urb.,  /.  keyensis,  Mez,  /.  linearis,  Jacq.,  /.  revoluia,  Jacq.)^. 
With  these  trichomes  we  may  class  the  multicellular  dothing  hairs  occurring  in 
the  spedes  of  Jacquinia,  described  under  Nos.  31-33  of  Mez's  monograph  (viz. 
/.  Seleriana,  Urb.  et  Loes.,  /.  Sprucei,  Mez,  and  /.  pubescens,  H.  B.  K.) ;  these 
hairs  are  either  dichotomously  branched  or  resemble  an  antler  in  shape. 
Glandular  hairs  have  been  observed  only  on  the  axis  of  Jacquinia  pungens^ 
Gray ;  they  are  not  simk,  and  are  provided  with  a  uniceUular  stalk  and  a  uni- 
cellular head. 

3.  Structure  of  the  Axis.    According  to  Pitard  a  composite  and  con- 


'  According  to  Votsch  (p.  532)  trichomes  of  the  same  type  as  those  found  in  Jcuquinia  barbcsco 
occnr  also  in  y.  fiammea^  Millsp.  and  y.  stenophylla^  Urb.,  while  on  pp.  531  and  524  they  are 
stated  to  be  absent  in  these  species.    These  contradictory  statements  remain  to  be  explained. 
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tinnous  ring  of  sclerenchyma  is  also  developed  in  the  pericycle  in  species  of 
Afdisia^  Conomorphaj  and  Embdia.  The  statement  as  to  the  excretion  of  car- 
bonate of  lime  in  the  Imnina  of  the  vessels  in  Myrsine  Grisebachii,  Hieron.  must 
be  cancelled,  since,  according  to  Mez,  M.  Grisebachii  does  not  belong  to  the 
Myrsineae,  but  is  a  member  of  the  Sapotaceae  (ChrysophyUum  Grisebachii^  Mez). 
It  remains  to  mention  that,  according  to  d'Arbaumont,  the  cells  of  the  cortex 
and  pith  in  Myrsine  africana  show  a  passing  deep  indigo-blue  coloration  on 
treatment  with  caustic  potash. 

For  the  structure  of  the  terrestrial  roots  of  A  egiceras^majus  (annular  thickenings 
in  the  cells  of  the  cortical  parenchyma),  see  Karsten,  loc.  cit. 

Literature:  Wijnaendts  Fiancken,  Sdereiden,  Diss.,  Utrecht,  1890,  pp.  56,  57. — Karsten, 
Maogrovevegetation,  Bibl.  hot,  Helt  32, 1891,0. 50.— Boergesen  og  Paulsen,  V(^etat  dansk-Yestind. 
Oer,  Bot.  Tidsskrift,  xxii,  1898--9,  pp.  aa,  35  {Ja^quinia  ttrmillaris,  Jaoq.)— D'Arbanmont,  Myrsine 
tJricmna^  Jonro.  de  bot.,  1900,  pp.  361-8.— Piurd,  P^cyde,  Th^,  Bordeaux,  1901,  p.  64. — 
Aieschoug,  Mangrovepfl.,  Bibl.  bot,  Heft  56,  190a,  pp.  55-7  and  Tab,  iv  (^^^^«w  *V— Claudits, 
Blattanat  canar.  Gew.,  Diss.,  Basel,  190a,  pp.  a8*3i  (Jleberdtma^  Pleiomeris^), — Mez,  Myrsinaoeae, 
in  Pflanzenreich,  Heft  9, 190a,  pp.  5,  4. — Mennechet,  Poils  ^pid.  det  Myrsin.  etc,  Joum.  de  bot, 
190a,  pp.  355-7. — Mez,  Tiieophrastaoeae,  in  Pflanzenreich,  Heft  15,  1903,  pp.  3,  4. — Votsch,  Syst- 
anat  Unters.  von  Blatt  u.  Axe  der  Theophrastaceae,  in  Engler,  Bot  Jahrb.,  xxxiii,  1904,  pp.  502-46 ; 
also   Diss.,  Erlanfen,    i903.~Joh.   Schmidt,  Verdens   Mangrove   trseer,  Bot   Tidsskrift,   IQO^, 

B».  106-13  (salt-glands  oiAegiceras  majus), — Areschoug,  Trop.  vaxt.  bladbyggn.,  Sv.  Vet.  Akad. 
andL,  39,  n.  a.  1905,  pp.  133,  134  {TMphrasta),  pp.  148,  149  (^«Krttf),  pp.  1^2-^  i/acquinia). 
— [H.  Wdss,  Aegiceras  majuSy  Diss.,  Strassbnrg,  I9c>6 ;  extract  in  Archiv  d.  Phann.  lyoi^  p.  aai.]— 
Holteimann,  Einfluss  d.  Klimas  etc,  1907,  p.  58  {Aegiceras), 


SAPOTACEAE  (pp.  512-515). 

Engler  records  h3^poderm  in  the  leaf  also  in  Bidyrospermum  Parkii  (one- 
layered),  Palaquium  oblongifolium  (one-layered)  and  Mimusops  Commersonii 
(3-4  layered),  and  sclerenchymatous  fibres  in  the  mesophyll  in  Synsepalum 
dulcifortne,  Daniell. 

Engler  observed  '  one-armed '  hairs  with  transitions  to  ordinary  simple 
trichomes  on  the  ovary  of  Malacantka  Warneckeana,  Engl,  and  other  species  of 
this  genus.  According  to  the  same  authority  simple  unicellular  hairs  almost 
completely  cover  the  different  parts  of  the  plant  in  Delpydora^  Pierre. 

Kecent  investigations  on  the  laticiferous  elemento  have  been  published 
by  CharUer,  who  showed  that  the  sacs  are  present  in  the  root  also  (primary 
cortex  and  bast).  According  to  Charlier,  the  occurrence  of  laticiferous  sacs 
running  freely  in  the  mesophyll  is  by  no  means  so  rare  as  has  hitherto  been 
supposed.  In  the  root,  the  laticiferous  sacs  of  the  bast  are  arranged  in  longi- 
tudmalrows,  which  are  united  to  form  a  network,  or  lie  with  their  longitudinal 
walls  apposed  to  one  another,  the  common  walls  of  contact  in  the  latter  case 
exhibitmg  thin  areas  (*laticif^es  anastomose ') ;  the  laticiferous  elements  of 
the  primary  cortex,  on  the  other  hand,  consist  of  rows  of  cells,  which  as  a  rule 
do  not  enter  into  connexion  with  one  another.  In  the  axis,  the  bast  likewise 
contains  *  laticif^res  anastomoses,'  the  longitudinal  and  transverse  walls  of 
which  show  thin  areas,  which  are  occasionally  even  perforated ;  Charlier  thinks 
it  not  improbable  that  in  the  older  axes  these  cells  ultimately  fuse  to  form  a 
system  of  laticiferous  vessels.  The  primary  cortex  and  the  pith  for  the  most  part 
include  simple  rows  of  laticiferous  sacs  only.  The  axis  of  certain  species  of 
Bumdia  is  particularly  remarkable  in  containing  groups  of  irregularly  arranged 


^  In  Aegiceras  Areschoog  records  secretory  cells  instead  of  secretory  cavities,  which  is  no  doubt 
a  mistake. 

'  In  this  paper  the  secretory  cavities  are  likewise  incorrectly  described  by  Clauditz  as  secretory  cells. 
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laticiferous  sacs»  which  undergo  fusion  at  an  early  stage.  In  the  case  of  the 
rows  of  laticiferous  sacs  occurring  in  the  leaf,  it  is  not  certainly  established 
whether  absorption  of  the  transverse  walls  really  takes  place  occasionally.  In 
some  members  of  the  Order  isolated  laticiferous  sacs  are  found  in  the  meso- 
phyU,  e.g.  in  the  meshes  formed  by  the  network  of  the  veins  in  Sidtroxyhn 
hrevipes^Bak.  (here  side  by  side  with  groups  of  two  or  three  latidfeious  sacs). 
According  to  CharUer  crystal-sand  occurs  especially  in  the  laticiferous  sacs 
of  the  leaf ;  it  is  rare  in  those  of  the  axis,  but  is  found  in  the  sacs  situatc^l 
near  the  epidermis.  It  remains  to  mention  that  the  genus  Tridesmostemon 
likewise  possesses  laticiferous  sacs. 

For  the  excretion  of  carbonate  of  lime  in  the  lumina  of  the  vessels 
in  Chrysophyllum  Grisebachii,  Mez,  see  under  Myrsineae.  Bargagli-Petrucd 
met  with  siUca-bodies  in  the  wood  of  Palaquium  sp.  and  Bassia  crassipes^  Pierre. 

Litentare:  Hohnel,  Gerberinden,  BcfUd,  1880,  p.  106  et  seq.— Bnmdt,  Wenig  bek.  Rinden, 
Diss.,  Dorpat,  1894,  p.  o  et  seq. — [Remoel,  Ptnena  Lierii^  eta,  Th^  de  phmrm.,  Moscow,  1S98 
(Riusiin) ;  cited  by  Gr^Iot  and  Charlier.J— Greiot,  Caootchoucs  et  Guttapercha,  Th^,  Paris,  1899, 
p.  340  et  seq.— [Obach,  Guttapercha,  Dresden,  1899.2— Ursprang,  Anat  n.  Jahreningbild.,  Diss., 


el,  1900,  pp.  ao-3  {Jmbricaria  maxima^  Poir.). — Bargagli-Petrncci,  Concres.  silioee,  Malpighia, 
looa,  p.  a3  et  seq. ;  and  Legnami,  loc.  dt,  p.  360  et  seq. — Fabricios,  Lanbblattanat.,  Beih.  z.  Bot. 
Centiaibl.,  xii,  190a,  pp.  306-8.^— Col,  Faisceanx,  Ann.  sc  nat,  s^r.  8,  t  xz,  1904,  p.  lai. — Engler, 
Sapotaceoe,  in  Monogr.  afrik.  Fflanc-Fam.  a.  Gatt,  riii,  1904,  pp.  3-5. — ^AresdiOKg,  Trop.  yazt 
bladbyggn.,  St.  Vet.  Akad.  Handl.,  39,  n.  a,  1905,  pp.  37,  38  and  Tab.  t,  ti  {JBassid)^  pp.  106, 
107  and  Tab.  xii  {(:hry5ophyU%un),—C\!i9x^<n,  Et.  anat.  des  pi.  ^  GntUpercha,  etc,  Th^  Pkris, 
1905,  160  pp. ;  also  Joora.  de  bot.,  1905  {Achras^  Argania,  Bassia^  Bumelia^  Chrysophyaum^ 
fformogyne^  Lucuma^  Mimmops^  Palaquium^  Payema^  Sideroxylon). — En^er,  TriJesmosUmomy 
in  Engler,  Bot  Jahrb.,  xxxviii,  1905,  p.  99. — Holtermaon,  Einflnss  d.  Klimas,  etc.,  1907,  p.  179 
(Bassta), — [For  further  literature,  see  p.  117a.] 

EBENACEAE  (pp.  516-519). 

3.  Structure  of  the  Axis.  Pitard  records  a  composite  and  continuous 
ring  of  sclerenchyma  in  the  pericycle  in  several  species  of  Diospyros  and  in  Afaba 
buxifolia. 

Literature:  Knoblaach,  Okolog.  Anat,  Habilitat-Schr.,  TiiUngen,  1896,  p.  ai  et  seq.— Pitaxd, 
P^icycle,  These,  Bordeaux,  1901,  p.  82.— Baxgagli-Petmcci,  LeCTami,  Malpighia,  190a,  p.  361 
{Diospyros), — [Wright,  Diospyros^  its  morphology,  anatomy,  and  taxonomy,  Ann.  Bot.  Garden, 
Peradeniya,  ii,  1904,  pp.  i  and  133  et  sea. ;  abstr.  in  Just,  1904,  i.  p.  769.] — Picdoli,  Legnami,  Bnll. 
Siena,  1906.  p.  141.— [Elsler,  Extraflor.  Nektar.  u.  PapilL  d.  Blattunterseite  TOn  Diospyros  discoior, 
WUkL,  Anioger  Wiener  Akad.,  1907,  p.  419;  and  Sitz.-Ber.  Wiener  Akad.,  cxvi,  Abt.  1,  1907, 
pp.  1563-90,  a  Tab.] 

STYRACEAE  (pp.  519-521). 

The  following  new  features  have  been  observed :  alumina-bodies  in  the 
mesophyll  and  cortex  in  the  species  of  Symplocos ;  papillose  differentiation  of 
the  lower  epidermis  of  the  leaf ;  development  of  h3rpoderm  on  the  upper  side  of 
the  leaf;  differentiation  of  arm-palisade  parenchyma;  spicular  fibres  branching 
off  from  the  sclerenchyma  of  the  veins  ;  secretory  organs  resembling  intram\n:al 
glands  at  the  mar^  of  the  leaf  or  in  the  leaf- teeth ;  occurrence  of  solitary  and 
clustered  crystals  m  the  epidermis  of  the  leaf ;  hydathodes  of  peculiar  structure. 
All  these  features  have  ba*n  recorded  in  certain  species  of  Symplocos, 

The  STRUCTURE  OF  THE  LEAF  in  Symplocos  has  recently  he&i  investigated  by 
Cador  and  especially  by  Wehnert.  The  leaves  in  this  genus  are  invariably 
bifacial.  The  palisade  tissue  consists  of  one  or  more  layers,  and  in  many 
species  is  differentiated  as  typical  arm-palisade  parenchyma,  especially  in  the 
lower  layers.  The  spongy  tissue  likewise  shows  diverse  structure  ;  in  certain 
species  it  is  composed  of  weU-developed  stellate  cells,  which  (especially  in  the 
lower  layers)  are  occasionally  somewhat  sclerosed.  The  epidermal  cells  have 
straight  or  undulated  lateral  walls.    Gelatinization  of  the  epidermis  has  not 
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been  observed.  Features  deserving  special  mention  are :  the  large  epidermal 
cells  found  in  Symplocos  confusa.  Brand  ;  the  epidermal  cells  of  S.  -polyandra^ 
Brand,  with  lateral  walls  bent  in  a  zigzag  manner  and  provided  with  ridge- 
like processes  in  the  apices  of  the  angles  ;  the  papillae  on  the  lower  side  of  the 
leaf  of  S.  neriifolia,  S.  et  Z.,  which  are  connected  by  means  of  cuticular  ridges  ; 
lastly,  the  nature  of  the  cuticle,  which  is  either  provided  with  delicate  striae  or 
with  thick  ridges,  and  often  presents  a  very  characteristic  appearance  (e.g. 
especially  in  5.  Itatiaiae^  Wawra).  The  stomata  are  confined  to  the  lower  side 
of  the  leaf,  and  are  provided  with  two  subsidiary  cells  placed  parallel  to  the 
pore,  as  in  the  Rubiaceous  type,  the  subsidiary  cells  in  some  cases  undergoing 
transverse  division.  Accordmg  to  Wehnert  a  typical  one-layered  hypoderm  is 
found  beneath  the  upper  epidermis  in  Symplocos  Hohenackeri^  Clarke,  S.  tnicrO' 
phylUiy  Wight,  S.  rubiginosa.  Wall.,  and  5.  Stawelii,  F.  v.  M. ;  Holtermann 
records  a  hypoderm  also  in  S.  obtusa  (continuous  and  often  even  consisting  of 
two  layers)  and  S.  spicata  (here  locally  developed).  The  vascular  bundles  of 
the  lateral  veins  are  sometimes  vertically  transcurrent  on  both  sides  of  the 
leaf,  or  at  least  on  the  one  side  or  the  other.  Wehnert  demonstrated  branching 
of  the  sclerenchyma  of  the  veins,  the  branches  penetrating  into  the  mesopbyll, 
in  S.  neriifolia^  S.  et  Z.  and  S.  ruhigtnosay  WjJl.,  as  well  as  in  S.  coloraia^  Brand. 
Oxalate  of  lime  is  excreted  in  the  form  of  large  or  small  soUtary  crystals,which 
are,  for  the  most  part,  rhombohedral,  although  occasionally  almost  cubical, 
while  in  other  cases  it  is  deposited  as  clustered  crystals  ;  in  certain  species  of 
Symplocos  it  occurs  also  in  the  epidermis  of  the  leaf  in  the  form  of  solitary  and 
small  clustered  crystals.  The  only  t3rpe  of  trichome  found  in  Symplocos  is  that 
of  simple  sclerenchymatous  dothmg  hairs  provided  with  thin  transverse  walls. 
With  these  we  may  associate  the  pecuhar  hydathodes,  observed  by  Wehnert  on 
both  surfaces  of  the  leaf  or  only  on  the  upper  surface  in  S.  adenophyUay  Wall., 
S.  neriifoliay  S.  et  Z.,  and  S.  tenuifolia.  Brand.  These  hydathodes  are  unicellular 
structures,  having  the  shape  of  an  inverted  pistil ;  their  outer  end  shows  a 
bladder-like  enlargement,  while  internal  to  this  the  hydathode  is  provided  with 
a  narrow  neck,  which  is  wedged  into  the  centre  of  a  rosette  of  7-8  very  small 
epidermal  cells,  and  a  slightly  enlarged  basal  portion.  The  secretory  organs 
above  mentioned  have  been  demonstrated  at  the  margin  of  the  leaf  in  5.  adeno' 
phylla.  Wall.,  and  in  the  leaf-teeth  in  S.  glomerata^  King.  They  consist  of 
rounded  spaces,  traversed  by  large  numbers  of  elongated  tubular  cells,  which 
form  a  secretion  resembling  gum,  and  are  irregularly  interwoven  with  one 
another ;  the  structures  thus  recall  the  intramural  glands  found  in  Psoralea^ 
and  the  glands  of  Milletia,  &c.  (see  under  Leguminosae). 

The  alumina-bodies,  referred  to  above,  were  discovered  by  Radlkofer  in 
the  mesophyll  of  Symplocos  ;  according  to  Wehnert  they  probably  occur  in  all 
the  species  and  are  found  in  the  cortex  as  well.  In  transverse  sections  of  the 
leaf,  cleared  with  £au  de  Javelle  (which  should  contain  no  carbonate  of  soda) 
they  appear  as  gnunose,  pateriform,  or  placentiform  bodies  which  are  colour- 
less, have  an  irregular  angular  or  rounded  outline,  and  are  insoluble  in 
water ;  they  fill  the  greater  part  of  the  palisade-cdls,  in  which  several  of 
these  bodies  he  one  above  the  other,  while  they  often  take  up  almost  the  entire 
breadth  of  the  cell ;  in  appearance  they  are  not  quite  unlike  the  deposits 
of  solid  fat,  which  occasionally  occur  in  the  cells  of  the  leaf  (Radlkofer, 
loc.  dt.,  p.  216).  According  to  Wehnert  they  assume  a  bright  red  colour  after 
treatment  with  a  weak  alksdine  solution  of  Srasilin,  and  are  then  easily  recog- 
nized. We  may  add  that  in  many  spedes  of  Symplocos  fat  is  met  with  in  the 
epidermis  and  mesophyll. 

.  The  scalariformperforationSypreviously  recorded  as  occurring  in  the  vessels 
in  Symplocos,  were  found  by  Wehnert  to  be  of  general  distribution  ;  the  number 
of  bars  varies  from  15  to  30. 
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ire  forefL  de  la  CochinchiDe,  zvil,  189a.- 

Jidemy,  Styrax  officinalis^  Tb^  MootpeUier/i8p5,  pp.  23-33.— Cador, 
^  1000,  iv,  pp.  248,  345  mod  369  et  seq. ;  also  Dus.,  frlangen.— Brand, 
eicA,  Heft  6,  1901,  p.  3.— Pitard,  P^riqrde,  Th^se,  Boideaiiz,  i^i, 
p.  94. — ^luuiijcoier,  1  oneraekorper,  Ber.  deatscn.  bot  Getellsch.,  1904,  ya,  316-24. — ^Ttchuc^ 
tfanfltm,  Flora,  1904,  pp.  188-^1.— Webneit,  Anat-sytt.  Unteisuch.  d.  Bl.  d.  GatL  Symploa 
Diss.,  Mttnchen,  1906,  57  pp. — Holtennann,  Einflms  d.  Klimas,  etc,  I907»  p*  118  {Symphcos).- 
[Perkins,  Styracaceae,  in  Pflanzenrdch,  Heft  30,  1907,  pp.  5,  6.] 


Literature :  Pierre,  Flore  forest,  de  la  Cochinchine,  zvii,  189a. — Liidy,  Snmatra-Benzoe,  Diss., 

Bern,  1893,  pp.  53-4.— Barthdemy,  .Sffnuf  ^ —       ^  -   . 

Mat^blatter,  Bot  C        "' 


OLEACEAE  (pp.  521-526). 

Papillose  differentiation  of  the  lower  epidermis  of  the  leaf  (coronulate 
papillae  united  by  a  network  of  ridges)  occurs  only  in  three  cases  among  the 
dinerent  species  of  ash,  viz.  in  Fraxinus  atnericana,  L.,  F.  juglandifolia^  Lam. 
(non  WillA)  and  F.  Texensis,  Sarg.  (Kohne).  Spicular  cells  are  also  found  in 
the  mesophyll  in  Olea  Gardneri  and  O.  lautifolia  (Holtermann,  Gerhard).  To 
the' previous  description  of  the  external  glands  (see  p.  523)  we  may  add  that  in 
some  cases  (e.g.  the  glands  on  the  buds  of  Fraxinus  Omus)  they  have  a  some- 
what spherical  head,  divided  by  one  or  more  vertical  walls  into  the  corre- 
sponding number  of  cells.  Regarding  the  occurrence  of  extrafloral  nectaries 
on  the  leaves  of  a  species  of  Fraxinus^  see  Delpino,  loc.  cit. 

According  to  baldacci  the  development  of  the  cork  takes  place  in  the 
epidermis  in  Forsythia  europaea  (cf .  p.  525).  According  to  Ktard  the  pericycle 
also  contains  isolated  groups  of  bast-fibres  in  Fontanesia  phiUyraeoides  and 
Forsythia  suspensa,  while  in  ChionanthuSy  Forestiera  poruhsa^  Fraxinus,  Jasmi- 
nuMy  Linociera  compacta,  Olea  americanay  O.  europaea^  and  PhiUyrea  there  is 
a  composite  and  continuous  ring  of  sclerenchyma ;  in  Jasminum  the  latter  does 
not  persist  for  any  great  length  of  time,  while  in  Olea  europaea  and  PhiUyrea 
angustifolia  the  sclerenchymatous  ring  is  still  found  in  axes  of  4  cm.  diameter, 
and  in  Fraxinus  excelsior  even  in  those  of  35  cm.  diameter.  Moller's  earUer 
statements  on  this  point  (see  p.  525)  refer  for  the  most  part  to  pieces  of  bark 
from  old  stems. 

Literature:  Wijnaendts  Francken,  Sclereideo,  Diss.,  Utrecht,  1890,  pp.  53-5. — Stock,  Protein- 
krystalle,  in  Cohn,  Beitr.,  vi,  1893.— [Tognini,  Stomi,  Atti  1st.  bot.  Pavia,  1894.] — [Dennistoo, 
Fraxinus  americatta^  Pharm.  Archives,  1898,  n.  i :  abstr.  in  Just,  1898,  ii,  p.  13.] — kohne,  Fraxinus- 
Arten,  in  Wittmack,  Garten  flora,  1899,  pp.  383-8.— Baldacci,  Forsythia  europaea y  Degen.  et  Bald., 
Mem.  Accad.  Sc.  Bologna,  ser.  v,  t.  viii,  1900,  pp.  481-90  and  tab.  i,  ii.— Tunmann,  Sekretdriisen, 
Diss.,  Bern,  1900,  pp.  29-33. — Petersen,  Vedanatomi,  1901,  pp.  85-7. — Pitard,  Pericycle,  These, 


Bordeaux,  1901,  pp.  75,  76  and  86,87. — Clauditz,  Blattanat.  canar.  Gew.,  Diss.,  Basel,  1903,  pp.  36, 
37  {Picconia), — Gerhard,  Blattanat.  d.  Gew.  d.  Knysnawaldes,  Diss.,  Basel,  1902,  pp.  34-6  (O/es). — 
fArmari,  Piante  della  reg.  medit.,  Annali  di  Bot.,  i,  1903,  p.  17  et  seq.  {PhiUyrea)^ — [Delpino,  Not. 


iitobiol..  Bull.  Orto  bot.  Napoli,  i,  1903,  p.  435  et  seq.;  abstr.  in  Just,  1903,  i,  p.  385.]--Col, 
Faisceaux,  Ann.  sc  nat.,  s^r.  8,  t.  xx,  1904,  p.  ii7.~Siis8enguth,  Behaarungsverh.  d.  Wiirzb. 
Muschelkalkpfl.,  Diss.,  Wiirzborg,  1904,  p.  44. — Kohne,  Forsythia^  Gartenflora,  1906,  p.  199  et  seq. 
— Piccioli.  Legnami,  Bull.  Siena,  1906,  pp.  146,  154,  177,  178,  180,  and  181. — Holtennann,  Einflnss 
d.  Klimas,  etc.,  1907,  p.  119  {filed), — [For  further  literature,  sec  p.  1171.] 


SALVADORACEAE  (pp.  526-528). 

For  the  structure  of  the  leaf-spines  of  Azivna  tetracantha,  see  Lothelier. 
Interxylary  phloem  is  found  also  in  the  root  of  Salvadora. 

Literature:  Moller,  Rindenanatomie,  1882,  p.  126. — Scotland  Brebner,  Strychnos,  Ann.  of  BoC, 
m,  1889,  D.  396.~Lothelier,  Epinet,  These,  Pans,  1893,  p.  37.— Brandt,  Wenig  bek.  Rinden,  Diss., 
Dorpat,  1894,  p.  18  et  seq.— Leisering,  Intencylares  Leptom,  Dia^,  Berlin,  1899,  PP«  23-6.— Holter- 
mann,  Einfluss  d.  Klimas,  etc,  1907,  p.  iii  (Saivadora persica). 
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APOCYNACEAE  (pp.  528-534), 

1.  Review  of  the  Anatomical  Features.  The  following  additions  are 
necessary.  Gelatinization  of  the  spongy  tissue  has  been  observed  also  in 
species  of  the  genera  Carpodinus,  Chilocarpus,  Cylindropsis,  Landoiphia^  and 
WiUougkbeia ;  hypoderm  occurs  also  in  the  leaf  of  species  of  Bousigonia,  Carpo- 
dinuSfChavannesia,Chilocarpus,  Ichnocarpus,  Lefiniopsis^  LeuconotiSf  Micrtchites^ 
Nouettea,  Parabarium,  Sclerodictyon,  WMoughoeia  ;  papillae  are  developed  on 
the  lower  side  or  on  both  sides  of  the  leaf,  as  the  case  may  be,  in  species  of 
ApocynufKy  Landoiphiay  WiUougkbeia ;  spicular  fibres  are  found  in  the  meso- 
phyll  in  species  of  Bousigonia,  Micrechites,  Neocouma^  Sclerodictyon^  Tn^helo- 
spermum.  Bast-fibres,  which  are  completely  enveloped  by  crystal-cells,  occur 
in  Quebracho-bark.  Secretory  cells,  fonning  a  layer  beneath  the  palisade 
tissue,  are  found  in  species  of  naissea^  EchiteSj  Kopsia^  and  Tabernaemontana^ 
mucilage-cells  in  species  of  Apocynum^  Carissa,  and  Ichnocarpus^  and  lysigenous 
mucilage-cavities  in  species  of  Bousigonia^  Chonemorphay  Micrechitesj  PoUsia, 
and  Rhynchodia.  Solitary  crystals  occur  in  the  epidermis  of  the  leaf  in  species 
of  Alstonia,  Cerberay  and  Hunteria.  Cork-warts  are  present  on  the  leaves  in 
species  of  CarpodinuSy  ChilocarpuSy  Clitandra,  Landolphia,  LeuconotiSy  and 
Pycnobotrya.  Oxalate  of  lime  is  occasionally  excreted  also  in  the  form  of  small 
solitary  crystals. 

2.  Structure  of  the  Leaf.  The  following  additions  to  the  earlier  state- 
ments are  principally  based  on  the  papers  by  Garcin,  HaUier,  Payrau,  and  Spire  ^. 

The  epidermal  cells  of  the  leaf  have  lateral  walls  showing  diverse  struc- 
ture and  lumina  of  varying  size.  In  the  xerophilous  species  the  cuticle  is  often 
stronglj^  developed  and  frequently  striated  as  well.  Curved  lateral  walls  pro- 
vided with  marginal  pits  are  recorded  by  HaUier,  for  example,  in  all  the  species  of 
Landoiphiay  with  the  exception  of  L.  gummiferay  K.  Sch.,  while  serrated  cuticular 

Erominences  of  quite  a  special  type  are  stated  to  occur  on  the  lower  side  of  the 
jaf  in  Melodinus  oriefUaliSy  Bl.  Gelatinization  of  the  inner  walls  of  the  epidenrial 
cells  has,  curiously  enough,  not  hitherto  been  observed  in  any  member  of  the 
Order.  In  Chonemorpha  GriffUhiiy  Hook.  (Spire)  and  Chilocarpus  costatuSy  Miq. 
some  of  the  upper  epidermal  cells  of  the  leaf  are  divided  by  horizontal  walls. 
Hypodermis  very  widely  distributed;  it  has  recently  been  observed  in  the  follow- 
ing additional  species  :  Ichnocarpus  fruUscenSy  R.  Br.  (one-layered)  and  Nerium 
o£)rumy  Soland.  (3-layered  on  the  upper  side,  2-3-layered  on  the  lower  side)  by 
Garcin  ;  Carpodinus  lanceolaiuSy  K.  bch.  (one-layered),  Chilocarpus  suaveolenSy 
Bl.,  and  C.  vernicosusy  Bl.  (one  layer  of  cells  with  wide  lumina),  Chilocarpus  sp.. 
Hose  n.  3049,  Lepiniopsis  ternatensiSyValet.  (one  layer  of  cells  with  wide  lumina), 
LeuconotisancepSy  Jacq.  (one  or  two  layers  of  cells  with  wide  lumina),  Micrechites 
micranthay  HaUier  f.  (2-3-layered  on  the  upper  side,  one-layered  on  the  lower 
side),  M,  polyanthay  Miq.  (2-3-layered),  Sderodictyon  Griffonianum  (according 
to  Pierre)  2LndWUloughbeiagrandiflorayT>yer  (1-2-layered)  by  HaUier;  Bousigania 
angustifoliay  Pierre,  B,  mekongensisy  Pierre,  Chavannesia  esculenkiy  DC,  Micre- 


'  Gardn  investigated  species  of  Acokanthera  {Toxicophloea)^  Aiyxia^  AmsomUy  At 
Carissa  (with  Arduina),  Cerbera  {Tangkinia),  EchiteSy  Forsteromay  Ichnocarpus ^  MandtviUay 
Meladinusy  Nerium^  Flumiera,  Rauwdjia  {Ophioxylon),  TabemtienwfUanay  Theoetiay  TrackeU- 
spermum  {Rhynch0spermum\  Vinca\  Hallier  examined  spedet  of  Carissay  CarpodinuSy  ChUocmpuSy 
CliUmdray  Crcupidospermum^  CyHndropsiSy  Hunteria^  Landoiphiay  LepiniopsiSy  Leucomti$y 
Melodinus y  Otopetaium  {^'^ Micrechites) y  Willoughbeiay  IVinchia;  Payrau  examined  species  of 
Slrtphanlhus ;  and  Spire  species  of  the  Indo-chinese  genera  AganonorioUy  AmaloccdyXy  Bousigoma, 
Chonemorphay  Ecdysaniheray  Melodinus  y  Micrechites y  NouetteayFarflbarimmy  Farameriay  Fhjmchodmy 
Xylinabaria.  The  investigations  of  Garcin,  Payrau,  and  Spire  deM  also  with  the  stnictme  of 
the  axis. 
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chiUs  JacqueHj  Pierre  (one-layered),  NoueUea  cochinchinensis^  Pierre,  Parabarium 
Spireanum,  Pierre,  P.  Toumieri,  Pierre  and  P.  VcmeH,  Pierre  (composed  of 
large  cells)  by  Spire;  ChUocarpus  ahroviridiSy  Bl.  (2-layered)  by  Areschoug. 
Papillae  are  distinctly  differentiated  on  the  lower  side  of  the  leaf  in  Apocynum 
cannabinufHy  L.,  Landolphia  ockracea,  K.  Sch.,  and  WiUoughbda  grandiflara^ 
Dyer,  and  on  both  sides  of  the  leaf  in  Apocynum  androsaemifolium^  L.  (Garcin 
and  Hallier).  The  papillae  found  in  Wuioaghbeia  grandi flora  show  a  peculiar 
type  of  structure  ;  they  are  narrow  and  colunmar  in  shape,  have  narrow  lumina, 
and  bear  two  or  more  spherical  heads,  thus  resembling  a  femur  in  appearance. 
Regarding  the  papillose  prominences  arising  from  the  middle  of  the  outer  wall  of 
the  lower  epidermal  cells  in  Vinca  major  and  V.  herbacea  (not  in  V.  minor)^  see 
Haberlandt,  loc.  cit. ;  in  these  structures,  which  can  scarcely  be  described  as 
papillae,  and  which  function  as  organs  for  the  perception  of  light,  the  cellulose- 
layer  is  produced  into  a  stopper-like  process  which  penetrates  into  the  cuticle. 
Stomata  of  the  Rubiaceous  tjrpe  with  a  subsidiary  cell  situated  to  the  right  and 
left  of  and  parallel  to  the  pore  have  recently  been  demonstrated  in  species  of 
CarpodinuSf  ChUocarpus^  Chonemorpha,  ClUandray  CylindropsiSy  Landolphia^  Lept- 
niopsiSy  Micrechites  (with  Otopetalum)yParabariumy  Sti^ophanthus,  WiUoughbda, 
and  Winchia  ;  on  the  other  hand,  stomata  with  three  or  four  neighbouring  cells 
are  recorded  in  species  of  Carissa^  Craspidospermum^  EcdysantJkeray  Hunteriay 
Leuconotis,  Melodinus,  and  Rhynchodia  (HaUier,  Payrau,  and  Spire).  The 
stomatal  pits,  characteristic  of  the  common  oleander,  occur  not  only  in  this 
species,  but  also  in  Nerium  odorum,  Soland.  Hallier  describes  stomata  which 
are  deeply  sunk  and  have  a  vestibule  above  the  guard-cells  in  Leuconopsis 
anceps,  Jack  and  longitudinal  ridges,  covering  in  me  pairs  of  guard-cells,  in 
Landolphia  capensis,  Oliv.  According  to  Hallier  the  gdatinization  of  the 
spongy  tissue,  first  observed  by  Radlkofer  in  certain  members  of  the  Order,  as 
a  rule  constitutes  a  specific  character  only  ;  it  is  widely  distributed  in  the  genera 
CarpodinuSy  ChUocarpus,  ClUandra,  Cylindropsis,  Landolphia,  3ndWilloughbeia\ 
In  certain  species  of  Carpodinus,  ChUocarpus,  Melodinus,  and  WUioughbeia 
fissures  due  to  drying  have  been  recorded  in  the  palisade  tissue.  Spicular  fibres, 
which  have  a  varied  course  and  branch  off  from  the  sderenchyma  of  the  veins, 
are  found  in  Bousigonia  mekongensis,  Pierre,  Micrechites  micraniha,  Hallier  f ., 
M,  polyantha,  Miq.,  Neocouma  ternstroemiacea,  'PieTTe,SclerodictyonGriffonianum, 
Pierre,  and  Trachdospermum  jasminoides,  Lem.  (Garcin,  Hallier,  Pierre,  Spire). 

According  to  Hallier  cork-warts,  like  those  found  in  Pycnohotrya  (see 
p.  529),  occur  on  the  lower  side  of  the  leaf  also  in  all  true  spedes  of  Carpodinus 
and  ChUocarpus  (in  Carpodinus  li^ustrifolius,  Stapf  on  the  upper  side  as  well), 
as  well  as  in  Clitandra  myriantha,  Pierre,  Landolphia  owariensis,  Hallier  f .,  L.  reti- 
culata,  Hallier  f .,  Leuconotis  anceps.  Jack,  and  L.  eugenifolius,  DC.  The  varia- 
tions recorded  in  Landolphia  owariensis  are  related  to  the  more  or  less  advanced 
stage  of  development  of  these  structures. 

The  structure  of  the  petiole  has  been  examined  in  some  detail  by  Garcin, 
Hallier,  Pierre,  and  Spire.  In  Nerium  the  petiole  is  traversed  by  5-^7  vascular 
bundles,  but  in  many  Apocynaceae  there  are  only  three  bundles,  of  which  the  two 


^  The  species  in  which  this  feature  has  been  observed  are  as  follows  :  Carpodinus  BarUri,  Stapf, 
C.  fuhms,  Pierre,  C.  lanceoUUus,  K.  Sch.,  C.  Upiantkus,  Stapf,  C.  HgustriJoHm,  Stapf, 
CmaximtsSy  K.  Sch.  (Tixt^,  C  subrepandusj  K.  Sch.  (vixl),  C.  turbimaluSf  Stapf,  C,  vMuaiS, 
K.  Sch.;  Chilccarpus  atroviridisy  Bl.,  C  drnttddtus,  Bl.,  C.  suaveo/enSy  Bl.,  C.  vemicasuSy  Bl.; 
CHtandra  Buchananiy  Hallier  f.,  C.  cirrhosa,  Radlk.,  C.  Jiamdifiara,  Hallier  f.,  C  groHiiSy 
Hallier  f.,  C.  Umdolpkundes,  Hallier  f.,  C.  le^antha,  Hallier  f.  (viz !),  C.  myrianika,  Pierre, 
C.  Sckweinfurthiiy  Stapf,  C,  viscifiuay  K.  Sch. ;  CyHndropHs  partfifoHay  Pierre,  C.  tttgokmay 
Hallier  f.,  C.  IVats&nianay  Hallier  f. ;  Utndolfkia  bracteaUt,  Dew.,  L.  cafensiSy  Oliv.,  L,  erasH^y 
K.  ScIl,  L.  Eminianay  HaUier  f.,  Z.  gummijera^  K.  Sch.,  Z.  Henriquestanay  Hallier  f.,  Z.  btctdOy 
K.  Sch.,  Z.  ochraceoy  K.  Sch.,  Z.  nticuiaidy  Hallier  f.,  Z.  scandens,  Didr. ;  H^'Uot^Mdeia  mpicmlaiay 
Miq.,  W,  grandijhra^  Dyer,  W^javanicOy  Bl.,  W,  tenuiflora,  Dyer. 


Digitized  by 


Google 


ADDENDA— AFOCYNACEAE  985 

lateral  strands  are  small  and  often  show  concentric  structure ;  in  other  members 
of  the  Order  again  there  is  only  a  single  vascular  bundle  in  the  petiole.  Pierre 
attributes  great  ssrstematic  value  to  the  nature  of  the  principal  vascular  bundle^ 
according  as  it  forms  (a)  a  tube  which  is  either  closed  or  only  provided  with  a 
very  narrow  groove  on  its  upper  side,  or  (b)  a  mass  of  wood  and  bast  which  has 
a  wide  groove  on  its  upper  surface.  Although  Pierre  goes  too  far  in  this  respect, 
Hallier  likewise  describes  a  closed  or  barely  open  vascular  tube  as  characteristic 
of  the  genus  Clitandra^  and  a  grooved  mass  of  wood  and  bast  as  characteristic 
of  Carpodinus. 

We  may  next  deal  with  the  hairy  covering.  Uniseriate  clothing  hairs, 
similar  to  those  figured  for  Echites  peltata^  Veil,  in  the  earlier  part  of  this  work 
(p.  530),  have  been  observed  by  HaUier  also  in  MiCrechites  polyatUha,  Miq.  The 
uniseriate  hairs  foimd  in  Chonemorpha  megacalyx,  Pierre  are  remarkable,  since 
the  upper  epidermis  of  the  leaf  consists  of  several  layers  near  the  point  of  inser- 
tion of  the  hair,  while  the  lower  epidermal  cells  and  those  situated  above  the 
veins  are  prolonged  onto  the  basal  portion  of  the  hair,  occasionally  even  forming 
true  cushions  (Spiie).  According  to  Valeton  (see  also  Mirabella)  the  glandular 
shaggy  hairs,  already  mentioned,  are  present  in  very  many  members  of  the 
Order,  being  situated  on  the  interpetiolar  line  between  the  opposite  leaves  and 
on  the  inner  side  of  the  petiole. 

In  addition  to  the  forms  of  excretion  of  oxalateof  lime,  previously  observed 
(p.  530),  small  prismatic  crystals  occur  in  certain  Apocynaceae  (e.g.  species  of 
Aganonerion^  Parabarium^  Xylinabariay  &c.).  An  investigation  based  on  more 
abimdant  specific  material  can  alone  settle  how  far  the  occurrence  of  solitary 
crystals  only,  or  of  clustered  crystals  only,  or  of  both  forms  side  by  side  are 
features  which  can  be  employed  in  generic  diagnosis.  We  may,  however, 
mention  that  Hallier,  for  instance,  records  only  solitary  crystals  in  the  meso- 
phyll  in  Clitandra  and  Landoipkia,  and  clustered  crystals  in  the  spongy  tissue 
in  most  of  the  species  of  Melodinus  and  in  all  the  species  of  Hunteria,  and  that, 
according  to  Garcin,  oxalate  of  lime  appears  to  be  wanting  in  Apocynum.  The 
solitary  crystals  found  in  the  mesophyll  are  occasionally  of  large  size,  and 
in  Landolphia  gummifera^  K.  Sch.  and  L.  crassipesy  K.  Sch.,  for  example,  they 
occupy  the  whole  thickness  of  the  leaf ;  large  idioblasts,  containing  clustered 
crystals,  and  giving  rise  to  transparent  dots  in  the  leaf,  are  found  in  Hunteria 
africana,  K.  Sch.  Another  important  systematic  feature  is  the  occurrence  of 
solitary  crystals  in  the  epidermis  of  the  leaf  in  certain  members  of  the  Order  ; 
apart  from  the  species  previously  mentioned  in  this  connexion  (Alstonia  scholaris 
and  Cerbera  Manghas),  this  character  is  found  in  all  the  species  of  Hunteria 
(according  to  Hallier),  in  Cerbera  Tanghifiy  Hook,  (according  to  Garcin),  and  in 
Gonioma  Kamassi  (according  to  Gerhard). 

To  the  section  dealing  with  the  non-articulated  latidferous  tubes  we  may 
add  the  following  details.  In  the  first  place  we  may  note  that  Spire  mentions 
the  occurrence  of  anastomoses  in  the  laticiferous  system  of  the  axis,  the  leaf, 
the  floral  parts  and  the  fruits  of  certain  Apocynaceae.  He  observed  only  two 
examples  of  anastomosis  in  the  axis,  viz.  in  the  laticiferous  tubes  situated  m  the 
pericycle  of  '  Alstonia  Hoedtiiy  F.  et  B.,'  and  in  the  case  figured  by  him  in 
Fig.  I,  pi.  XXXVI  (Cercocoma  macranthay  Teijsm.  et  Binn.).  The  first  case 
did  not  admit  of  verification  ;  the  second,  judging  by  the  figure,  is  merely  an 
instance  of  apparent  anastomosis,  which  can  be  brought  into  relation  with  the 
branching  of  one  of  the  non-articulated  laticiferous  tubes.  On  the  other  hand^ 
Figs.  I,  4,  and  5  on  pi.  XXXIV,  which  refer  to  the  laticiferous  tubes  in  the 
petals  of  Rhynchodia  Capusiiy  Pierre,  ilganosma  marginata^  Don  and  Parabarium 
vernetiy  Pierre,  appear  to  show  true  anastomoses.  According  to  Spire,  however, 
anastomoses  in  the  floral  organs  and  fruits  are  likewise  of  rare  occurrence. 
Leuconotis  eugenifolius,  DC.  and  *  Ochrosia  glomerata '  are  given  as  examples 
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of  the  occurrence  of  anastomoses  in  the  leaf.  A  careful  reinvestigation  of  these 
cases  of  anastomosis  is  very  much  to  be  desired.  With  referenoe  to  the  distii- 
bution  of  the  latidferous  tubes  in  the  axis  we  may  add  that  they  occur  abun- 
dantly also  in  the  pericyde.  Latidferous  tubes  running  fredy  in  the  mesophyll 
have  been  observed  in  the  following  additional  spedes  :  in  AcokafUhera  speda- 
bilis.  Hook,  fiy  Garcin ;  in  Chilocarpus  denudatus^  Bl.,  Dipiadenia  aifopurpureOy 
*  MiUl.  Arg.,'  Pardbatium  kUifolium^  Pierre,  and  P.  Toumieri,  Pierre  by  Spire  ^ ; 
in  HunUria  ambiens,  Hallier  f .,  H.  pleiocarpa^  Hallier  f.,  H.  pycnaniha^  K.  Sch., 
Lepiniopsis  ternaUnsis^  Val.,  Leuconoiis  anups,  Jacq.,  and  L.  eugenifolius,  DC 
by  Hallier.  For  the  distribution  of  the  latidferous  tubes  in  the  petiole  and  in 
the  veins  of  the  leaf,  see  especially  Spire,  loc.  dt.,  p.  155.  The  diameter  of  the 
latidferous  dements  varies  with  the  spedes  and  with  the  tissue  in  which  they 
occur.  The  largest  diameter  is  50  ft  (latidferous  tubes  in  the  pith  of  Heligme 
buruensis,  Teijsm.  et  Binn.),  the  smallest  5-7  fi  (cortex  of  Landolphia  Kirkii, 
Dyer).  The  secretion  is  not  always  white,  but  may  be  bright  yellow  {Leuconotis 
eugenifolius,  DC.)  or  pale  red  {Parabarium,  Parameria)  or  greenish  {Trachelo- 
spermum  jasminoidesy  Lem.).  Starch-grains  were  observed  by  Molisch  in  the 
latex  only  in  Nerium  Oleander,  L.  and  AUamanda  SchoUii,  Pohl;  the  same 
authority  found  small  crystalloids  in  the  latexof  the  oleander,  and  indican  in 
the  latex  (as  well  as  in  the  mesophyll)  of  Echites  religiosa,  Tdjsm.  et  Binn.  The 
walls  of  the  latidferous  tubes  for  the  most  part  consist  of  cellulose,  but  are 
occasionally  suberized. 

The  previous  list  of  Apocynaceous  genera,  in  which  non-articulated  latidferous 
tubes  and  intraxylary  phloem  have  been  shown  to  occur  (see  footnote  on  p.  531), 
may  be  amplified  by  the  addition  of  the  following  genera  on  the  basis  of  Gardn's, 
HaUier's,  and  Spire's  investigations:  Acokanthera,  Aganonerion,  AmalocalyXt 
Bousigonia,  CarpodinuSt  Chilocarpus,  Chonemorpha,  Cliiandra,  Craspidosfmrmum, 
Cylindropsis,  Ecdysanihera,  HunUria,  Lepiniopsis,  LeuconoHs,  Micrechites,  Nouettea, 
Parabartum,  Rhazya,  Winchia  and  Xytinabaria,  Spire  records  latidferous  tubes 
also  in  spedes  of  Aganosma,  Cameraria,  Holarrhena,  Kickxia,  Roupellia,  VaUaris 
and  Veacanga  (under  Orchipeda),  We  may  add  here  that  according  to  Spire  Blondel's 
statement  (Connessie,  in  lies  nouv.  rem^es,  1887,  p.  427)  as  to  the  occurrence  of 
transverse  walls  in  the  laticiferous  tubes  of  Holarrhena  antidysenterica,  WalL  is 
incorrect. 

In  addition  to  the  non-articulated  latidferous  tubes  other  types  of  internal 
secretory  organs  (viz.  secretory  cells  with  contents  resembling  latex,  mucilage- 
cells  and  mucilage-cavities)  are  found  in  certain  members  of  the  Order.  Secre- 
tory cells  were  already  previously  (p.  531)  mentioned  as  occurring  in  Aspido- 
sperma  Quebracho,  Schlecht.,  and  Geissospermum  Vellosii,  Peck.  According  to 
Spire  the  following  elements  bdong  to  the  same  category  :  (a)  cells  filled  with 
granular  contents  and  forming  a  complete  layer  below  the  palisade  tissue  in 
Cleghornia  cymosa,  Wight  (=  Baissea  acuminata,  Benth.),  Echites  religiosa, 
Tdjsm.  et  Binn.,  Kopsia  fruticosa,  DC,  and  Tabemaemontana  sphaerocarpa,  Bl. ; 
(b)  the  isodiametric  secretory  cells  found  in  the  floral  organs  in  species  otAganosma 
and  Melodinus ;  and  (c)  the  elongated  secretory  cells  present  in  the  fruits  of 
Melodinus  and  Tabemaemontana.  Garcin  observed  mucilage-cells  in  Apocynum 
venetum,  L.  (pith,  bast,  and  primary  cortex),  Carissa  Arduina,  Lam.  (primary 
cortex  and  spongy  tissue),  C.  Carandas,  L.  (subepidermal  cell-layer  of  the 
cortex),  C.  ovata,  R.  Br.  (primary  cortex,  pericycle  and  tissue  of  the  leaf),  and 
Ichnocarpus  frutescens,  R.  Br.  (pericyde).  According  to  Spire  the  mucilage- 
cavities  are  lysigenous  in  origin,  although  surrounded  by  an  epithelium,  and 
are  occasionaUy  of  very  considerable  width.  They  are  found  at  the  margin  of 
the  pith  or  in  the  intraxylary  phloem  in  Bousigonia  angustifolia,  Pierre,  Chone- 


'  Spire*s  remaiDiog  tUtements  (loc.  dt.,  p.  156)  concerning  this  point  are  not  clearly  preseotecL 
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marpha  Grandieriana,  Pierre,  C.  megacalyx,  Pierre,  and  Micrechiies  JacqueH, 
Pierre,  and  in  the  pith,  outer  portion  of  the  bast,  and  wood,  as  well  as  in  the 
parenchyma  of  the  leaf  in  Rhynchodia  Capusii,  Pierre  and  PoUsia  catUanensis^ 
Hook,  et  Am. 

Greshoff  has  shown  that  the  demonstration  of  the  presence  or  absence  of 
alkaloids  in  a  member  of  the  Apocynaceae  by  means  of  microchemical  tests 
may  also  be  of  importance  in  the  solution  of  systematic  problems  (see  Hallier, 
loc.  dt.). 

3.  Structure  of  the  Axis.  To  the  statements  on  the  structure  of  the 
wood  we  may  add  that  the  wood-prosenchyma  bears  bordered  pits  also  in 
Aspidosperma  (Hansen). 

As  regards  the  structure  of  the  cortex  we  mav  first  note  that  the  cork 
develops  in  the  epidermis  also  in  species  of  Acokanmera^  Amsonia^  Melodinus, 
and  Trachelosptrmum^  in  the  subepidermal  layer  of  cells  in  species  of  Carissa, 
EcdysatUh&ra,  Melodinus,  MicreckiUs^  Parabarium,  and  Xylinabana^  and  in 
a  slightly  deeper  layer  of  cells  in  certain  spnecies  of  Pardbarium  and  Xylinaharia 
(Gardn,  Spire).  The  pheUoderm  is  occasionally  sclerosed  (Alstonia  constrida^ 
F.  V.  M.)  or  its  cells  are  filled  with  solitary  crystals  (Alstonia  scholaris,  R.  Br.). 
The  primary  cortex  frequently  includes  stone-cells  or  groups  of  these  elements  ; 
in  some  cases  there  is  even  a  ring  of  stone-cells  (e.g.  in  MicrechiUs  JacqueU, 
Pierre,  according  to  Spire).  In  Farsteronia  corytnbosa,  Mey.  an  anmilar  zone 
containing  clustered  crystals  is  found  in  the  cortex.  The  groups  of  pericydic 
bast-fibres  are  fre<^uently  arranged  in  one  or  more  annular  zones  ;  in  other  cases 
they  lie  singly,  or  m  small  scattered  groups  in  a  bro^d  pericycle,  or  unite  to  form 
a  ring.  Side  by  side  with  the  bast-fibres,  the  walls  of  which  are  often  not 
lignified,  the  pericycle  contains  crystal-cells,  stone-cells  and  laticiferous  tub^. 
Spire's  statement  as  to  the  absence  of  pericydic  fibrous  ceUs  in  Amalocalyx 
microlohus^  Pierre  is  probably  based  on  the  investigation  of  a  branch  of  slight 
thickness,  since  the  oifferentiation  of  bast-fibres  in  the  p«ricyde  of  the  Apocy- 
naceae often  takes  place  only  at  a  late  stage  ;  a  reinvestigation  is  required  to 
determine  whether  the  ring  of  stone-cells,  recorded  by  the  same  author  in  the 

Sjricycle  of  Bousigonia  tnekongensis,  Pierre,  really  belcrngs  to  the  pericyde. 
ard  bast  seems  to  occur  more  frequently  in  the  secondary  phloem  than  was 
formerly  supposed,  judging  by  the  statements  of  Garcin  with  reference  to 
AlsUmia  scnolaris  and  A.  constricta,  and  of  Spire  with  reference  to  Bousigonia 
mekongensis.  In  Aganonerium  polymorphum,  Pierre  the  secondary  bast  con- 
tains a  ring  of  stone-cells  (Spire).  The  bast-fibres  of  the  Quebracho-bark, 
which  either  occur  embedded  m  groups  of  stone-cells  or  lie  isolated,  are  quite 
spedally  distinguished  by  the  fact  that  eadi  fibre  is  completdy  envdoped  by 
a  one-layered  sheath  of  crystal-cells,  each  of  which  contains  a  solitary  crystal 
(Hansen,  Moller,  Garcin,  &c.) ;  according  to  MoUer  the  only  other  known 
example  of  this  type  of  structure  is  found  in  '  Cortex  Chinae  albae  de  Payta.' 
The  mode  of  devdopment  of  the  anomalous  stmcttire  of  the  axis  found  in 
Condylocarpon  sp.  (see  Fig.  123  on  p.  533)  has  been  investigated  by  Leisering  ; 
according  to  him  the  endosure  of  the  phloem-groups  is  not  due  to  the  activity 
of  a  new  cambial  arc  (as  in  Strychnos),  but  to  prohferation  of  the  tissue  of  the 
wood.  With  reference  to  the  interxylary  phloem  of  Lyonsia  straminea^  the  same 
author  states  that  the  cambium  at  first  merdy  produces  groups  of  thin-walled 

Earenchyma  on  its  inner  side,  and  that  the  transformation  of  these  groups  into 
jptome  takes  place  at  a  later  stage  ^. 


^  The  tUtement  (in  Perrot,  TissQ  cribl^,  Th^,  Paris,  1899,  p.  186)  to  the  effect  that  intetxylary 
phloem  occurs  in  Apocynum  ca$maHnum  and  Willoughbeiafirma  b  incorrect,  cf.  Scott  and  Brebner, 
m  Ann.  of  Bot,  1891,  p.  283  et  seq. ;  these  anthers  only  mention  the  secondary  transfoimatioQ  of  the 
intraxylary  phloem-bnndles  into  inversely  orientated  medullary  vascular  bundles. 
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For  the  structure  of  the  spiny  branches  of  Carissa,  see  Garcin  and  Lothelier, 
U.cc. 
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47  et  seq.^Thomas,  Feuilles  sout,  Tha!e,  Paris,  1900. — Molisch,  MilchMft  u.  S<^eimaLft,  1901, 
pp.  30,  37  and  71. — Petersen,  Vedanatomi,  i^i,  p.  84. — Baigagli-Petrucci,  L^;nami,  Malpighia, 
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CentralbL,  xviii,  Abt.  i,  1905,  po.  379,  380. — Spire,  Apocynao^es,  Thise,  Paris.  1905,  186  pp.  (also 
in  Perrot,  Travaux,  ii). — Piccioli,  Legnami,  BulL  Siena,  1906,  p.  i46.---[ For  farther  literature,  see 
p.  1169.] 


ASCLEPIADEAE  (pp.  534-537)- 

1.  Review  of  the  Anatomical  Features.  To  the  enumeration  of  special 
anatomical  features  (p.  534)  we  may  add  the  occurrence  of  intercellular  spaces 
containing  mucilage  {Morrenia  odoraUiy  Lindl.),  of  secretory  cells  in  the  meso- 
phyll  (SolenosUmma  Arghel,  Heyne),  and  of  long  prismatic  crystals  of  oxalate 
of  lime  (Menabea).  Among  the  anomalies  in  the  structure  of  &e  wood  we  may 
include  the  occurrence  of  islands  of  soft  bast  in  the  wood  of  the  root  of  Asclepias 
syriaca  and  Morrenia  brachystephana^  Griseb. 

2.  Structure  of  the  Leaf.  Stomata  having  4-5  neighbouring  cells  are 
found  in  Vincetoxicum  palustre.  Gray  (Keamy),  and  stomata  with  2-5  neigh- 
bouring cells  in  Solenostemma  Arghel  (Tschirch).  The  mesophyll  in  Morrenia 
brachystephana  contains  fat-bodies  (Keller). 

The  prismatic  crystals  mentioned  above  appear  to  be  of  the  nature  of 
styloids,  and  are  found  in  the  bast  of  the  root  of  Menabea  venenata^  Baill., 
while  the  tissue  of  the  leaf  in  this  plant  contains  clustered  crystals.  The 
clustered  crystals  found  in  the  leaf  01  Solenostemma  Arghel  have  the  shape  of 
a  sphaerite.  The  non-articulated  latidferous  tubes,  which  side  by  side  with 
intraxylary  phloem  ^  have  recently  also  been  demonstrated  in  Conchophyllumy 
Menabea^  and  Morrenia^  penetrate  into  the  mesophyll  also  in  Peripioca  graeca 
and  Hoya  carnosa  (Kniep,  Lehmann).  Intercellular  spaces  containing  mucilage 
were  observed  by  Keller  in  the  primairy  cortex  of  the  terrestrial  roots  of  Morrema 
odorata  ;  they  are  situated  on  the  outer  side  of  the  endodermis  and  attain  a  con- 
siderable size.  The  secretory  cells  foimd  in  the  mesophyll  in  SoUnostemma 
Arghel  are  either  roimded  or  elongated  ;  they  have  suberized  walls  and  contain 
a  yellow  secretion. 

3.  Structure  of  the  Axis.  The  wood  contains  vessels  with  simple 
•perflations  and  wood-prosenchyma  bearing  bordered  pits  m  Gymnema  ako. 

•      *  The  petiole  of  Solencsttmma  Arghel  liket^ise  contains  latidferous  lubes  and  an  arc-shaped  vas- 
cular bundle  showing  bicollatertl  structure. 
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The  cork  arises  in  a  subepidermal  position  in  Gymnema.  Chambered  crystal- 
fibres  containing  clustered  crystals  are  found  in  the  secondary  bast  in  Gymnema, 
and  similar  elements  with  solitary  crystals  in  the  secondary  bast  in  Periploca 
graeca. 

No  details  are  known  as  to  the  mode  of  development  of  the  interxylary 
phloem  in  the  wood  of  the  root  of  Morrenia  brachystephana  (see  Hantzschel, 
loc.  cit.).  The  differentiation  of  the  islands  of  soft  bast,  observed  by  Kny  in  the 
wood  of  the  root  of  Asclepias  syriaca,  only  tsdces  place  at  a  late  stage. 

Literature :  Costantin,  Tiges  a^.  et  sout,  Ann.  sc  nat^  s^r.  6,  t  xvi,  1883,  P«  140. — Kny, 
Bot  Wandtafcln,  vi.  Abt,  Text,  1884,  pp.  337,  238.— Leitgeb^  Spharite,  MitteiL  bot.  Inst.  Graz, 
Heft  2, 1888,  p.  314  et  seq. — Keller,  Luftwnrzeln  einiger  Dikotylen,  Diss.,  Heidelbeig,  1889,  pp.  8-12. 
— Lamotmette,  Liber  mteme,  Ann.  sc.  nat,  s^.  7,  t.  xi,  1890,  pp.  a55>7. — Wijnaendts  Francken, 
Sclereiden,  Diss.,  Utrecht,  1890,  pp.  57,  58. — Latoar,  S<^n^,  These,  Montpellier,  1894,  p.  25  et  sea. 
(Arghel) ;  see  also  Tschirch  and  Oesterle,  Anat.  Atlas,  i,  1895,  p.  a6  and  Tab.  7.~[Tognini,  Stomi, 
Atti  1st.  bot.  Pavia,  1894.]— Busch,  Gymnema  sylvestre^  etc.,  Diss.,  Erlangen,  1895,  pp.  14  and  31 
et  seq. — Karsten,  Epiphytaiformen,  Ann.  Jardin  Buitenzorg,  xii,  1895,1).  I54etseq. — HantzschdL, 
Morrenia  brachystephana^  Diss.,  Erlangen,  1895,  PP*  '^  ^^  35  ^  *^* — Lehmann,  Periploca  graeca^ 
Arehiv  d.  Pharm.,  335, 1897,  p.  159  et  seq.— [Mirabella,  Colleteri,  Contribas.  1st.  bot  Palermo,  ii, 
1897,  p.  I5et  seq.;  abstr.  in  Just,  1897,  i,  p.  513.]— Schnbert,  Parenchymscheiden,  Bot  Centralbl., 
1897,  iv,  p.  aa— [Tassi,  ffaya  camesa.  Bull.  Lab.  Orto  bot  Siena,  1898,  pp.  15 1-7,  a  tab.;  abstr. 
in  Jnst,  1899,  ii,  p.  245.] — Gr^lot,  Caontchoucs  et  Gutta  Percha,  Th^,  Pans,  1899,  p.  163  et  seq 
— ^Leisering,  Interxyliires  Leptom,  Diss.,  Berlin,  1899,  p.  38. — Kearny,  in  Cootrib.  U.  S.  Nat.  *llerb., 
V,  n.  5,  1900,  p.  303  {Vincetoxicum), — Perrot,  Menabea^  Comptes  rendos,  Paris,  cxxxiv,  190a,  p.  305 ; 
see  also  Joom.  de  lx>t.,  1903,  pp.  114,  115. — Col,  Faisc.  bicolL,  Ann.  sc.  nat.,  s^.  8,  t  xx,  1904, 
pp.  193-4. — Paoli,  Eterofilfia,  Nnovo  Giom.  bot  Ital.,xi,  1904,  p.  219  (/^m^(i^xvi#f).--.SCissaigath, 
Behaarongsverh.  der  Wiirzb.  Mnschelkalkpfl.,  Diss.,  Wiirzbarg,  1904,  p.  44. — Kniep,  Milchrohren, 
Flora,  1905,  pp.  166, 167. — Mayns,  Milchrohr.  in  den  Bl.,  Beih.  z.  bot.  Centralbl.,  xyiii,  Abt  i,  1905, 
pp.  a8o,  a8i.— Sarton,  Anat  d.  pL  affines,  Ann.  sc.  nat, s<$r.  9,  t  ii,  1905,  pp. 99,  100  {Fincetoxicum). 
— [Harrier  et  Perrot,  Ginseng,  Boll.  sc.  pharmaool.,  1906,  p.  665  {TywpMra),'] — Holtermann,  Ein- 
Hnss  des  Klimas,  etc.,  1907,  p.  136  (//oya). 


LOGANIACEAE  (pp.  538-547). 

1.  Review  of  the  Anatomical  Features.  Oxalate  of  lime  is  deposited 
in  the  form  of  small  needles  in  Spigelia  also,  while  in  the  newly  established  genus 
Crateriphytum,  Scheff.  MS.  ed.  Koorders,  as  in  its  nearest  ally,  the  genus 
CotUhovia,  it  occurs  in  the  form  of  crystal-sand.  In  the  stem  of  Gelsemium 
sempervirens  and  '  Spigelia  dichotoma  '  the  intraxylary  phloem  becomes  trans- 
formed into  medullary  vascular  bundles,  showing  inverse  orientation .  Peculiar 
extrafioral  nectaries  taking  the  form  of  small  pits  and  provided  with  a  secretory 
palisade  layer  are  found  in  Fagraea. 

2.  Structure  OF  THE  Leaf.  A  mudlage-layer  situated  beneath  the  upper 
epidermis  is  stated  by  Morelle  to  occur  also  in  Mostuea  *  gahonica^'  M.  PerviUcana^ 
Mitrasacme  pilosa  and  ilf .  prolifera  ;  he  likewise  mentions  the  occurrence  of 
cells  having  partially  gelatinized  walls  in  the  mesophyll  of  the  two  species  of 
Mitrasacme  just  named.  In  Mitrasacme  polymorpha  (M.  cinerascens)  Morelle 
observed  a  layer  of  mucilage,  though  not  so  strongly  developed,  also  above  the 
lower  epidermis. 

The  short  unicellular  hairs  foimd  in  certain  species  of  Mostuea  and  Mitra- 
sacme are  true  papiUose-hairs. 

The  extrafloral  nectaries, which  occur  in  Fagraea  crassifolia^Bh^  F.  eUiptica^ 
Roxb.,  F.  imperialism  Miq.,  F.  lanceolata^  F.  litoraliSj  Bl.,  F.  monantha,  Miq., 
F.  obovata^  Wall.,  and  F.  peregrina,  BL,  have  been  examined  especially  by 
Zimmermann  (see  also  Poulsen  and  Areschoug) ;  they  are  found  on  both  surfaces 
of  the  leaf,  at  the  base  of  the  petiole  (here  two  or  more  in  number)  and  on  the 
stem  below  the  stipules.  They  constitute  lobed  pit-like  depressions  which 
vary  in  shape  and  open  to  the  exterior  by  means  of  a  small  aperture.    The 
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nectaries  situated  on  the  surface  of  the  leaf  show  a  short  canal  leading  into 
a  cavity,  which  is  placed  parsdlel  to  the  surface  of  the  lamina,  and  from  which 
lateral  canals  arise ;  in  the  case  of  the  nectaries  occurring  on  the  petiole  and  stem 
the  vertical  canal  is  longer,  but  its  branches  are  less  numerous.  The  wall  of  these 
pits  is  formed  by  a  layer  of  secretory  palisade-cells  which  have  no  cuticle,  while 
the  layers  of  cells  adjoining  the  pausade-layer  are  rich  in  clustered  crystals  of 
oxalate  of  lime.  The  starting-point  in  the  development  of  the  nectary  is 
a  single  epidermal  cell,  which  increases  in  size,  and  becomes  elongated  m  a 
direction  at  right  angles  to  the  surface  of  the  organ.  The  cells  of  the  epidermis 
and  of  the  inner  tissues  bordering  on  this  initial  cell  likewise  imdergo  elongation 
and  division,  and  thus  give  rise  to  the  epithelium.  The  main  cavity  of  the  gland 
is  formed  by  the  separation  of  the  epithelial  cells  from  the  epidermal  cell,  which 
initiates  the  formation  of  the  entire  glandular  mechanism,  and  may  stiU  occa- 
sionally be  found  in  the  cavity  of  the  matiure  gland ;  the  lobes  are  formed 
solely  by  the  separation  of  the  epithelial  cells  from  one  another. 

The  occurrence  of  oxalate  of  lime  in  the  form  of  small  needles  in  Spigdia 
(according  to  Morelle)  and  of  crystal-sand  in  CraUrispermum  moluccanum, 
Scheff.  (Koorders)  has  already  been  referred  to  above. 

3.  Structure  OF  THE  Axis.  On  the  outer  side  of  theintraxylary  soft  bast 
in  the  older  parts  of  the  stem  and  in  the  rhizomes  of  Gelsemium  sempervirens 
a  cambium  is  formed,  which  not  only  produces  phloem  internally,  but  at  some 
points  also  gives  rise  to  wood  externally  (Bdlling).  In  this  way  the  groups  of 
mtraxylary  soft  bast  become  transformed  into  inversely  orientated  vascular 
bundles.  Such  inversely  orientated  bundles  are  stated  by  Morelle  to  occur 
also  at  the  margin  of  the  pith  in  *  Spigdia  dichotoma.' 

As  regards  the  structure  of  the  cortex  we  may  add  that  the  cork  in  Spigdia 
Sdlowiana,  Cham,  et  Schlecht.  arises  in  the  subepidermal  layer,  and  that  in  cer- 
tain xerophilous  species  of  Spigdia  which  have  reduced  leaves  (e.g.  S.  linarioides 
and  5.  pulchdla)^  subepidermal  groups  of  sderenchyma  (visible  to  the  naked 
eye  as  ribs)  and  palisade  tissue  are  developed  in  the  primary  cortex  (Morelle). 

Note,  According  to  Morelle  noteworthy  features  in  the  structure  of  the  root 
are  the  large  lacunae  in  the  primary  cortex  of  Mitrasacme  tnontana  and  species  of 
Mitreola,  and  the  pericyclic  development  of  the  cork  in  Mitrasacme  cinerascens 
(=  M,  polymorpha). 

Literature:  Rothrock,  Internal  cambinm-ring in  Gelsetniumt  Proceed.  Acad. sc.  Philadelphia,  1885, 
pp.  22,  23. — Gardn,  Apocynacto,  Thbe,  Lyon,  1889,  p.  206  (the  plant  described  in  this  paper  as 
Gelsemium  sempervirem  contains  laticiferons  tubes  and  is  therefore  incorrectly  determined). — Wij- 
naendts  Francken,  Sclerciden,  Diss.,  Utrecht,  1890,  pp.  55,  56. — Ilschert,  Strychnos  TUute,  Diss., 
Erlangen,  1894,  24  pp. — Elfistrand,  Studier  6fv.  Alkaloid,  lokal^  etc.,  Upsala  Univeis.  Arsskr.,  1895, 
126  pp.,  2  Tab. — Went,  Haft-  u.  Nahrwurzeln,  Ann.  Jardin  Boitenzorg,  xii,  1895,  p.  62  {Fagraea). — 
[Dohme,  in  DniggisU'  Circ.  and  Chem.  Gazette,  1897,  n.  7  {Gelsemium) ;  abstr.  in  Just,  1897,  ii, 
~.  ii.]--Matteucci,  Placche  sugherose,  Nnovo  Giom.  bot.  Ital.,  1897,  p.  235. — Poulsen,  Extraflor. 
ektar.-Stud.,  Vidensk.  Meddelels.  KJ0benhavn,  1897,  pp.  360-4  and  Tab.  iJi,^[Sayre,  Gelsemium^ 
Americ.  Joum.  of  Pharm.,  1897,  ^*  '  J  abstr.  in  Just,  i8jj7,  ii,  p.  46.] — [Serbcrling,  Gelsemium, 
Americ.  Joum.  of  Pharm.,  1898,  n.  8  ;  abstr.  in  Just,  1898,  li,  p.  51.] — ^Tliompson,  Internal  phloem 
in  Gelsemium^  Contrib.  bot  Labor.  Univ.  of  Pennsylvania,  ii,  1898,  pp.  41-53.— Leisering,  Inter- 
xylares  Leptom,  Diss.,  Berlin,  1899,  pp.  18-23. — Boiling,  Alkaloidhalt  Pfl.,  Diss.,  Erlangen,  I9cx>, 
pp.  33-5  (Gelsemium),—G9JXiYitr^  Angostnrarinden,  Diss.,  Zurich,  1900,  p.  51  et  seq.  {Strychnes). — 
Gerhard,  Blattanat.  v.  Gew.  d.  Knysnawaldes,  Diss.,  Basel,  1902,  pp.  27,  28  {Nuxia), — Koorders, 
CrtUeriphytumy  Bull.  Instit.  bot.  de  Buitenzorg,  n.  xvi,  1902,  sep.  copy,  p.  3.— Ponlaen,  BladkirtL 
hos  Fagraea  obavata^  Vidensk.  Meddelels.  Kj^boihavn,  1902, pp.  242-4. — Zimmermann,  Extraflorale 
Ndctar.  einiger  Fagraea-hiXesi,  Ann.  Jardin  bot  Buitenzoig,  xviii,  1902,  pp.  1-7. — ^Achner,  Falsche 
Chinarinden,  Diss.,  Bern,  1904,  p.  ^6  et  seq. — Morelle,  Histol.  comp.  des  Gels6mi^  et  Spig^li^ 
Th^,  Paris,  1904,  162  pp. ;  also  m  Perrot,  Travaux,  ii. — Areschoug,  Trop.  vaxt  bladbyggn.,  Sv. 
Vet  Akad.  Handl.,  39,  n.  2, 1905,  pp.  140-2  and  Tab.  xix-xxi. — Holm,  in  Americ.  Joora.  of  Pharm., 
1906,  p.  553  et  seq.  and  1907,  p.  51  et  seq.  {Spigelia  marilaMdica),'-Ho\ttnnaim,  Einfloss  d.  Klimas, 
etc.,  1907,  p.  134  {Fagraea). 
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GENTIANEAE  (pp.  548-550). 

Our  knowledge  of  the  anatomy  of  the  Gentianeae  has  recently  been  quite 
considerably  enlarged,  especially  by  Perrot's  investigations  \  which  deal  with 
the  structure  of  the  leaf,  stem,  and  root.  The  two  suborders  Gentianoideae 
and  Menyanthoideae  differ  anatomically  not  only  in  the  presence  (Gentianoideae) 
or  absence  (Menyanthoideae)  of  intraxylary  phloem,  but  also  in  other  anatomical 
characters.  In  the  Gentianoideae  the  sieve-tubes  both  of  the  outer  and  intra- 
xylary soft  bast  (when  present,  of  the  interxylary  bast  as  weU)  almost  invariably 
form  small  groups  of  cells  with  narrow  lumina,  these  groups  in  a  transverse  section 
beingapproximatelyof  thesamesizeasoneof  theneighbouringcellsof  the  phloem- 
parenchyma;  in  the  Menyanthoideae,  on  the  other  hand,  the  sieve-tubes  have 
wide  lumina,  and  are  irregularly  distributed  in  the  tissue  of  the  soft  bast.  In  the 
Gentianoideae  the  formation  of  thepairof  guard-cells  is  quite  generallypreceded 
by  two  or  three  divisions  in  the  dermatogen-cell,  while  in  the  Menyanthoideae 
the  mother-cell  of  the  guard-cells  originates  with  the  appearance  of  the  first 
division-wall  in  the  dermatogen-cell.  Hydathodes,  provided  with  an  epithema 
and  water-pores,  occur  only  in  the  Menyanthoideae,  and  are  wanting  in  the  Gen- 
tianoideae. The  root  in  the  Gentianoideae  has  a  diarch  vascular  system,  while 
in  the  Menyanthoideae  the  vascular  system  of  the  root  is  pol3^arch  (5-9-arch) ; 
secondary  division-walls,  which  are  radial  or  more  rarely  tangential,  occur  in 
the  cells  of  the  endodermis  only  in  the  Gentianoideae.  To  the  earlier  statements 
on  the  structure  of  the  wood  (see  the  general  diagnosis  of  the  Order)  there  is 
nothing  to  add.  The  sentence '  a  special  type  of  stoma  does  not  occur '  must  be 
modified  in  the  sense  that  distinct  subsidiary  cells  are  rarely  foimd.  In  opposi- 
tion to  the  earlier  statements  it  has  been  shown  that  oxalate  of  lime  is  not 
absent  in  this  Order.  In  most  of  the  genera  of  the  Gentianoideae  it  has 
been  observed  as  small  crystals,  taking  the  shape  of  prisms,  octohedra,  needles 
of  varying  thickness,  or  granules,  as  well  as  in  the  form  of  small  clustered  crystals. 
Large  numbers  of  the  adcular  crystals  occasionally  lie  irregularly  scattered  in 
cells  with  mucilaginous  contents,  while  large  quantities  of  the  granular  crystals 
in  some  cases  form  a  crystal-sand  similar  to  that  of  the  Solanaceae.  In  the 
Menyanthoideae  oxalate  of  lime  appears  to  be  absent.  Typical  internal  secre- 
tory elements  do  not  occm:  in  the  (rentianeae,  but  resinous  substances  are 
found  in  the  tissues  of  the  root  in  species  of  Gentiana  and  Sweertia,  isolated 
tannin-cells  or  rows  of  these  elements  in  the  Menyanthoideae,  and  mucilage- 
cells,  as  well  as  gelatinized  epidermal  cells,  in  certain  species  of  Gentiana.  In 
certain  genera  of  the  Gentianoideae,  moreover,  the  epidermis  of  the  ovary 
contains  latex.  Recent  observations  have  also  demonstrated  the  rare  occur- 
rence of  clothing  hairs  (unicellular  or  uniseriate  hairs,  the  latter  composed  of 
a  small  number  of  cells) ;  there  are  no  typical  glandular  hairs,  apart  from 
club-shaped  bodies,  which  consist  of  a  large  number  of  cells  and  have  hitherto 
been  observed  only  in  the  axils  of  the  leaves  in  Obolaria  and  on  the  leaves  in 
Barionia,  To  the  previous  list  of  special  features  we  may  add  :  the  occurrence 
of  islands  of  soft  bast  and  of  vascular  bundles  in  the  pith  (the  latter  in  species 
of  Gentiana) ;  the  occurrence  of  cortical  vascidar  bundles  (in  certain  Meny- 
anthoideae) ;   the  anomalous  structure  of  the  axis  found  in  the  species  of 


^  These  investigations  extend  to  the  following  genera  (in  the  serial  order  of  Gilg*s  S)r8tein)  : 
ExacuMy  Sebaea,  Belmoniia^  Enicostemma^  Faroa^  Microcakij  Curtia,  Neurotheca^  Geniostemcny 
Cicendia,  SatSaiiay  Lapithea^  Erythraea^  Chlora,  SchinzieUa^  Canscora^  Bartoniay  Obolaria^  Chironiaf 
Orphium,  Crawfurdia^  Gentiana  ^  Ixanthm^  PUurogytu^  Sweeriia,  HaUnia^  Hockinia^  Usiantkus^ 
Eustomay  Zygostigma^  Zonanthus^  RusbyatUhus^  Prepusa^  Senaea^  SchuUesia^  Coutoubea^  Purdtean- 
thus  J  LagenanthuSy  Deianira,  LehmamtUlla^  Voyritlia^  Leiphaimos\  NephrophyUidiumy  Menyantka^ 
Villarsiay  Limrumthemum^  LiparophyUum, 


Digitized  by 


Google 


992  ADDENDA— GENTI A  NEAE 

Lfmnaff/AfffiMmbelongingtothesectionNym/^Ao^n^and  recalling  the  structure 
of  a  Monocotyledonous  stem  ;  the  peculiar  discoid  groups  of  small  cells  occurring 
on  the  lower  side  of  the  leaf  in  species  of  Limnanthemum  and  Villarsia  ;  and 
the  development  of  interxylary  phloem  in  the  axis  in  Chironia^  Crawfurdia^ 
Ixanthus  and  Orphiumy  and  in  the  root  in  many  members  of  the  Order. 

The  following  details  may  be  added  regardmg  the  structure  of  the  leap 
in  the  two  suborders.  In  the  Gentianoideae  the  upper  epidermal  cells  are 
provided  with  straight  or  slightly  undulated  lateral  walls,  while  the  lower 
epidermal  cells  have  strongly  curved  walls.  Papillae  are  developed  in  some 
cases,  especially  at  the  margm  of  the  leaf  ;  the  cuticle  is  occasionally  striated. 
The  development  of  the  stomata  was  described  above  ;  they  are  for  the  most 
part  confined  to  the  lower  side  of  the  leaf,  although  in  some  cases  present  on 
both  sides,  and  are  surrounded  by  3-4  neighbouring  cells.  The  mesophyll  is 
lacunar  and  either  bifacial  or  homogeneous  in  structure.  The  epidermal  cells 
of  the  Menyanthoideae  have  rather  straight  lateral  walls.  The  stomata,  the 
mode  of  development  of  which  has  likewise  been  considered  above,  occur  on 
both  sides  of  the  leaf,  but  are  developed  only  on  the  upper  side  in  the  floating 
leaves ;  the  guard-cells  are  surrounded  by  4-6  neighbouring  cells.  The 
structure  of  the  leaf  in  this  suborder  is  markedly  bifacial,  and  the  spongy  tissue 
is  very  lacunar.  In  none  of  the  Gentianeae  are  the  stomata  ever  strongly 
depressed  or  elevated.  Large  guard-cells  are  found,  for  example,  in  Geniiana 
fyrenaica,  L.,  small  ones  in  Crawfurdia  japonicuy  S.  et  Z.  Stomata  have  also 
oeen  observed  in  the  typical  saprophytes  (in  Cotylantketa  by  Figdor,  in  Obolaria 
by  Holm  and  prior  to  that  by  Chatin,  in  Leiphaimos  and  Voyria  by  Svedelius 
and  Porsch).  The  veins  of  the  leaf  rarely  contain  fibrous  cells  (Deianira^ 
Senaea  coeruUay  Taub.),  the  latter  being  found  in  species  in  which  mechanical 
elements  are  also  developed  in  the  pericycle  of  the  axis.  In  the  Menyanthoideae 
enlarged  terminal  tracheids  occur  at  the  ends  of  the  veins. 

The  occurrence  and  mode  of  deposition  of  oxalate  of  lime  have  already 
been  referred  to  above  ^.  The  quantity  of  the  salt  excreted  varies  very  con- 
siderably. It  is  met  with  in  the  ground  tissue  and  occasionally  in  the  bast 
and  epidermis  as  well.  Mudlage-ceUs  containing  adcular  crystals  have  been 
observed,  for  example,  in  GenHana  cruciata,  L.,  G.  luUa,  L.  and  G.  Saponaria,  L., 
while  crystal-sand  has  been  found  in  species  of  Gmtiana^  belonging  to  the 
section  Chondrophylla^  and,  as  it  seems,  also  in  Sabbatia ;  small  clustered 
crystals  occur  in  species  of  GefUiana,  Lehmanniella  and  Purdieanthus.  There 
can  be  little  doubt  that  the  crystalline  deposits  do  not  possess  that  degree  of 
systematic  importance  which  Kusnezow  attributes  to  the  occurrence  of  oxalate 
of  lime  in  the  mesophyll  in  the  genus  Geniiana  ;  according  to  him  oxalate  of 
lime  is  present  in  all  the  sections  of  the  subgenus  Eugeniiana  with  the  exception 
of  the  section  Cyclostigma^  while  emphasis  is  laid  on  its  absence  in  the  section 
just  named  and  in  the  subgenus  Gentianella. 

Perrot's  statements  as  to  the  exact  nature  of  the  mucilage-cells  are  not 
always  quite  clearly  presented ;  according  to  him,  moreover,  the  demonstration 
of  these  elements  in  herbarium-material  was  attended  with  difficulty.  Mucilage 
is  found  mainly  in  the  leaf  and  in  the  root.  As  regards  the  former,  Perrot,  in 
the  first  place,  records  slightly  gelatinized  cells  in  the  mesophyll  in  Belmontia 
cordata^  £.  Mey.,  and  leaves  containing  mucilage  in  Canscora^  Centiana  Parryi, 
Engelm.  and  &.  triflora,  Pallas  (sect.  iPneufnonanthe),  and  species  of  Geniiana 


'  Perrot  and  other  anthorities  have  demoostrated  oxalate  of  lime  in  species  of  the  foUowing 
genera :  ExacuMy  Sedaea^  Belmontia^  Enicostimma^  Faroa^  Microccda^  Newolheca^  SabbaHa^ 
Erythraea,  Chlora,  Schinziellay  Crawfurdiay  GenHana^  Ixanihus^  Sweertia^  Halema^  Rusbyamtkm^ 
SchulUsia,  Purdieanthus,  LagenanthuSt  Deianira^  LehmanniiUa.  Perrot  distinctly  meotioos  the 
absence  of  oxalate  of  lime  in  Coutoubea,  PrepuscL,  Senaea  and  in  the  Menyanthoideae* 
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belonging  to  the  section  Stenogyne.  Epidermal  cells  of  the  leaf  having  muci- 
laginous inner  walls  occur  in  GetUiana  bavarica^  L.,  G.  excisa,  Presl  and  G, 
vcrna^  L.,  while  in  G,  pyrenaica,  L.,  a  complete  layer  of  mucilage,  formed  by 
the  gelatinization  of  the  inner  walls  of  the  epidermal  cells  and  the  walls  of  the 
adjoining  mesophyll-cells,  is  found  beneath  the  upper  epidermis.  A  similar 
layer  of  mucilage  is  present  also  beneath  the  epidermis  of  the  stem  in  Gentiana 
saxosuy  Forst.  In  the  species  of  Gentiana  belonging  to  the  section  Chondro- 
phylUiy  which  are  endemic  in  the  region  of  the  Himalayas  and  on  the  high 
mountains  of  Western  China,  the  tissue  of  the  leaf  is  gelatinized  to  quite  an 
exceptional  extent.  The  process  of  gelatinization  in  this  case  only  affects  the 
middle  portion  of  the  lamina  and  does  not  extend  to  the  margin  of  the  leaf, 
which  has  a  homy  appearance  characteristic  of  these  species ;  the  extent  of 
gelatinization  is  such,  that  transverse  sections  mounted  in  water  as  a  rule 
show  nothing  but  mucilage,  the  cuticle  of  the  upper  and  lower  epidermis,  and 
the  vessels.  The  thick  roots  of  the  species  of  Sweertia  belonging  to  the  section 
Ophelia  also  contain  a  Uttle  mucik^e,  while  the  cork-like  tissue  found  on  the 
siirface  of  the  roots  in  NephrophyUidium  crista-galliy  Gilg,  includes  a  mucila- 
ginous substance. 

The  cartilaginous  margins  above  mentioned  as  characteristic  of  the  leaves 
in  the  species  of  Gentiana,  sect.  Chondrophylla^  vary  in  breadth,  and  either 
contain  a  tissue  with  cartilagmous  walls  (G.  quadrifaria,  Bl.)  or  consist  merely 
of  the  thick- walled  upper  and  lower  epidermis  (G.  albescens,  Franch.).  Thick 
cell- walls  having  the  same  cartilaginous  texture  are  met  with  also  in  the  cortical 
tissue  of  the  stem  (primary  cortex  and  bast)  in  G.  papulosa,  Franch.,  and  other 
species  belonging  to  the  same  group. 

Perrot  mentions  the  occurrence  of  (a)  resinous  substances  in  the  cortical 
tissue  of  the  root  in  Gentiana  lutea,  L.  and  G.  purpurea,  L.,  as  well  as  in  Sweertia 
Chirata,  Ham.,  S.  Hookeri,  Clarke,  S.  Kingii,  Hook,  and  S.  multicatdis,  Don  ; 
(i)  tannin-cells  in  the  rhizome  of  NephrophyUidium  and  Villarsia ;  and  (c)  latex 
in  the  epidermal  cells  (which  are  here  elongated  at  right  angles  to  the  siirface) 
of  the  ovary  of  Canscora,  Chironia,  Chlora,  Erythraea,  Lisianthus,  SchuUesia 
and  Sweertia,  and  to  these  we  may,  on  Baillon's  authority,  add  Sabbatia  \ 

The  branched  spicular  cells,  which  are  differentiated  as  internal  hairs 
(p.  548),  do  not  occur  in  the  root.  The  tissue  of  the  latter  contains  only  im- 
branched  sclerotic  cells,  and  these  are  not  abundant.  Perrot  observed  rather 
long  uni-  or  bicellular  trichomes  also  in  a  few  species  of  Sweertia,  whose  names 
are  not  mentioned.  The  unicellular  hairs  in  this  case  are  either  elongated 
trichomes  with  a  bulbous  swelling  at  their  base,  or  are  connected  with  papillae 
by  means  of  transitional  forms.  Papillae,  varying  in  shape  from  conical  to 
elongated-cylindrical  and  commonly  striated,  are  present  on  the  epidermis 
of  tiie  stem  or  leaf  (here  especially  on  the  margin),  or  on  both  in  many  Gen- 
tianoideae,  e.g.  in  species  of  Curtia,  Exacum,  Gentiana  (species  belongins;  to 
various  sections,  such  as  Pneumonanthe,  Stenogyne,  Frigida,  Isomeria,  Chon^ 
drophylla,  Andicola  and  Amarella),  Halenia,  Hockinia,  Ixanthus,  Orphium, 
Purdteanthus,  and  Sweertia.  Another  noteworthy  feature  lies  in  the  occurrence 
of  glandular  shaggy  hairs  in  the  axils  of  the  sepals  (bracts  according  to  Baillon's 
interpretaticm)  and  foliage-leaves  in  Obolaria  virginica,  L.  (Baillon,  Knoblauch), 
and  on  the  leaves  in  Bartonia  verna,  Miihl.  and  B.  lanceolata.  Small  (Holm). 
Their  structure  is  similar  to  that  of  the  glands  which  are  situated  in  the  depres- 
sions between  the  corolla-lobes,  and  are  figured  by  Holm.    In  shape  they  recall 


'  We  may  nodoe  here  that  aocofding  to  Figdor  the  ftarch-graini  in  the  stem  and  root  of 
Cdiylantkera  become  coloued  red  by  lodme  solnSon,  and  consequently  consist  of  amylodeztrin. 
Starch-grains  showing  the  same  reaction  had  previously  been  observed  by  Russow  and  A.  Meyer  in 
Gentiana  luiea  and  Swuriia  permnis, 

SOLBIEDBR  3    ^ 


Digitized  by 


Google 


994  ADDENDA— GENTIANEAE 

the  well-known  glandular  shaggy  hairs  found  in  the  Rubiaceae,  &c.,  but  differ 
from  them  in  the  absence  of  a  vascular  bundle  and  in  the  fact  that  the  epidermis 
of  the  body  of  the  gland,  which  is  composed  of  numerous  cells,  is  not  developed 
as  a  layer  of  palisade-cells.  Glandular  bodies  of  this  type  are  probably  more 
widely  distributed  in  the  Order.  HsTdathodes,  as  already  stated  above, 
while  completely  absent  in  the  Gentianoideae,  are  characteristic  of  the  Meny- 
anthoideae.  They  consist  of  the  termination  of  a  vein,  associated  with  an 
epithema  including  a  varying  number  of  spirallv  thickened  ceUs,  and  of  a 
small  group  of  water-pores ;  they  are  found  either  on  the  leaf-teeth  or  on 
the  margin  of  edentate  leaves,  and  occur  either  on  the  upper  or  lower  surface. 
The  peculiar  groups  of  cells  previously  mentioned  as  present  in  the  lower 
epidermis  of  the  leaf  occur  in  LimnatUhemum  lacunosum^  Griseb.,  L.  Hum- 
boldtianum^  Griseb.  and  L.  nymphaeoides^  Link,  as  well  as  in  VUlarsia  parnassi- 
folia^  R.  Br. ;  they  constitute  disc-shaped  areas,  composed  of  cells  which 
differ  from  the  ordinary  epidermal  cells  (which  contain  a  violet  cell-sap)  in 
having  a  smaller  polygonal  outline  in  surface- view  and  tanniniferous  contents. 
They  are  the  cause  of  the  shagreen-like  appearance  of  the  lower  surface  of  the 
leaf,  which  is  noticeable  even  to  the  naked  eye. 

In  amplification  of  the  earlier  statements  on  the  structure  of  the  petiole 
we  may  firstly  mention,  that  in  the  Gentianoideae  it  contains  an  arc  of  wood 
and  bast  showing  bicoUateral  structure,  two  small  lateral  bundles  bcdng  occa- 
sionally cut  off  from  the  ends  of  this  arc.  Among  the  Menyanthoideae  the 
vascular  system  of  the  petiole  consists  of  a  more  or  less  open  arc  of  isolated 
vascular  bundles  supported  by  fibrous  cells  in  Menyanthes  and  Nepkrophyl- 
lidiuniy  while  in  the  species  of  Limnanihemum  belonging  to  the  section  Nym- 
phaeanihe  the  bundles  show  a  scattered  arrangement  like  that  in  the  stem  of 
a  Monocotyledon,  and  in  Villarsia  lastosperma^  F.  v.  M.  the  bundles  are  isolated 
and  arranged  in  two  concentric  arcs  with  their  xylem-groups  directed  upwards. 

With  reference  to  the  distribution  of  bicoUateral  vascular  bundles  in  the 
Gentianoideae  we  may  note  that  Figdor  and  Perrot  have  recently  demon- 
strated the  occurrence  of  intraxylary  phloem  also  in  those  genera,  which  were 
not  investigated  by  Gilg  (viz.  Cotylanthera^  VoyrieUa  and  LagenanOius) ;  more- 
over the  previous  mention  of  '  Voyria '  as  an  exception  (see  footnote  i  on  p.  548) 
may  be  cancelled,  since  according  to  Gilg  the  species  of  Voyria  having  con- 
centric vascular  bundles  in  their  axes  (referred  to  on  p.  550)  belong  to  the 
genus  Leiphaimos.  But  even  these  sp^es  of  Leiphaimos,  in  which  the  vas- 
cular bundles  are  concentric  with  central  xylem,  as  well  as  Ldphaitnos  para- 
sitica^  Cham,  et  Schlecht.,  in  which  the  bundles  have  strands  of  phloem  only 
on  their  inner  side,  do  not  constitute  real  exceptions  to  the  rule ;  for  we  must 
bear  in  mind  that  the  concentric  vascular  bundles  can  easilv  be  derived  from 
bicoUateral  ones,  such  a  derivation  being  justified  from  the  biological  point  of 
view,  while  the  case  of  Leiphaimos  parasitica  finds  a  certain  amount  of  analogy 
in  the  reduction  of  the  outer  soft  oast,  occurring  also  in  other  Gentianoideae 
with  a  bicoUateral  vascular  sjrstem,  although  the  reduction  in  these  cases  is 
not  so  far-going.  Groups  of  soft  bast  situated  at  a  greater  depth  in  the  body 
of  the  pith  are  found  in  Cotylanthera  tenuis,  Bl.,  Erythraea  Centauriumy  Pers., 
Gentiana  cruciata,  L.  and  other  species  of  the  section  Aptera,  G.  excisa,  Presl, 
Obolaria  virginicaj  L.  and  in  species  of  Bartonia,  In  certain  species  of  Gentiana^ 
moreover,  some  of  the  phloem-strands  situated  at  the  margin  or  in  the  interior 
of  the  pith  also  include  vessels,  and  thus  become  changed  into  meduUaiy 
vascular  bundles,  as  is  so  frequently  the  case  in  the  Melastomaceae ;  this 
feature  has  been  observed  in  Gentiana  Andrewsii,  Griseb.,  G,  bavarica,  L., 
G.  Burseriy  Lapeyr.,  G.  Delavayi,  Franch.,  G.  gertnanica,  WiUd.,  G.  lutea,  L., 
G.  PneufnonafUke,  L.,  G.  punctata,  L.,  G.  purpurea,  L.,  G.  stylophora,  Qarke. 
Fibrous  cells  are  rarely  {Deianira  nervosa,  Cham,  et  Schlecht.,  Lisianthus 
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nigresceftSf  Cham,  et  Schlecht.)  found  accompanying  the  inner  soft  bast ;  in 
some  cases  the  ^oups  of  intraxylary  soft  bast  appear  to  be  embedded  in  the 
ring  of  wood  owing  to  sclerosis  of  the  neighbourmg  cells  {Exacum  ietfagonum^ 
Roxb.,  Erythraea  Ceniauriumf  Pers.),  or  the  internal  phloem  may  be  supported 
by  a  ring  of  sclerc^ed  medullary  cells,  which  extends  up  to  the  central  Lacuna 
of  the  pith  {Eustoma). 

We  may  next  turn  our  attention  to  the  structure  of  the  wood.  Most  of 
the  Gentianeae  (i.  e.  apart  from  a  few  semi-saprophytic  or  holo-saprophytic 
Gentianoideae  and  the  Menyanthoideae)  have  a  contmuous  ring  of  wood,  the 
inner  part  of  which  is  genendly  (with  the  exception  of  those  species,  in  which 
the  cambium  produces  a  considerable  increment  of  secondary  wood)  rich  in 
vessels,  while  the  outer  part  consists  of  mechanical  fibrous  tissue.  Perrot 
records  uniseriate  medullary  rays  also  in  species  of  RusbyatUkuSy  Senaea  and 
ZonatUhuSy  and  Figdor  mentions  the  occurrence  of  reticulate  perforations  in 
the  vessels  in  Cotylanfhera  tenuisy  Bl.  For  the  structure  of  the  wood  in  the 
saprophytic  species  and  in  the  Menyanthoideae,  see  under  the  discussion  of  the 
vascular  system  in  the  stem  of  these  forms. 

In  those  members  of  the  Order  which  are  provided  with  a  rin^  of  wood 
the  outer  bast  is  reduced  (especially  in  the  parts  of  the  axis  belongmg  to  the 
floral  region)  to  a  few  layers  of  parenchjnnatous  cells,  surrounding  the  small 
groups  of  sieve-tubes.  Tne  latter  occasionally  constitute  the  entire  outer  bast, 
and  m  this  case  appear  to  be  embedded  in  niches  in  the  xylem-rin^,  which 
extends  right  up  to  the  endodermis  (species  of  Chironiuy  CMora^  GemosUmony 
GetUiana,  NeurothecOy  SchuUesiOy  SweerUa).  Among  the  Gentianoideae  such 
small  groups  of  sieve-tubes  with  narrow  lumina  are  absent  only  in  Rusbyanihus^ 
which  has  isolated  sieve-tubes  (Perrot). 

The  primary  cortex  in  the  Gentianoideae  is  more  or  less  lacunar,  and 
occasionally  contains  mucilage ;  in  other  cases  it  is  compressed,  and  consists 
of  a  tissue  resembling  horn-bast.  In  the  Menyanthoideae  large  air-canals 
interrupted  by  transverse  diaphragms,  are  present  both  in  the  stem  and  rhizome. 
The  stems  of  the  Gentianoideae  are  very  commonly  provided  with  four  ribs  or 
wings,  which  are  either  formed  solely  by  two  epidermal  layers  (Sebaea  ovaUiy  R. 
Br.)  or  contain  collench3m[iatous  tissue (5.  albensy  R.Br.,  S.  aiirM,R.Br.).  There 
is  often  a  distinct  endodermis,  provided  with  Caspary's  dots  ;  the  endodermal 
cells  xaxely  {Crawfurdiay  Gentiatuipyrenaicay  L.)show  secondary  radial  walls,  and 
when  present  they  occur  only  in  small  numbers  (i  or  2).  The  pericyde  generally 
consists  of  thin-walled  tissue,  and  often  comprises  only  a  single  layer  of  cells. 
According  to  Perrot  a  small  number  of  fibrous  or  sclerenchymatous  cells  are 
found  in  the  pericyde  in  spedes  of  Chironiay  Deianiray  LagenatUhuSy  Lehmannu 
Mdy  LisiatUkuSy  Prepusa^  PurdieatUkuSy  RusbyanthuSy  Senaea  and  ZonanthuSy 
while  in  some  of  the  saproph3rtic  Gentianoideae  and  certain  Men3ranthoideae 
(see  below)  the  presence  of  strongly  devdoped  bundles  of  fibres  or  of  a  scleren- 
chjnnatous  ring  in  the  pericyde  compensates  for  the  absence  of  mechanical 
tissue  in  the  wood. 

Interxylary  phloem  is  developed  in  the  axis  in  numerous  spedes  of 
Chironiay  in  Crawfurdia  volubUiSy  Gilg  and  C.  japonicay  S.  et  Z.  (here  according 
to  Perrot),  IxatUhus  viscosuSy  Griseb.  and  Orphium  fruUscenSy  E.  Mey.  Islands 
of  soft  bast  are  much  more  widdy  distributed  in  the  wood  of  the  root.  Accord* 
ing  to  Perrot's  investigations  they  are  found  in  spedes  of  Canscoray  Chironiay 
CUora  (C.  peHoliaiay  L.  and  C.  serotinay  Koch),  Cicendia  (C.  pmillay  Griseb.), 
Crawfurdiay  Erythraea  (spedes  of  the  sections  Eueryihraeay  jTrichosfylus  and 
Spicaria)y  Eustomay  Exacunty^  GenUana  (spedes  of  the  sections  Coelanihe  and 
PneumonatUhey  Gentiana  crinitay  Frdl.,  belonging  to  the  section  Crossopetalum\ 
Haleniay  Sabbatia,  SweerUa  (spedes  of  the  sections  Ophelia  and  EusweerUay 
which  have  smaD  tuberous  roots).    The  recent  observations  have  shown  that 
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the  islands  of  interxylary  soft  bast  no  doubt  in  all  cases  arise:  irom  groups  of 
unlignified  tissue,  which  are  produced  internally  by  the  cambiiim  and  in  whidi 
sieve-tubes  are  secondarily  differentiated.  The  isUuids  of  soft'  bast  found 
in  the  wood  of  the  axis  are  invariably  of  small  size  and  are  more  abundant  in 
the  lower  part  of  the  stem  as  a  result  of  its  growth  in  thickness  than  in  the 
upper  part.  In  those  roots  in  which  the  wood  contains  lignified,  mechanical 
tissue  m  addition  to  the  vessels,  the  islands  of  intencylarv  soft  bast  for  the 
most  part  form  slightly  larger  groups,  consisting  of  thin-walled  cells  and  sieve^ 
tubes,  near  the  centre  of  the  root  (e.g.  in  the  species  of  Chhra^  Cicendia^ 
Erytkraea^  Eustoma^  Exacunty  Haleniaj  SabbaHa) ;  more  rarelv  the  phloem-islands 
are  distributed  throughout  the  entire  mass  of  the  wood,  being  in  this  case 
arranged  in  more  or  less  irregular  rings  (Ckironia),  In  those  roots  in  which  the 
body  of  the  wood  is  unlignified  (e.  g.  in  Gentiana  lutea,  Sec)  numerous  small 
islands  of  soft  bast  are  found  irr^ularly  distributed  throughout  its  entire  mass. 
It  may  still  be  noted  that  in  the  roots  of  certain  Gentianoideae  (Z>«»ait«>a, 
Gentiana  campestrisy  L.)  in  which  the  xylem-mass  is  strcmgly  lignified,  groups 
of  tmlignified  tissue,  which  do  not  however  include  any  sieve-tub^,  occasionaUy 
occur  near  the  centre  of  the  wood  ;  these  must  not  be  confounded  with  inter- 
xylary phloem. 

In  the  herbaceous  Gentianoideae  the  pith  as. a  rule  becomes  fistular  when 
the  period  of  flowering  is  over.  Under  these  drcmnstances  the  medullary 
strands  of  mestome  (see  above)  likewise  disappear.  In  SabbaHa  a  complete 
border  of  corky  tissue  develops  at  the  periphery  of  the  central  air-canal. 
Isolated  sclerenchymatous  cells  are  of  rare  occurrence  (Gentiana  PneumonofUhe, 
L.)  in  the  pith,  but  the  periphery  of  the  pith  is  occasionally  sclerosed.  In 
LehmannieUa  acuminata^  Gilg  and  Senaea  coeruUa^  Taub.  the  entire  pith  is 
sclerosed.  The  pith  of  the  Menyanthoideae  is  traversed  by  laiige  air-canals 
like  those  found  in  the  primary  cortex  in  this  group. 

The  follovdng  details  may  be  mentioned  regarding  the  fibrovascular  sjrstem 
of  the  axis  in  Uie  Btenyanthoideae ;  the  latter  shows  anomalous  structure  only 
in  the  species  of  Limnanihemum  belonging  to  the  section  Nymphaeantiu.  As 
a  general  rule  the  vascular  bundles  are  isolated.  In  Nepktopkyllidium  cri^a- 
^miy  Gilg  the  isolated  bundles  found  in  the  axis  of  the  inflorescence  are 
mserted  in  a  ring  of  pericydic  sclerenchyma.  A  transverse  section  through 
the  rhizome  or  the  axis  of  the  inflorescence  in  Menyanthes  trifoHata^  L.  shows 
isolated  vascular  bundles,  which  are  supported  both  on  their  inner  and  outer 
sides  by  strongly  developed  strands  of  fibres.  The  isolated  bundles  in  the 
rhizome  and  axis  of  the  inflorescence  of  ViUarsia  have  arcs  of  bast-fibres  ot 
a  ring  of  sclerenchyma  on  their  outer  side.  In  Limnanthemum  nymphaeoides^ 
Link,  the  only  species  of  the  section  WaldschmidHa,  the  rhizome  contains  an 
almost  complete  ring  of  wood  and  bast  without  sclerenchyma,  while  the  pedunde 
and  the  axis  of  the  shoot  exhibit  a  ring  of  isolated  vascular  bundles  surrounded 
by  a  starch-sheath.  On  the  other  hand,  in  the  species  of  Limnanthemum 
belonging  to  the  section  Nymphaeanthe  the  isolated  vascular  bundles,  as  already 
stated  in  the  earUer  part  of  this  work  (p.  550),  show  an  irregul^  scattered 
arrangement  in  a  transverse  section  through  the  axis,  resembling  that  of  a 
Monocotyledon,  although  the  bundles  are  open.  The  centre  of  the  stem  in 
these  species  is  almost  invariably  occupied  by  a  large  '  double  vascular  bundle,' 
formed  by  two  bundles  with  their  xylem-groups  directed  towards  one  another ; 
this  large  bundle  may  be  said  to  constitute  the  stde,  the  remaining  bundles 
being  r^arded  as  cortical.  The  mode  of  arrangement  of  the  vascular  bundles 
in  the  axis  of  the  species  of  Limnanthemum  belonging  to  the  section  Nym- 
phaeanthe is  doubtless  an  advanced  adaptation  to  life  in  water.  In  the  vascular 
bundles  of  the  Menyanthoideae  a  relatively  large  group  of  unlignified  parai- 
chyma  is  generally  situated  on  the  inner  side  of  the  xjrlem  ;  this  parenchyma 


Digitized  by 


Google 


ABDENDA—CENTIANEAE  997 

does  not  indiul^  any  primary  vessels,  and  may  be  looked  upon  as  being  homo* 
logons  with  the  intdnial  soft  bast.  Schizogenous  intercellular  canals  occa* 
sionally  (Menyantkes  trifoliaia)  arise  in  this  tissue,  and  in  some  cases  this  is 
followed  by  lignifieation  oi  the  walls  of  the  adjoining  cells. 

Cortic^  vascular  bundles  (see  p.  550)  are  found  also  in  the  stem  of 
LimnopUhcmum  nymphaeoides  and  in  the  rluzome  of  Villarsia  exaUaUiy  F.  v.  M. 
In  the  latter  species  the  cortical  bundles  are  inversely  orientated  and  inserted 
in  the  ring  of  pericydic  sclerenchyma,  as  it  were  on  the  back  of  the  normal 
vascular  bundles. 

The  previous  account  (p.  550)  of  the  structure  of  the  stem  in  the  sapro- 
I»h3rtic  Gentianoideaey  aps^  from  the  statement  concerning  the  bicoUateral 
vascular  system  of  Voyria  rosea,  Aubl.  (on  Gilg^s  authority),  dealt  exdusively 
with  the  genus  LeiphaimoSy  since,  according  to  Gilg,  the  species  investigated 
by  Johow  and  formerly  referred  to  Voyria  belong  to  Leiphaimos.  We  will 
now  once  more  siunmarize  the  features  presented  by  the  structure  of  the  axis 
in  the  saprophytic  genera,  taking  the  results  of  recent  work  into  consideration. 
Those  cases  in  which  there  is  no  strengthening  ring  in  the  stem  may  first  be 
considered.  The  vascular  system  then  consists  either  solely  of  four  concentric 
vascular  bimdles  with  a  few  vessels  in  the  middle  and  a  few  peripheral  phloem- 
bundles  {Leipkaimos  azurea,  Gilg,  L.  flavescens,  Gilg  and  L.  tmeUa,  Miq.),  or 
of  an  almost  annular  and  closed  ring  of  vascular  bundles  showing  bicoUateral 
structure  and  not  containing  any  mechanical  tissue  (Cotylanthera  tenuis,  Bl.). 
In  other  cases  a  strengthening  rin^  is  present,  and  here  we  may  likewise  dis- 
tinguish two  modifications,  accordmg  as  the  strengthening  ring  is  developed 
as  a  ring  of  pericyclic  sclerenchyma  or  as  the  xylem-ring  of  the  fibrovascular 
sytem.  A  pericycUc  strengthening  ring  is  found  in  Leipkaimos  aphylla,  Gilg, 
L.  parasitica,  Cham,  et  Schlecht.  and  L.  trinitensis,  Gilg ;  in  two  of  these  species 
(L.  aphylla,  L.  trinitmsis)  six  concentric  vascular  bundles  with  central  xylem  are 
apposed  to  the  inner  side  of  this  ring,  while  in  the  third  species  (L.  parasitica) 
there  are  six  vascular  bundles,  in  which  phloem-groups  are  developed  only  on  the 
side  facing  the  pith,  while  the  xylem-groups  are  embedded  in  the  strengthening 
ring.  On  the  other  hand,  Voyria  coendea,  Aubl.,  VoyrieUa  parviflora,  Miq. 
and  the  semi-saprophytic  species  Obolaria  virginica,  L.,  have  a  bicoUateral 
vascular  system,  the  xylem  of  which  constitutes  the  strengthening  ring.  Voyria 
rosea,  Aubl.,  which  according  to  Gilg  has  four  bicoUateral  vascular  bundles 
'  not  actuaUy  in  connexion  with  one  another,  although  very  close  together,' 
should  probably  be  classed  with  Cotylanthera.  Among  the  species  of  the  semi- 
saprophytic  genus  Bartonia,  B.  lanceolaia,  SmaU  more  or  less  conforms  to  the 
type  of  stem-structure  found  in  Obolaria  virginica ;  in  B.  verna,  Miihl.  neither 
the  wood  nor  the  pericycle  contain  mechanical  tissue,  while  the  bundles  in  the 
higher  intemodes  of  the  stem  show  an  irregular  differentiation,  since  one  finds 
both  collateral  and  bicoUateral  vascular  bundles  as  weU  as  mere  phloem-  or 
xylem-groups  on  the  inner  side  of  the  endodermis  (for  details,  see  Holm,  loc.  cit.). 

In  deahng  with  the  structure  of  the  root  in  the  Gentianeae  an  important 
point  to  notice  is  that  the  radial  vascular  system  in  the  Gentianoideae  consists 
of  two  xylem-  and  two  phloem-groups,  whUe  in  the  Menyanthoideae  the 
number  of  groups  is  larger  (5-9).  In  many  of  the  Gentianoideae  the  structure 
of  the  endodermis  is  very  characteristic.  Its  cells,  which  are  provided  with 
Caspary's  dots  on  their  radial  wdls,  in  the  first  place  grow  strongly  in  the 
tangential  direction  ;  this  is  foUowed  bj^  the  appearance  of  secondary  radial 
divisicm-walls  in  each  ceU  in  numbers,  wmch  vary  from  2  to  20  according  to  the 
species,  and  even  show  variation  within  certain  limits  in  one  and  the  same 
species  ;  tangential  division-walls  are  more  rarely  found  side  by  side  with  the 
radial  onc$.  P^trpt  mentions  the  occurrence  of  radial  divisions  in  the  endo* 
dermal  ceUs  in  species  of  Crawfurdia,  Erythraea,  Exacum,  Gentiana  (species 
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of  the  sections  Codanike,  Pneumonanthe^  Stenogyne^  Frigida,  Aptera^  Isomeria, 
ChondrophyUa,  Tkylacites,  Cychstigma,  Andiada  and  AmareUa)^  PUurogyns 
and  Sebaea^  while  endodennal  cells  with  radial  and  tangential  division-walls 
are  recorded  by  the  same  authority  in  GenHana  iemifwiay  Franch.,  and  by 
Holm  in  Obolaria  virginica^  L.  In  SweerHa  cannata^  F.  v.  M.,  5.  perennis, 
L.  and  other  species  of  Sweertia  belonging  to  the  section  Eusweertia  there  are 
two  endodermal  zones,  in  which  radial  division-walls  are  fomid,  the  two  zones 
being  separated  from  one  another  by  a  few  parenchymatous  layers.  Perrot 
expressly  mentions  the  occurrence  of  undivided  endodermal  cells  in  BdmonHa^ 
CurHOf  Microcala  and  SabhaHa ;  in  Ckironia  some  of  the  endodermal  cells 
have  no  secondary  radial  walls,  while  others  have  a  few.  Cell-divisions,  similar 
to  those  observed  in  the  endodermis,  occasionally  {GetUiana  ciliata  according 
to  Vuillemin)  occur  also  in  the  outermost  ccdl-layer  of  the  primary  cortex. 
In  the  Menyanthoideae  only  simple  endodermal  celk  are  found.  Development 
of  cork  in  the  root  has  been  observed  only  in  GenUana  luUa,  G.  purpurea,  &c^ 
where  it  takes  place  in  the  pericycle.  In  the  Gentianoideae  the  primary 
cortex  of  the  root  mostly  decays  and  the  part  external  to  the  endodermis 
becomes  detached.  In  those  cases  in  which  the  endodermis  is  thrown  ofE  as 
well  the  cell-layers  of  the  pericycle  become  successively  suberized.  In  Halenia 
elliptica,  Don  the  primary  cortex  of  the  tap-root  contains  sclerosed  cells* 
Bast-fibres  or  other  types  of  sderenchjnnatous  elements  are  sometimes  found 
also  in  the  pericycle  (species  of  Chironia,  Enicosiemma,  Exacum).  The  structure 
of  the  wood  and  the  occurrence  of  islands  of  interxylary  soft  bast  have  ah^eady 
been  discussed  above.  A  pith  is  present  in  the  root  in  the  Menyanthoideae 
and  occasionally  also  in  the  Gentianoideae.  As  regards  the  saprophjrtic  forms 
we  may  add  that  distinct  root-hairs  are  absent  in  Obolaria  and  Bartoma 
according  to  Holm,  and  in  Leiphaimos  according  to  Johow  and  Svedelius, 
whilst  in  CotylatUhera^  according  to  Figdor,  root-hairs  of  a  reduced  type  are 
found.  According  to  Stahl,  moreover,  root-hairs  do  not  appear  to  be  developed 
either  in  the  smaUer  species  of  GetUiana  (e.g.  G.  ascUpiaaea^  G.  ciliata^  G.  cm- 
ciatay  &c.),  whilst  a  mycorrhiza  is  present  not  only  in  the  saprophjrtic  species, 
but  is  widely  distributed  also  among  the  green  Gentianoideae  (species  of  Chlora^ 
Erythraea,  GetUiana). 

Litentnre:  CosUntiD,  Tim  uir.  et  soat,  Ann.  ic  nat,  s^r.  6,  t.  xri,  1885,  p.  130  et  seq. — 
Haberkwdt,  Spaltoffn.  d.  Schwimmpfl.,  Flora,  1887,  p.  103.— Baillon,  in  BulL  Soc  Linn,  de  Paris,  i, 

1888,  p.  756;  see  also  Hist  d.  pL,  x,  1891,  p.  124. — ^Tohow,  Hnmnspfl.,  in  Pringshfim  Tahrb.,  zz, 

1889,  p.  475  et  seq.— Solereder,  Loganiaceae,  in  Natiirt  Pflanzenfam.,  iv.  Teil,  AM.  a,  iSpa,  p.  37^ 
footnote. — ^Boeigesen,  Arkt.  pL  blaidbmi.,  Bot.  Tidsskrift,  xix,  1895,  p.  219  et  seq. — A.  Me]Fer, 
Stiirkekorner,  1^5,  p.  80. — Kusnezow,  GenHana^  in  NatUrl.  Pflanzenfun.,  it.  Teil,  Abt.  2,  1895,  p.  81 
et  seq.— Figdor,  Cctylanthera,  Ann.  Jardin  bot.  Bnitensoig,  xiv,  1897,  pp.  213-40,  espedaUy  p.  sa2 
et  seq.  and  Tab.  xvi. — Hokn,  Obolaria,  Ann.  of  Bot.,  zi,  1897,  pp.  309>83  and  pi.  six;  see  also 
Proceed.  Americ.  Assoc,  xliv,  Salem,  1896,  p.  189. — Perrot,  Tissn  extralibdrien,  etc.,  Comples 
lendos,  Paris,  1897,  p.  1 115  et  seq. ;  and  Tissn  condnctenr  soraam.,  Jonm.  de  bot,  1897,  p.  374  et  seq. 
— Schnbert,  Parenchyinscheiden,  Bot  Centralbl.,  1897,  iv,  pp.  19,  20. — WoUenweber,  Anat  der 
Schwinunbl.,  Diss.,  Frdbnig  i.  Br.,  1897,  pp.  I9>20. — Perrot,  Anat  comp.  des  Gentian.,  Ann.  sc 
nat.,  s^.  8,  t.  vii,  1898,  pp.  105-292  and  pL  i-ix ;  also  Thte,  Paris ;  see  also  Assoc  firao9.  Nantes, 
1898.— Lebering,  Interxvlares  Leptom,  Diss.,  Berlin,  1899,  pp.  33-5.— ^Stahl,  Sinn  der  Mykonbisen- 
bild..  in  PringsEeim  Janrb.,  xxxiv,  1900,  p.  586  et  seq.—Vlanditz,  Blattanat  canar.  Gew.,  Diss., 
Basel,  1902,  pp.  42,  43  (/xtfff/>^Mr).— Sv^elins,  Saprophyt.  Gentian.,  Bih.  Svenska  Vet-Akad. 
Handlingar,  xxviii,  Afd.  iu,  n.  4,  1902,  16  pp. — Vnillemin,  Bois  interm^,  Comptes  rendns,  Paris, 
cxxxT,  Z902,  pp.  1367-9;  id.,  Gentiana  ciliata,  BnU.  Soc  bot.  de  France,  1902,  pp.  274-80,  and 
Boll.  Soc  Sc  oe  Nancy,  iii,  1902,  pp.  158-74  and  pU— [Porsch,  SpaltOffnungfapp.  snbmeis.  Pflan-^ 
zenteile,  Sitz.  Ber.  Wiener  Akad.,cxii,  Abt  i,  1903,  p.  124  {Menyanlkes)J\—^hoai,  Chirmna,  Beth, 
z.  bot  Centralbl.,  xiv,  1903,  pp.  183, 184.— Schonte,  Stelartheorie,  1903,  p.  125. — [Aug.  Vogl,  Kalk- 
oxalat  bei  Gentian.,  Zeitschr.  Osterreich.  Apothekerver.  Wien,  1903,  n.  o  and  7 ;  abstr.  in  Bot  Cen- 
tralbl., xdi,  p.  432.J— Col,  Faisoeanx,  Ann.  sc  nat,  s^r.  8,  t.  xx,  1904,  pp.  188-92,  etc — Susscngntli, 
Behaarangsrerb.,  etc,  Diss.,  WOrzbiiig,  1004,  p.  44.— Theorin,  Faxttricnom.,  ArkiT  lor  Bot.,  iii,  n.  5, 
1904,  p.  27.— Giirtler,  Interzellulare  Haarbild.,  Diss.,  Berlin,  1905,  pp.  30-40.— PorsdL,Spalt&i&iiuigs- 
typas,  Jena,  1905,  pp.  80-3. — Holm,  Bartmia,  Ann.  of  Bot.,  xx,  1906,  pp.  441-8  aira  pi.  xxdii^ 
xudv.— [Pilger,  in  Natiirl.  Pflanzenfkm.,  Erg.-Heft  ii,  15^,  p.  292.] 
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POLEMONIACEAE  (pp.  550-552). 

The  paragraph  dealing  with  the  essential  anatomical  features  of  the 
Polemoniaceae  requires  the  following  additions  or  alterations.  Oxalate  of 
lime,  though  not  abundant,  does  occur  in  the  Polemoniaceae,  being  found  for 
the  most  part  in  the  form  of  small  adcular,  prismatic,  or  otherwise  shaped 
crystals  (species  of  Banplandia^  CoUomia^  Gtlia) ;  typical  small  clustered 
crystals  have  also  been  observed  in  Banplandia.  True  cystoUths  are  absent, 
the  statements  in  the  literature  referring  to  their  occurrence  being  incorrect. 
On  the  other  hand,  cystolith-like  protuberances  are  found  in  the  cells  of  the 
epidermis  and  of  the  hairs.  The  complete  absence  of  gelatinized  epidermal 
cells  in  the  leaf  is  remarkable  in  view  of  the  xeroptulous  character  of  many 
Polemoniaceae.  The  hairy  covering  consists  of  unicellular  (these,  however, 
never  constituting  the  only  forms  of  hairs)  and  uniseriate  clothing  hairs,  as  well 
as  of  glandular  hairs.  Specially  noteworthy  forms  of  clothing  hairs  are  as 
follows :  the  uniseriate  trichomes  of  GUia  congesta^  Hook.,  which  are  fused 
in  pairs  at  the  base ;  the  tmiseriate  hairs  of  certain  species  of  PUox  and  Gt/ia, 
which  show  a  tendency  to  branch ;  the  bicellular  whip-hairs  of  Gilia  densifoUa, 
Benth.,  and  other  species,  which  are  provided  with  a  short  basal  cell  and  a  long 
terminal  cell ;  and  the  urn-shaped  trichomes  of  GUia  pinnatifida,  Nutt. 

The  STRUCTURE  OF  THE  LEAF  has  repeatedly  been  examined  by  Wolfd 
and  especially  by  Hiiller ;  the  subsequent  description  is  based  on  Hiiller's 
statements.  In  those  species  which  have  narrow  leaves  the  epidermal  cells 
are  generally  elongated  in  the  direction  of  the  median  vein  and  occasionally 
appear  almost  prosenchymatous  in  surface-view ;  in  the  species  with  broader 
leaves  the  lateral  walls  of  the  epidermal  cells  are  often  undulated  (occasionally 
showing  angular  bends  and  jagged),  more  rarely  straight.  The  cuticle  is 
smooth  or  fmely  striated,  or  it  may  be  granular  or  verrucose  ;  in  many  species 
of  Collomia^  Gilia  and  PUox  the  part  of  the  outer  wall  lying  on  the  inner 
side  of  the  cuticle  is  stron^y  thicJcened  and  capable  of  swelling,  and  has  a 
gelatinized  appearance.  But  gelatinization  of  the  epidermis  does  not 
occur.  Isolated  epidermal  cells  showing  papillose  differentiation  are  not  im- 
commonly  found  on  the  margin  and  near  the  apex  of  the  leaf,  and  in  some 
cases  a  silicified  protuberance  resembling  a  cjrstolith  is  associated  with  these 
papillae  (species  of  Banplandia^  CoUomia^  Gilia^  Loeselia  and  Phlox).  Papillae 
are  never  differentiated  on  all  or  almost  all  the  epidermal  cells  on  the  surface 
of  the  leaf.  The  stomata  are  found  on  both  sides  of  the  leaf,  especially  in  the 
species  with  narrow  leaves  ;  only  in  a  few  cases  are  they  confined  to  the  lower 
surface.  Special  mention  may  be  made  of  the  arrangement  of  the  stomata  in 
Phlox  Hooaii,  Richards. ;  this  species  has  narrow  leaves  which  are  somewhat 
adpressed  to  the  stem  and  cover  one  another  in  imbricate  fashion,  the  stomata 
which  occur  on  both  surfaces  bdn^  almost  confined  to  the  base  of  the  leaf, 
which  is  protected  by  means  of  hairs.  In  those  species,  which  have  narrow 
leaves,  the  pairs  of  guard-cells  are  arranged  approximately  parallel  to  the 
median  vein  ;  a  really  irregular  arrangement  of  the  stomata  is  altogether  rare 
in  this  Order.  There  are  no  subsidiary  cells,  the  stomata  developing  according 
to  the  Ranunculaceous  type  {Cobaea,  GUia^  PMox^  Polemoniunt).  The  pairs 
of  guard-cells  for  the  most  part  lie  on  a  level  with  the  epidermis,  and  deeply 
sunk  stomata  do  not  occur.  The  mesophyll  is  bifacial  or  centric.  The  spongy 
tissue  only  rarely  (Phlox  amoena,  Sims.)  shows  very  large  intercellular  spaces. 
In  Phlox  longifolia,  Nutt.  and  a  few  species  of  Gilia  (e.g.  G.  Parishii^  Pet.)  an 
aq^ueous  tissue  composed  of  large  cells  devoid  of  chlorophyll  is  found  in  the 
middle  of  the  mesophyll ;  this  tissue  envelops  the  veins  of  the  leaf  and  some- 
times even  surrounds  the  principal  vein.    Hypoderm  occurs  only  at  the 
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margin  of  the  leaf  and  above  the  median  vein  ;  as  a  rule  it  consists  of  fibrous 
cells,  provided  with  strongly  thickened  cellulose-waUs,- which  are  capable  of 
swelling.  The  vasoilar  bundles  of  the  veins  are  commonly  accompanied  by 
sclerenchyma,  which  is  apposed  to  the  xylem-  and  phloem-groups.  In  some 
species  a  group  of  sclerenchymatous  fibres  is  found  also  in  the  xylem  of  the 
larger  veins,  these  fibres  adjoining  the  tracheae  and  being  in  contact  with 
the  soft  bast.  In  this  connexion  we  may  mention  a  few  anomalous  cases 
concerning  the  appearance  of  the  vascular  bundle  of  the  median  vein,  as  seen 
•in  transverse  section  ;  these  anomalies  have  been  demonstrated  in  the  uppner 
two-thirds  of  the  leaf  in  Phlox  Drummondii^  Hook,  and  a  few  species  of  Gilia, 
In  some  cases  the  group  of  sclerenchyma  above  mentioned  enters  into  con- 
nexion with  the  sclerenchymatous  layer  below  the  soft  bast  by  means  of  a 
bridge  of  sclerenchyma,  and  in  this  way  the  strip  of  soft  bast  becomes  divided 
into  two  groups,  as  in  the  vascular  bundles  of  certain  Palms.  In  other  cases 
vascular  bundles  have  been  observed,  consisting  for  the  most  part  of  scleren- 
chyma, a  group  of  annular  and  spiral  tracheae  being  apposed  to  the  upper 
side  of  the  latter,  while  two  to  four  small  phloem-bundles  accompanied  by 
spiral  and  annular  tracheae  are  situated  at  its  sides.  Parench3miatous  sheaths 
consisting  of  large  cells  have  been  observed  in  certain  species  of  all  the  genera 
except  Bonplandia.  In  some  cases  they  are  differentiated  like  an  endodermis 
(cells  suberized  in  Phlox  amoena^  Sims,  and  P.  Drummondii^  Hook.  ;  cells 
thickened  in  the  shape  of  a  horseshoe  in  Gilia  pungens^  Benth.). 

The  following  facts  may  be  mentioned  regarding  the  hairy  covering. 
The  clothing  hairs,  apart  from  the  more  or  less  hair-Uke  papillae  above  dis- 
cussed, include  only  uniseriate  trichomes.  Unicellular  clothing  hairs  have 
not  been  recorded  as  the  only  form  of  trichome  in  any  member  of  the  Order. 
The  uniseriate  hairs  vary  in  length,  being  composed  of  long  or  short  cells ; 
the  following  types  are  found : — short  conical  hairs,  consisting  of  a  smallnumber 
of  cells  and  mostly  placed  obliquely  to  the  surface  with  their  apex  pointing 
towards  the  tip  of  the  leaf  ;  stiff  hairs,  which  are  longer  and  We  either  straight 
or  curved  like  a  sabre  ;  and  woolly  hairs,  bent  in  a  vermicular  manner.  The 
walls  of  the  hairs  vary  in  thickness  ;  they  are  never  calcified,  but  occasionally 
slightly  silicified.  Regarding  the  special  forms  of  clothing  hairs  above  referred 
to  we  may  add  the  folloMring  details.  In  Phlox  maculata^  L.  only  one  or  two 
of  the  3-5  cells  composing  the  trichomes  bear  short  protrusions,  while  in  Gilia 
dianthoidesy  Endl.  each  cdl  of  the  multicellular  trichome  has  such  a  protrusion, 
so  that  hairs  are  formed  which  have  a  kind  of  sympodial  structure.  The 
urn-shaped  trichomes  of  Gilia  pinnatifida,  Nutt.  in  the  simplest  case  consist 
of  two  bluntly  conical  cells  having  a  common  basal  surface,  but  a  cylindrical 
cell  which  is  slightly  narrowed  in  the  middle  of  its  length  is  sometimes  in- 
serted between  the  former  ;  in  the  three-celled  hairs,  moreover,  the  lowest  cell 
is  occasionally  also  cylindrical.  It  remains  to  mention  the  uniseriate  trichomes 
of  Gilia  Larseni,  Gray,  which  are  composed  of  barrel-shaped  cells,  and  the 
uniseriate  hairs  of  G.  floccosa.  Gray,  in  which  the  longitudinal  walls  are  provided 
with  numerous  small  papillose  protrusions.  The  glandular  hairs  show  the 
same  type  of  structure  as  the  clothing  hairs  ;  in  some  cases  (species  of  Gilia) 
transitional  forms  between  the  two  kmds  of  hairs  are  found  at  the  base  of  the 
leaf.  The  variations  in  structure  exhibited  by  the  glandular  hairs  concern 
the  length  of  the  stalk  and  the  number  of  cells  composing  it,  and  especially  the 
nature  of  the  head.  In  some  of  the  hairs  the  head  is  imicellular  and  spherical, 
ellipsoidal  or  clavate  in  shape ;  glandular  hairs  with  heads  of  this  type  are 
the  only  forms  of  external  glands  found  in  Bonplandia,  Canlua  and  Cobaea 
(in  the  last  of  these  genera  they  constitute  the  only  type  of  hair),  but  they 
also  occur  side  by  side  with  glandular  hiirs  having  multicellular  heads  in  the 
remaining  five  genera  of  the  Polemoniaceae.    Glandular  hairs  with  spherical 
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)ieadSy  divided  into  2-8  cells  by  one  or  more  radially  arranged  vertical  walls, 
are  found  in  many  species  of  CoUomiay  Gilia,  Loeselia^  Phlox  and  Polemonium. 
Lastlj^y  in  certain  species  of  CoUomia,  Gilia  and  Phlox  glandular  hairs  are  found 
in  which  the  heads  are  obconical,  or  more  rarely  discoid  or  almost  spherical, 
and  are  divided  in  the  first  place  by  horizontal  walls  into  2-4  tiers,  which 
undergo  further  division  by  vertical  walls. 

Oxalate  of  lime  is  found  in  certain  species  of  CoUomia  and  Gilia  in  the 
form  of  the  small  oystaUine  bodies  above  mentioned,  the  latter  occurring  in 
the  mesophyll  and  occasionally  in  the  epidermis  and  trichomes  as  weU.  In 
GUia  (Uractyloidesy  Steud.  these  small  crystals  are  united  to  form  structures 
resembling  clustered  crystals.  Distinct  clustered  crystals  of  small  size  occur 
in  Bonflandia  geminiflora^  Cav.,  lying  singly  in  each  cell  of  the  palisade  tissue ; 
in  addition  to  them  the  small  crystals  are  ukewise  present  in  the  mesophyll  of 
Bonplandia,  Greenish  and  Morelle's  statement  to  the  effect  that  t^ncal 
calcified  cystoUths  occur  in  '  Phlox  Carolina '  is  incorrect  according  to  Holm, 
Hiiller  and  Stockberger ;  the  material,  which  Greenish  and  MordUe  used  in 
their  investigations  under  the  name  of  *  Phlox  Carolina^*  does  not  belong  to 
a  member  of  the  Polemoniaceae,  but  to  one  of  the  Acanthaceae  (according  to 
Holm,  Rudlia  cUiosa,  Pursh). 

For  the  structure  of  the  stem,  see  also  the  detailed  statements  by 
Wolfel,  loc.  cit.  According  to  Wolfd  the  vessels  have  a  small  number  of 
scalariform  perforations  (with  i-io  bars)  side  by  side  with  the  simple  per* 
forations  also  in  Polemonium  and  Gilia. 

Literature :  Wolfel,  Vergl.  Anat.  d.  Polemon.,  Diss.,  Heidelberg,  i^i,  62  pp.,  2  Tab.— Theorio, 
Vaxttrichom.,  Arkiv  lor  Bot,  i,  1903,  p«  159.— -Col,  Faisoeaux,  Ann.  sc.  nat.,  s^r.  8,  t.  xx,  1904, 

?.  113.— Morelle,  Histol.  comp.  des  Gels^mi^ et  Spigeli^  Th^  Paris,  190^  pp.  144-7 ;  alsoln 
errot,  Travaux,  ii,  1905.— [Stockberger,  in  Proceed.  Americ  phaim.  Assoc,  liii,  IQ05,  p.  324.] — 
Holm,  Root-structure  of  Spigelia  marilandica.  Phlox  ovatay  etc,  Americ  Tonm.  of  pharm.,  1906, 
p.  553  et  seq. ;  and  Internal  stmctnreof  tlie  stem  and  XttioiRueiHa  ciliosa^  Phlox  cvaia^  etc,  loc  dt, 
1907,  p.  51  et  sea.— Hiiller,  Bdtr.  z.  veigl.  Anat.  d.  Polemoo.,  Diss.,  Erlangen,  1907,  75  pp.,  i  Tab., 
sep.  copy  from  BeilL  z.  bot.  CentralbL— Brand,  Polemoniaceae,  in  Pflanzenreidi,  Heft  27, 1907,  pp.  3, 4. 


HYDROPHYLLACEAE  (pp.  552-554). 

Literature :  [Ritter,  Eriodictyon  gluHnosum,  Americ  Joom.  Pharm.,  1895,  p.  565  et  m^*]-^ 
Minden,  Waasersex.  Oig.,  Bibl.  bot.  Heft  46,  1899,  pp.  36  and  38.— Theorin,  Vaxttrichom.,  Arkivfor 
Bot.,  iii,  n.  5,  1904,  p.  26,  and  iv,  n.  18,  1905,  pp.  16,  17. 


BORAGINEAE  (pp.  554-561). 

2.  Structure  of  the  leaf.  Epidermal  cells  which  have  jagged  lateral 
walls  with  folds  compressed  like  ridges  in  the  angles,  are  found  on  the  lower 
surface  of  the  leaf  in  Lithospermum  purpureo-coeruleum  zndPulmonaria  (Jodin). 

For  the  hairy  covering  see  also  Revedin's  detailed  statements  (loc.  cit.)» 
which  refer  to  species  of  Alkanna^  Amsinckia,  Anchusa,  Asperugo^  Caccinia, 
Echinospermum^  Echium^  HeUotropium^  Lithospermum^  Lycopsis^  Myosotis^ 
Nonnea^  Omphalodes,  Onosma^  Onosmodium^  Pultnonaria,  Solenanthus,  Sym- 
phylum^  Tournefortia^  Trachystemon  and  Trichodesma. 

To  the  special  description  of  the  trichomes  we  may  add  that  bracket-hairs 
occur  side  by  side  with  other  forms  of  trichomes  also  in  Anchusa  officinalis^  L.»  and 
that  almost  spherical  cystolith-hairs,  provided  with  a  short  pointed  filiform  process, 
accompany  other  types  in  Symphytum  officinalej  L.  In  the  glandular  hairs  of 
Nonnea  puUa^  DC  which  have  uniseriate  stalks  and  imicellular  heads,  the  lowest 
6f  the  four  or  five  cells  composing  the  stalk  is  very  strongly  developed  and  forms 
a  kind  of  pedestal.    The  &talk  of  the  glandular  hairs,  found  on  the  calyx  in  Toume- 
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fortia  fruHcosa,  R.  Br.,  likewise  shows  a  special  type  of  differentiation»  two  of  the 
four  component  cells  (viz.  the  lowest  and  the  next  out  one  above  it)  being  distended 
in  a  barrel-shaped  manner  near  their  upper  end,  while  the  other  two  are  developed 
as  short  neck-cells. 

In  the  species  investigated  by  Jodin  the  petiole  may  contain  as  many 
as  twelve  isolated  vascular  bundles  (generally  5-6  or  only  3),  the  number  being 
connected  with  the  difEerentiation  of  a  furrow  of  varying  breadth ;  the  median 
vascular  buncUe  alone  is  strongly  developed  as  an  arc  ol  wood  and  bast. 

3.  Structure  of  the  axis.  For  the  detailed  structure  of  the  stem  in 
the  herbaceous  members  of  the  Order,  see  Jodin.  The  primary  cortex  in 
these  forms  is  loose  and  occasionally  contains  palisade  tissue;  in  Echium 
vidgare  it  includes  strongly  sclerosed  cells.  The  pericyde  is  generally  paren* 
chjnnatous,  and  rardy  {aeliotrofium  curassavicum)  contains  groups  of  fibres. 
The  vascular  bundles  are  either  isolated  or  fused  to  form  a  ring  of  wood  and 
bast.  A  composite  and  continuous  ring  of  sderenchjnna  has  recently  been 
observed  by  Pitard  in  the  pericycle  of  lournefartia  kirsuHssitna. 

Note.  According  to  Jodin  the  root  of  the  herbaceous  Boragineae  generally 
contains  a  diarch  vascular  system,  although  this  does  not  apply  to  the  adventitious 
roots  of  the  rhizome,  which  show  5-^,  sometimes  even  as  many  as  twelve,  radial 
vascular  bundles,  two  bundles  only  bein^;  found  as  an  exception  {Symphytum 
tuberosum).  The  development  of  the  cork  m  the  root  takes  place  in  the  pericjrcle 
{Alkanna^  Borago^  Echium^  Pulmonaria).  Regarding  the  red  coloration  shown  by 
the  roots  of  many  Boragineae,  see  Norton  (in  Missouri  Hot.  Garden  Report,  1898, 
pp.  149-51)  and  other  authorities. 

liteiatiire :  CosUntin,  Tiges  a6r.  et  soat.,  Ann.  sc.  nat,  s^.  6,  t.  xvi,  1883,  p.  154  et  seq. — 
rTognini,  SComi,  Atti  1st.  hot  Pavia,  1894.]— Schubert,  Pu^^chynudieiden,  Bot  C«ntralbL,  1897, 
IV,  p.  ao.— Minden,  Wassenez.  Org.,  Bibl.  bot,  Heft  46,  1899,  p.  23.— Pitard,  Piricyde,  Thte, 
Bordeaux,  1901,  pp.  39,  65  and  iOA.-~-{B9ldaoci,  Sympkj^m  arientale^  Rendiconti  Accad.  Bologna, 
iT,  pp.  74-8 ;  abfttr.  in  Just,  190s,  ii,  p.  aSo.]— Clanditz,  Blattanat  canar.  Gew.,  Diss.,  Basel,  1002, 
lap.  49,  50  {Echium),— '^tetX.oa^  in  Bot  Gazette,  1902,  pp.  150-4  {Amsifukia), — ^Revedin,  PeU  ddle 
Btoragin.,  Nuovo  Giom.  bot  Ital.,  N.  S.,  ix,  190a,  pp.  301-18.— Jodin,  Rech.  anat  snr  les  Boragin., 
Ann.  sc.  nat.,  s6r.  8,  t  xvii,  1903,  pp.  263-346,  pL  5-9  (deals  only  with  the  European  genera,  and  with 


iv,  n.  18,  1905,  p.  aa.— Freidenfeldt,  Anat  Bau  d.  Wurzel,  BlbL  bot.,  Heft  61, 1904,  pp.  68,  69.— 
Siissenguth,  Behaarungsverh.  d.  Wiirzb.  Muschelkalkpfl.,  Diss.,  Wiiizburg,  1904,  p.  45. — [Vidal, 
ErUrichium  nanupi,  Assoc.  fran9.  Cherbourg,  1905,  pp.  472-5.] — [Kimpflin,  Amnit^  des  Boragin. 
et  des  Lamiaodes,  Assoc.  Avanc,  35  Sess.,  Lvon,  1900,  pp.  428-31.] — [Kramer,  Mikr.-phaini.  B^.. 
Diss.,  Wflrzburg,  1907,  p.  a9  {Pu/monaria),\ 


CONVOLVULACEAE   (pp.  562-573). 

To  the  discussion  of  the  internal  secretory  system  (see  pp.  565,  566)  we 
may  in  the  first  place  add  that  according  to  a  written  communication  from 
HaJlier  the  axes  in  all  the  higher  Convolvulaceae  (Ipomoeeae,  Argjnreieae, 
and  Merrtmia)  contain  a  white  or  whitish  sap.  The  secretory  organs  found 
in  the  flower  have  been  examined  in  detail  by  Grflot.  According  to  him  the 
floral  organs  likewise  contain  secretory  cells  (isolated  and  in  rows),  as  well  as 
cell-fusions,  the  latter  occurring  in  rdlkia  and  Dichondra.  Grdlot,  like  the 
earlier  observers  (cf .  footnote  3  on  p.  565),  maintains  that  he  has  encountered 
resorption  of  the  transverse  walls  in  the  rows  of  laticiferous  sacs. 

As  r^ards  the  glandular  hairs  (see  pp.  568,  569)  reference  may  be  made 
to  the  large  external  glands,  which  are  situated  on  the  lower  side  of  the  leaf 
in  Stictocardia  tUiaefohay  Hallier,  and  are  provided  with  a  head  showing  vertical 
division,  and  to  the  pore-Uke  perforation  of  the  cuticle  observed  in  the  ordinary 
peltate  glands  of  Operculina  lurpethum,  Peter  (SyedeUus). 
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Appendix:  i.  Cuscuteae  (p.  573). 

Our  knowledge  of  the  anatomy  of  the  Cuscuteae  has  been  quite  materially 
improved  by  recent  investigations  undertaken  by  Comu  and  especially  by 
Mirande^. 

The  secretory  organs  of  the  Cuscuteae  consist  of  secretory  cells,  which 
may  be  distinguished  as  cortical  (situated  in  the  primary  cortex),  pericycUc 
and  medullary  according  to  their  point  of  occurrence  in  the  stem.  Cortical 
and  pericydic  secretory  cells  are  found  in  all  the  species  of  Cuscuta,  and  con- 
stitute two  characteristic  zones  in  the  thin  stems  of  these  forms,  while  medullary 
secretory  cells  have  been  observed  only  in  Cuscuta  americana ;  the  latter 
show  the  same  structure  as  the  elements  situated  in  the  cortex.  In  the  young 
parts  of  the  axis  the  zone  of  cortical  secretory  cells  Ues  in  the  peripheral  portion 
of  the  primary  cortex.  In  the  older  parts  of  the  axis  these  elements  are  more 
or  less  separated  both  from  one  another  and  from  the  epidermis  as  a  result 
of  the  cell-divisions  which  have  taken  place  in  the  primary  cortex.  In  the 
young  parts  of  the  axis  the  cortical  secretory  cells  are  moderately  elongated, 
and  form  vertical  rows  of  cells,  which  can  be  distinguished  from  the  neighbour- 
ing cells  even  by  their  size ;  in  the  Monostyleae  (Subgenus  MonogyneUa^ 
Engelm.)  their  nucleus  occupies  a  j)eripheral  position,  whole  in  the  Distyleae 
(Subgenus  Grammica  and  Cuscuta)  it  hes  in  the  centre  of  the  cell.  In  later 
stages  the  cells  often  elongate  very  considerably.  The  neighbouring  short 
cells  of  the  cortex  then  frequently  exert  a  pressure  on  the  longitudinal  walls 
of  the  secretory  sacs,  so  that  dents  are  produced,  which  in  the  case  of  secretory 
sacs  isolated  by  maceration  appear  as  a  system  of  facets,  corresponding  to  the 
cellular  network  of  the  adjoinmg  cortical  cells.  Except  for  this  the  wafl  of  the 
secretory  sacs  is  either  smooth  or  finely  pimctate.  The  pressure  exerted  by 
the  turgescent  cortical  cells  also  commonly  leads  to  the  almost  complete  com- 
pression of  the  cortical  secretory  cells  in  the  older  parts  of  the  axis,  so  that 
they  easily  escape  observation.  The  zone  of  pericycUc  secretory  cells  is  like- 
wise typically  developed  only  in  the  young  stems,  but  for  them  it  is  highly 
characteristic,  the  cells  being  readily  recognized  owing  to  their  wide  lumina. 
The  pericycUc  secretory  cells  also  become  separated  from  one  another  in  later 
stages  ;  their  lumina  then  occasionaUy  become  narrowed  as  a  result  of  inter- 
calary growth,  or  the  cells  may  acquire  very  thick  walls  and  come  to  resemble 
fibres ;  in  other  cases  they  retain  their  thin  walls,  but  lose  their  rounded 
outline  in  transverse  section  and  look  like  star-shaped  intercellular  spaces.  This 
accounts  for  the  fact  that  the  earUer  observers  failed  to  place  a  correct  inter- 
pretation on  the  pericycUc  secretory  cells.  In  the  Monostyleae  the  membranes 
of  the  pericycUc  secretory  cells  become  more  or  less  Ugnified,  while  in  the 
Homostyleae  (Subgenus  Cuscuta)  they  generaUy  continue  to  consist  of  ceUulose; 
in  the  Heterostyleae  (Subgenus  Grammica)  the  membranes  ultimately  become 
thick,  cartilaginous  and  refractive,  and  acquire  the  property  of  swelling  up 
in  the  presence  of  water,  the  cells  at  the  same  time  assuming  a  fibre-like 
appearance.  In  the  last  stage  the  pericycUc  secretory  cells  constitute  long 
tubes,  the  length  of  which  in  the  Monostyleae  and  Homostyleae  occasionaUy 
equals  that  of  five  intemodes,  although  shorter  in  the  Heterostyleae.    Neither 


^  Minnde*s  investigations  deal  with  the  foUowing  species :  I.  Monostyleae:  Cuscuta  cas^thoides^ 
C,  exaUata^  C.japomca,  C.  Lekmanmana,  C.  lupuliformis,  C.  mcmgyna,  C,  reflexa,  C,  tim^rensts, 
IL  Distyleae :  a.  Homostyleae :  C.  abyssinica^  C.  africana,  C.  arabica,  C,  dafyimica,  C.  bretris^k^ 
C.  capitata^  C,  Epilmum,  C.  Epitkynmm^  C.  europaea^  C,  nitida,  C.  pdUiistina^  C.  parvifiarOj 
belonging  to  the  type  of  C.  emvpaea ;  b.  Heterostyleae :  C.  decora,  C,  Gronovii,  C.  infUxa,  bdonging 
to  the  type  of  C.  Gronatm ;  C  caimmicat  C.  chilenm^  C,  chinensis,  C,  corymbosa^  C.  cuspidata,  C. 
florihunda^  C,  giomerata,  C.  Ayaitna,  C.  jalapensis,  C,  odarata,  C,  rostraia,  C.  sandwUkiana^  C. 
tenuijlora,  C,  umbellata,  belon^ng  to  the  type  of  C,  chinensis ;  C.  americanay  forming  a  special  type 
of  its  own. 


Digitized  by 


Google 


jt)04  ADt)£NDA—CONVOLi^LACEAE 

branching  nor  anastomosis  has  been  observed  in  the  secretory  cells.  A  very 
noteworthy  feature  lies  in  the  fact  that  the  pericyclic  secretory  cells  contain 
several  eUipsoidal  or  fusiform  nuclei  in  place  of  a  single  one.  The  chemical 
nature  and  surface-markings  (punctation  or  striation)  of  the  wall  are  subject 
to  variation,  occasionally  even  in  one  and  the  same  cell.  Of  the  secretory 
cells  ocduring  in  the  stem  as  a  rule  only  the  cortical  elements  can  be  traced 
into  the  scaly  leaves.  In  the  latter,  and  especially  in  the  lower  part  of  the 
scale-leaf,  they  frequently  form  a  complete  nypodermal  layer  of  rather  short 
cells  with  wide  lumina  above  the  lower  epidermis ;  in  the  upper  part  of  the 
leaf  the  secretory  cells  decrease  in  number  and  ultimately  occur  only  as  isolated 
elements.  The  protoplasmic  contents  of  the  secretory  cells  soon  disappear, 
the  mature  elements  chiefly  containing  oily  substances,  tannins  and  resins. 

An  important  sjrstematic  feature  concerning  the  differentiation  of  the 
flbrovascular  system  of  the  stem  is  that  in  the  Monostyleae  (the  stem  being  in 
that  stage  of  development  in  which  the  vascular  bundles  are  fully  differentiated, 
but  have  not  yet  begun  to  grow  in  thickness)  the  xylem-groups  of  the  vascular 
bundles,  which  show  an  annular  arrangement,  are  united  to  form  a  strengthen- 
ing ring  by  means  of  groups  of  elongated  sclerenchsonatous  cells  resembling 
fibres,  while  in  the  Distyleae  this  is  not  the  case.  In  the  Distyleae,  moreover, 
the  entire  fibrovascular  system,  and  especially  the  xylem-groups  of  the  bundles, 
show  a  greater  degree  of  reduction  than  in  tne  Monostyleae. 

Among  the  Monostyleae  the  vascular  bundles  are  most  strongly  developed  in 
Cuscuta  japonica,  in  wnich  they  also  show  growth  in  thickness  in  later  stages. 
Even  in  this  species,  however,  strands  of  mestome,  which  are  essentially  of  the  nature 
of  phloem-bundles,  occur  side  by  side  with  the  fully  differentiated  bundles  (i.  e.  those 
containing  both  wood  and  bast)  of  the  vascular  ring ;  these  phloem-bundles  are  either 
apposed  to  the  outer  side  of  the  sclerenchymatous  streuRthening  ring  or  are  embedded 
in  it.  The  xylem-groups  of  some  of  the  vascular  bundles,  moreover,  do  not  extend 
through  the  entire  thickness  of  the  strengthening  ring,  bdng  separated  by  a  bridge 
of  sclerenchyma  from  the  corresponding  bast-group.  The  process  of  secondaiy 
growth  does  not  take  place  uniformly  in  the  vascular  bundles  of  C.  japonica.  This 
results  in  the  bursting  of  the  strengthening  ring,  while  the  vascular  bundles  them- 
selves present  a  varied  appearance  in  transverse  section.  Side  b^r  side  with  the 
normal  bundles  of  wood  and  bast,  in  which  the  secondary  wood  adjoins  the  primary 
wood  in  the  ordinary  way,  one  meets  with  the  following  types :  (a)  bundles  in 
which  groups  of  sclerenchyma  belonging  to  the  original  strengthening  ring  arc 
insertedf  between  the  primary  and  secondary  wood  (these  being  the  bundles,  in  which 
the  xylem-groups  did  not  extend  through  the  entire  strengthening  ring  prior  to 
the  commencement  of  secondary  growth) ;  (6)  bundles  of  wood  and  baist,  which 
contain  no  primary  wood  and  are  derived  from  the  original  phloem-bundles  ;  and 
lastly,  {c)  groups  of  interxylary  phloem,  which  owe  their  development  to  the  cessation 
of  cambial  activity  in  the  median  of  three  vascular  bundles,  lying  next  to  one 
another,  while  the  two  lateral  bundles  undergo  considerable  growth  in  thickness, 
the  new  wood  thus  formed  covering  in  the  pmoem-group  belonging  to  the  median 
bundle. 

In  the  remaining  Monostyleae  the  vascular  system  is  more  or  less  reduced, 
as  evidenced  not  only  in  the  absence  of  growth  in  thickness,  but  also  in  the  smaller 
number  of  bundles  of  wood  and  host  or  of  phloem  and  the  smaller  number  of  tracheae 
in  the  xylem-groups.  In  the  Distyleae  reduction  has  gone  even  further  than  in  the 
Monostyleae. 

The  pericycle  in  the  Monostyleae  besides  containing  secretory  sacs  also 
includes  groups  of  bast-fibres.    The  sieve-tubes,  which  are  often  developed. in 
large  numbers  and  frequently  have  wide  lumina,  have  horizontal  or  oblique . 
sieve-plates  with  one  or  more  sieve-areas ;    their  longitudinal  walls  show 
manifdd  types  of  structure,  but  bear  sieve-areas  only  in  the  Monostyleae. 

.The  structure  of  the  pitii  varies  in  the  monostylic  species.  In  CusaUa 
cassyihoideSy  C.  Lehmannianay  C.  monogyna  and  C.  timorensis  it  is  sclerosed 
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except  for  small  idands  of  tbin-walled  tissue  in  the  neighbourhood  of  the 
primary  xylem-groups,  while  in  the  remaining  species  the  wjdls  of  the  medullary 
ceUs  consist  of  cellulose. 

According  to  Mirande  the  nature  of  the  intercellular  system  of  the  stem 
is  likewise  a  feature  of  systematic  importance.  The  Monostyleae  and  Homo- 
styleae  have  small  lacunae,  occurring  especially  in  the  primary  cortex ;  in 
both  cases  these  lacunae  are  enveloped  by  parts  of  the  walls  of  the  adjoining 
cells,  these  portions  of  the  wall  being  suberized  in  the  Monostyleae  and  cuti- 
nized  in  the  Homostyleae.  In  the  Heterostyleae  of  the  type  of  C.  chinensis 
and  C.  americana  the  primary  cortex  and  bast  contain  canals  and  cavities, 
having  cutinized  walls.  Very  conmionly,  moreover,  lacunae  may  also  be 
observed  on  the  inner  side  of  the  vascular  bundles,  these  cavities  arising  by 
abortion  of  the  primary  vessels,  in  the  same  way  as  in  many  Monocotyledons 
and  Dicotyledonous  aquatics. 

Finally,  according  to  Mirande,  the  axes  of  the  Cuscuteae  are  characterized 
also  by  the  presence  of  a  pecuhar  sheath  of  cells  (*galne  nourricifere')  having 
abundant  protoplasnuc  contents  and  developed  as  a  complete  envelope  to  the 
individual  vascular  bundles ;  this  sheath  is  most  typically  differentiated  in 
the  Monostyleae. 

The  structure  of  the  scale-leaves,  which  are  devoid  of  chlorophyll,  may 
first  be  described  in  Cusctda  japonica,  where  they  are  most  strongly  developedf. 
A  transverse  section  through  the  base  of  the  leaf  in  this  species  as  a  rule  shows 
a  lower  epidermis  composed  of  large  cells  and  an  upper  epidermis  in  which 
the  cells  are  smaller  ;  above  the  lower  epidermis  an  ahnost  continuous  layer  of 
secretory  cells  is  situated,  while  the  vascular  bundles  are  embedded  in  a  homo- 
geneous mesophyll  consisting  of  rounded  cells.  The  ceUs  of  the  lower  epidermis 
are  divided  by  numerous  vertical  walls,  only  a  small  number  of  which  occur 
in  the  upper  epidermis.  Only  the  lower  epidermis  contains  stomata,  which 
are  rather  numerous  ;  stomata  are  altogether  not  as  rare  in  the  Cuscuteae — 
even  on  the  different  parts  of  the  stem — ^as  has  hitherto  been  supposed.  As 
we  approach  the  cucullate  apex  of  the  scale-leaf  the  subepidermal  secretory 
sacs  show  a  considerable  decrease  in  number ;  the  main  mass  of  the  apex 
is  constituted  by  a  group  of  small-celled  tissue,  which  occupies  a  central  position 
and  is  formed  by  the  division  of  the  tissue  accompanymfif  the  fibrovascular 
system.  Occasional  leaves,  which  are  particularly  strongly  developed,  even 
have  typical  palisade  tissue  containing  sclereids  on  their  upper  side.  Of  the 
vascular  bundles  entering  the  leaf,  the  median  one  at  first  retains  its  complete 
structure;  in  its  further  course,  however,  its  xylem  soon  disappears,  and 
a  phloem-bundle  remains,  from  which  branches  are  given  off  to  the  group  of 
tissue  situated  in  the  centre  of  the  cucullate  apex  of  the  leaf.  The  two  lateral 
vascular  bundles  lose  their  xylem-groups  on  entering  the  leaf,  while  the 
remaining  lateral  bundles  passing  into  the  leaf  already  leave  the  axis  in  the 
form  of  phloem-bundles.  In  C.  exaUata  the  structure  of  the  leaf  is  similar 
to  that  of  C.  japonica.  In  the  remaining  Monostyleae  and  in  the  Distyleae 
the  structure  of  the  leaf  is  reduced  to  a  varying  extent. 

2.  NoLANEAE  (p.  573). 

According  to  Mirande  alcohol-material  of  Nolana  paradoxa  contains 
sphaerocrystalline  masses,  consisting  of  calcium  malophosphate  and  neutral 
calcium  malate,  of  which  the  former  is  more  abundant. 

Literatnie :  Decaisne,  Struct,  anat  de  la  Cnacnte,  etc.,  Ann.  sc  nat,  s^.  3,  t  v,  18^6,  pp.  247-9* 
— Costantin,  Tiges  a^-.  et  sont.,  Ann.  sc.  nat,  s^.  6,  t  xvi,  1883,  p.  136  et  Mq.—Gardiner,  Petiolar 
glttids  of  the  Ipomoeas,  Proceed.  Cambridge  Phil.  Soc.,'v,  1887,  p.  83.— Lamoanette,  Liber  interne, 
Ann.  9C.  nat.,  ser.  7,  t.  xi,  1890,  pp.  258-60. — [Borzi,  Cristalloidi  nndeari  di  Coftwhm/uSf  Cootribnz. 
1st.  bot.  Palermo,  Fasc.  i,  1894*  P*  65.}^[Tognini,  Stomi,  Atti  Ut.  bot  Pavia,  1894.]— Comn,  Une 
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Cascate  do  Turkcttan,  ii,  BulL  Soc.  bot  de  France,  1896,  pp.  704-90  and  pi.  zr,  zvL — Blennann, 
OlxeUcn,  Diit.»  Bern,  i8<^,  pp.  60^  61. — Mirande,  Malate  neiitre  de  Caldnm,  etc.,  Jonm.  de  hot^ 
1898,  p.  6  et  leq. — Minnde»  Laticiftret  et  tubes  cribl^  des  Catcotet  moooffyntei  Jonra.  de  bot.« 
1898,  pp.  70-80  and  80-00. — Hallier,  BonUfycospemmm^  Jahrb.  Hamburg.  wIk.  Anst.,  xri,  1898,  3. 
B^,  1899,  pp.  59-6a  (demomtratioo  of  B^mbycospcrtnum  as  a  member  of  the  CooTolTiilaceae  and 
as  a  species  of  fpomoea  bdooging  to  the  ae^on  Eriosperwmm^  on  the  basis  of  the  anatomical 
features).— Boergeaen  og  Panlsen,  V^ct.  dansk.-vestind.  Oer,  Bot  Tidiskrilt,  sdi,  1898-9,  pp.  106, 
107  {Evolrmius  nummuiarius,  L.). — Baranetzky,  Faisceaux  faicolL,  Ann.  sc  oat,  sir.  8»  t  xii,  1900, 
p.  294. — Miraode,  Rech.  phys.  et  anat.  snr  ks  Cnscntac^es,  Th^  Paris,  1900,  284  pp.,  16  pL, 
especially  p.  120  et  seq. ;  also  Boll,  sc  de  la  Fiance  et  de  la  Belgiqoe,  zzxr. — Beolaygiie,  Calvstegia 
SoldoMeiia^  Thte,  Mootpellier,  190 1,  pp.  a3-40.^[Gr^ot,  Latiowres  de  U  flenr  des  CoovolTulac^ 
Nancy,  190s,  23  pp. ;  abstr.  in  Bot.  CentralbU  xdi,  p.  83.]— Knothe,  Unbenetzb.  Bliltter,  Diss., 
Heidelbe^,  1902,  p.  8.— [Miiller,  Rhodiieibolz,  Pharm.  Port,  1903,  p.  421  et  seq. ;  abstr.  in  Bot. 
CoitralbL,  zcy,  p.  I07.]--Chrysler,  Strand  plants,  Bot  Gazette,  zzxrii,  1904,  p.  461  et  seq.  {Con- 
volvulus),— Col,  Faisceaux,  Aim.  sc  nat.,  s6r.  8,  t.  xx,  1004,  p.  187. — Frommel,  Plantas  text,  chil,. 

1905,  p.  42. — [Kiroly  Resso,  Cuscuta  suavecUns,  Kii^letUgyi  kdzlem6iyek,  ftidnpest,  yiii^  1905, 
pp.  604-23,  3  tab.  (Hnngarian) ;  abstr.  in  Jnst,  1905,  ii,  p.  45.] — Ponch,  Spaltoffirangrtypas,  Jena, 
ipo^t  pp«  7^9  73.^STeddins,  Postflor.  Wachstom  dier  KelchbL  einiger  Convolvnlac,  Flon,  xcvi, 

1906,  pp.  230-59,  especially  p.  241  et  seq. 

SOLANACEAE  (pp.  575-583). 

1.  Review  OF  THE  Anatomical  Features.  To  the  list  of  special  features 
found  in  certain  members  of  the  Order  we  may  add  the  occurrence  of  :  arm- 
palisade  parenchyma  {Protosckwenkia  and  species  of  Sdwfenkia) ;  peculiar 
thickened  palisade-cells  (species  of  Dyssocmroma^  JuanuUoa  and  Morkea) ; 
cells  of  the  spongy  tissue  with  swollen  areas  on  the  walls  (Mdananthus  guaie- 
tnalensiSf  Solered.) ;  and  tannin-sacs  {Solandra  grandiflora,  Sw.). 

2.  Structure  of  the  Leaf.  Ann-palisade  tissue  is  developed  in  Proto- 
sckwenkia Mandoni^  Solered.,  as  well  as  in  Sckwenkia  brasUiensiSf  Poir.»  5. 
divaricafa^  Benth.,  S.  grandiflora,  Benth.,  S.  Karstenii,  Vatke,  S.  moUissi$na^ 
Nees  et  Mart,  and  5.  patens,  H.  B.  K.  With  reference  to  its  differentiation 
we  may  note  that  the  folds,  which  are  united  to  form  lamellae^  as  a  rule  project 
singly  from  above  and  below  into  the  lumen  of  the  ceU,  and  that  the  two 
compartments  thus  formed  in  the  palisade-cell  communicate  with  one  another 
by  means  of  an  approximately  circular  aperture.  In  Dyssockroma  viridiflora^ 
Miers,  JuannuUoa  aurantiaca.  Otto  et  Dietr.,  J.  membranacea,  Rusby  and 
Markea  coccinea.  Rich,  the  cells  of  the  palisade  tissue  are  distinguished  by  the 
fact  that  their  walls,  and  especially  ttie  longitudinal  ones,  are  strengthened 
by  means  of  thickening  ridges,  which  run  in  a  direction  parallel  to  the  length 
of  the  cell  and  are  occasionally  connected  by  means  of  ^ansverse  ridges.  In 
Trianaea  nobilis,  PL  et  Lind.  and  T.  speciosa,  Solered.  the  mesophyll,  and 
especially  the  spongy  tissue,  includes  sclerosed  cells.  In  Melananikus  guatc- 
nuUensis,  Solered.  the  spongy  tissue  likewise  exhibits  a  peculiar  type  of  struc- 
ture ;  at  certain  points  the  walls  of  the  cells  show  swdlings,  recalling  the 
thickened  parts  of  the  wall  in  collenchjnnatous  tissue  (Solereder). 

In  the  species  of  Datura  (sect.  Brugmansia)  examined  by  Lagerheim  the 
lower  epidermis  of  the  leaf  contains  chlorophyll.  The  stomata  in  the  species 
of  Trianaea  are  distinguished  by  having  pectdiar  coma-shaped  depressions,  which 
are  situated  at  both  ends  of  the  two  guard-cells  and  run  obliaudy  to  the  direc- 
tion of  the  pore,  the  thickened  part  of  the  coma  being  directed  outwards 
(Solereder). 

No  new  types  of  hairs  (see  p.  576)  have  been  recorded.  I  have  observed 
branched  multicellular  hairs  also  in  Anikocercis  albicans,  A.  Cunn.,  A.  littorea^ 
Labill.,  A.  tasmannica.  Hook,  fil.,  Antkotrocke  pannosa,  Endl.,  JuanuUoa 
ntembranacea,  Rusby,  /.  Sargii,  J.  D.  Smith,  Solandra  grandiflora,  Sw.  (here 
side  by  side  with  unbranched  hairs) ;  according  to  Kearny  they  occur  also  in 
Pkysalis  viscosa,  L.  (here  showing  dichotomous  branching).   Combined  clothing 
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and  glandular  hairs  occur  in  Solandra  grandiflora^  the  branched  trichomes  of 
this  species  commonly  bearing  spherical  glandular  cells  at  the  ends  of  their 
branches.  Hairs  of  this  type  are  found  also  in  Nicotiana  Tabacun^  but  in  this 
species  the  glands,  borne  on  the  branched  trichomes,  are  both  imicellular  and 
multicellular.  External  glands  having  a  unicellular  head  have  recently  been 
observed  also  in  species  of  Datura  belonging  to  the  section  Brugmansia  (here 
side  by  side  with  glands  having  multicellular  heads),  in  Isandra  Bankrofiiiy 
F.  V.  M.  and  Protoschwenkia  Mandoni  (here  together  with  glands  having  multi- 
cellular heads) ;  glands  having  a  multicellular  ellipsoidal  head,  divided  by 
horizontal  walls  only  or  both  by  horizontal  and  vertical  wails,  have  been  foimd 
also  in  species  of  Anihotroche  (with  rather  long  stalks),  Protoschwenkia  (with 
stalks  of  varying  length),  and  Dyssockroma^  JuanuUoa,  Markea^  Solandra^ 
Trianaea  (stalks  m  these  cases  short).  The  c^Us  of  the  external  glands  occa- 
sionally (NicoHana  Tabacum)  contain  oxalate  of  lime  in  the  form  of  small 
clustered  crystals. 

For  the  spines  of  Datura  and  Solanum,  in  the  formation  of  which  ground 
tissue  participates,  see  also  Lothelier  and  Mittmann. 

The  tamiin-sacs  above  mentioned  are  stated  to  resemble  those  of  the 
Leguminosae  and  have  been  recorded  by  Pistone  in  the  stem  and  root  of 
Solandra  grandiflora. 

To  the  earlier  statements  regarding  the  occurrence  of  oxalate  of  lime  in 
this  Order  we  may  add  that  typical  crvstal-sand  has  now  been  demonstrated 
also  in  Dyssochroma,  JuanuUoa,  Markea  and  Trianaea,  and  that  in  Proto- 
schwenkia oxalate  of  lune  occurs  only  in  the  axis,  bein^  present  in  the  form 
of  a  crystal-sand  composed  of  fusiform,  prismatic  or  acicmar  crystals  of  varying 
size,  in  Anthotroche  pannosa,  as  well  as  in  other  members  of  the  Order,  the 
typical  crj^tal-sand  includes  relatively  large  tetiahedral  crystals  (Solereder). 

3.  Structure  of  the  Axis.  Recent  observations  have  shown  that  the 
vascular  system  exhibits  bicoUateral  differentiation  also  in  Protoschwenkia 
and  Trianaea  (cf .  footnote  3  on  p.  570). 

Leisering's  recent  investigations  have  likewise  failed  to  completely  elucidate 
the  mode  of  development  of  the  interxylary  phloem  (see  p.  580).  The  latter 
occurs  also  in  the  wood  of  the  root  of  BrowaUia  viscosa,  H.  B.  K.  (Scott  and 
Brebner),  and  in  the  rhizome  of  Atropa  Belladonna  (Beauvisage). 

The  wood-prosenchyma  bears  bordered  pits  in  Protoschwenkia,  and  simple 
pits  in  Trianaea.  In  both  genera  the  perforations  of  the  vessels  are  simple,  and 
the  medullary  rays  of  the  wood  narrow. 

To  the  section  dealing  with  the  structure  of  the  cortex  (p.  581)  we  may 
add  that  the  development  of  the  cork  commences  in  the  epidermis  also  in 
Protoschwenkia. 

Literatme:  Uhlworm,  Entwickluogsgescb.  d.  Trichome,  Bot.  Zdt.,  1873,  p.  801  et  seq. — 
Costantin,  Tiges  a^.  et  sont,  Ann.  sc.  nat.,  Ur.  6,  i.  xvi,  1885,  p.  132  et  aeq. — Kassner,  Mark, 
Diss.,  Basel,  1884,  pp.  a3-5.<— Radlkolier,  Beitr.  z.  afrik.  Flora  (1883),  Abh.  natnrwisB.  Ver.  Bremen, 
Tiii,  1884,  p.  427,  footnote  (refers  to  tlie  interxylary  phloem  of  Atropa  BelladpMMa). — Mittmann, 
Pflanzenstacneln,  Verh.  Ver.  Mark  Brandenburg,  1888,  p.  66.— Beauvisage,  Faisc.  cribl^  dans  le  bois 
sec.  de  la  Belladonne,  Joom.  de  bot.,  1891,  pp.  161-3. — ^Lamomiette,  liber  interne,  Ann.  sc  nat, 
s^r.  7,  t  xi,  1891,  pp.  252-5.— Scott  and  Breboer,  Internal  phloem,  Ann.  of  Bot,  1891,  pp.  265-9.— 
Lothelier,  Epines,  lli^,  Paris,  1893,  p.  35.— Behrens,  TalMkblatt,  Landwirtschaftl.  VersnehssUt., 
xliii,  1894,  p.  271  et  seq. — [Nevinny,  ScopoHa,  Pharm.  Post,  1894,  p.  333  et  seq. ;  abstr.  in  Just,  1894, 
i,  p.  483.]— [Pistone,  Solandra,  Contribnz.  1st  bot  Palermo,  i,  1894.  pp.  119-22;  abstr.  in  Jost, 
1894,  i,  p.  271  et  seq.]— [Tognini,  Stomi,  Atti  1st  bot  Pavia,  i894.V-Tswett,  Anat  de  Lycium^ 
BmL  Herbier  Boissier,  1894,  pp.  1^5-9.— Lagerheim,  Brugmansia,  Fers.,  in  Engler,  Bot.  Tahrb., 
zx,  1895,  pp.  656,  657.— Sabria,  Belladonne,  Th^,  Montpdlier,  1895,  pp.  17-21. — Went,  Haft- n. 
Nahrwurzeln,  Ann.  Tardin  Bnitenzorg,  xii,  1895,  p.  59. — [Johiuon,  sMnum  carolinense^  Americ 
Jonm.  of  Pharm.,  1897,  n.  2 ;  abstr.  in  Tost,  1897,  ii,  p.  52 ;  root  with  anomalous  structure  and 
other  curious  statements  I]--iSchnbert,  Farenchymscheiden,  Bot  CentralbL,  1897,  ^^>  P*  ^i« — 
Solereder,  Zwd  Beitr.  z.  Syst  d.  Solanaoeen,  Ber.  dentsch.  bot  Gesellsch.,  1898,  pp.  242-60.— 
Boergesen  og  Paulsen,  Veget.  dansk-vesthid.  Cer,  Bot  Tidsskrift,  xxii,  1898-9,  pp.  90  and  92 
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(Sokmum^—Uiait^j  Entwiddiuig  d.  Hamre,  Diss^  Berlin,  1899,  p.  3a.— Ldtering,  loterxjliires 
Leptom,  Diss.,  Berlin,  1890,  pp.  30-33.— Minden,  WiMenez.  Org.,  BibL  bot.  Heft  46,  1899,  p.  38 
et  seq. — ^Tswett,  Leptom  der  Sdanac.,  Ber.  dentsdi.  bot  Gesellsdu,  1899,  Genendversammlm^s- 
befty  pp*  (33iM^353* — Baranetzky,  Faisc  bicolL,  Ann.  sc.  nat,  s^.  8,  t  sdi,  1900,  pp.  283-9.— > 
Ke«iny,  in  Cootribnt  U.  S.  Nat  Herb.,  t,  n.  5,  1900,  p.  398.— [Kraemer,  Crystals  of  Datmra 
Stramonium^  Bull  Torrey  Bot  Clnb,  1900,  p.  37 ;  abstr.  in  Juit,  1900,  li,  p.  89.]— Tnnmann, 
Sekretdriisen,  Diss.,  Bern,  1900,  pp.  33-6.— Thomas,  Fcnilles  sout,  These,  Paris,  1900. — [Hartwich, 
VerC  d.  Folia  Belladoonae,  Schweizer.  Wochenschr.  f.  Chemie  n.  Pharm.,  1901,  p.  430 ;  abstr.  in 
Tnst,  looi,  ii,  p.  47.] — Petersen,  Vedanatomi,  1901,  p.  83. — Siim-Jensen,  Hyoscyamus  mger,  BStiL 
bot,  Heft  51,  1901,  90  pp.,  6  Tab.— [Barnes,  PoUto,  Ann.  Report  and  Trans.  North  Staffordshire 
Field  Clnb,  zxzvii,  1902-3,  pp.  96-106.  ]---[Gereniicca,  JuanuUoa  tmrantiacoj  BolL  Soc  Nat 
Napoli,  ser.  i,  xv,  1902,  pp.  61-76  and  tab.  iii-v;  abstr.  in  Bot  Centialbl.,  xdi,  p.  i.]--[Maroelloy 
1st.  di  ale  Soianum^  Cava  dei  Tirreni,  1903,  p.  10,  tab. ;  abstr.  in  Bot  CentralbL,  xdii,  p.  161.] — 
Martel,  Notes  snr  Tanat  des  Solanac,  Jonm.  de  bot,  1903,  pp.  311-14.— Theorin,  Vaxttridioai., 
Arkiv  for  Bot,  i,  1903,  p.  155.— Col,  Faisceanz  Ann.  sc.  nat,  s^.  8,  t  xx,  1904,  p.  ijh*  c^ — 
Paoli,  EterofilUa,  NnoYO  Giom.  bot  ItaL,  N.  S.,  xi,  1904, p.  33a^Vir«k,  Liaisons  dn  d^o&e  med., 
etc,  Institnt  debot  Gen^,  1904,  pp.  64-7a— Theorin,  Vaxttrichom.,  Arkiv  for  Bot,  iii,  n.  5, 1904^ 
p.  13 ;  and  loc.  dt,  iv,  n.  18,  1905,  p.  31. — [Marcello,  Ric  anat  preL  snlla  Cyphcmmdra  hetaceay 
Sendtn.,  Boll.  Soc.  Nat  Napoli,  xix,  1906,  pp.  143-9.]— [For  farther  Uteratnre,  see  p.  1172.] 


SCROPHULARINEAE  (pp.  583-589). 

2.  Structure  of  the  Leaf.  The  peculiar  hydathodes  of  HerpesHs 
Monnieriay  H.  B.  K.,  which  are  described  by  Boergesen  and  Areschoug  and 
consist  of  a  small  conical  cell  situated  above  an  ordinary  epidermal  cell,  require 
further  investigation.  The  same  applies  to  the  stalked  club-shaped  bodies 
resembling  cystoliths,  observed  by  Ward  and  Dale  in  Cfakrostigma  pumilum^ 
Hochst.,  where  they  are  found  attached  to  the  outer  wall  of  the  epidermal  cells. 
Isolated  stomata  are  found  on  the  scale-leaves  in  the  parasitic  form,  Hyobanche 
sanguinea  (Chatin). 

According  to  Heinricher  protein-oystals  are  found  embedded  in  the  nuclei 
in  all  the  organs  of  Laihraea  and  Tozzia ;  in  Lathraea  they  occur  also  in  the 
protoplasm  and  in  the  leucoplasts.  Red  granules  of  a  substance  not  quite 
identical  with  carotin  have  been  demonstrated  in  Cfoterostigma  pumUum; 
they  are  chiefly  found  as  a  lining  to  the  intercellular  spaces  in  the  cortex  of  the 
root,  being  the  cause  of  the  coral-red  coloration  of  the  latter,  but  they  also 
occur  in  the  axis  in  the  same  position  as  in  the  root  and  in  the  lower  half  of 
the  mesophyll  of  the  leaf.  Rothert's  and  Zalenski's  (Bot.  CentralbL,  1899, 
iVy  p.  246)  statement  as  to  the  presence  of  styloids  in  the  pith  and  cortex  of 
Phyllopodiutn  (*  P.  rigidum ')  still  awaits  connrmation. 

Glandular  hairs  of  the  ordinary  tj^  are  present  also  in  Peliostomum 
(Weber). 

3.  Structure  of  the  Axis.  In  Ca^aria  biflora,  L.  Ph.  Wamer  records 
subepidermal  development  of  the  cork,  isolated  groups  of  bast-nbres  in  the 
pericycle,  and  groups  of  stone-cells  in  the  pith.  In  Herfestis  Monnieria  Duval 
mentions  the  occurrence  of  peculiar  mechanical  cells  situated  in  the  lacunar 
tissue  of  the  primary  cortex;  these  elements  are  parenchymatous  in  shape 
and  are  provided  with  ridge-like  thickenings.  According  to  Weber  the  i)eri- 
cycle  contains  isolated  bundles  of  fibres  or  a  more  or  less  interrupted  ring  of 
fibres  in  Aptosimum  and  Peliostomumy  while  in  some  of  the  species  of  Peliosio- 
mum  (P.  origanoideSy  E.  Mey.,  P.  virgatum,  E.  Mey.,  P.  viscosum,  E.  Mey.)  sub- 
epidermal groups  of  fibres  are  found  in  the  tips  of  the  branches,  although  not 
of  constant  occurrence  even  in  one  and  the  same  species. 

literature :  Costantin,  Tiget  a^r.  et  sout,  Ann.  sc.  nat.,  s^.  6,  t  xvi,  1883,  p.  135  et  set}.— 
Coatantin,  Tiges  cU  pl*  aqnat,  Ann.  sc  nat,  wir,  6,  t  xix,  1884,  p.  a87  et  seq.  and  pL  xvi,  xvii. — 
Scherffel,  in  fiot.  Zlsit,,  1890,  p.  417  et  seq.— Stock,  Proteinkrystalle,  in  Cohn,  Bdtr.,  vi,  185^3, 
p.  ai5  et  seq. — [Breithanpt,  Struct  of  Leftandra,  Phaxm.  Jonxa.,  box,  1897,  n.  5  (Vinvmca 
virgtmcoj  L.) ;  abstr.  in  Jiwt,  1897,  ii,  p.  54.J— Sdinbert,  Parencfaymscheiden,  Bot  CentralU.,  1897, 
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iv,  p.  6a.'^Ph.  Waener,  Neoere  Drogen,  Diss.,  ErUngen,  1897,  pp.  35-47  {Capraria  biflcra),^^ 
y^tmroyrnkjf  Scheitelbffo.  bei  Wasserpl.,  Diss.,  Berlin,  1898,  p.  33  (Veronica  Anagaliis), — Hinch, 
Eotwickl.  d.  Haare,  Diss.,  Berlin,  1899,  p.  38. — LaTadouz,  Apporeil  pilif^re  des  Verbascees,  Jonm. 
de  Bot  1899,  pp.  ai6-i8.— Minden,  Waasenez.  Org.,  BibL  hot,  Heft  46, 1899,  p.  36.— Ward  and 
Dale,  CrtUerosttgma  pumilum.  Transact  Linn.  Soc.,  v,  1899,  pp.  343-55  and  pi.  xudv,  xxzv. — 
Heinricher,  EiweisskryBtalle  htiLaihraea,  in  Pringsheim  Jahrb.,  xxxv,  1900,  pp.  28-46. — Keamy,  in 
Contribnt.  U.  S.  Nat.  Herb.,  ▼,  n.  5,  1900,  p.  305  {HerpesHs  Motmieria). — Hiomas,  Fenilles  sont., 
Th^,  Paris,  1900. — Heinricher,  Anat.  d.  Totzia^  in  Pxingsheim  Jahrb.,  zxxti,  iqoi,  pp.  713-27. — 
Pitard,  P^cycle,  Th^,  Bordeaux,  1901,  p.  89. — Areschong,  Mangrovepfl.,  ^bl.  oot.  Heft  56, 
190a,  pp.  78,  79,  Tab.  viii.— Sperlich,  Inhaltsst.  in  den  Sangorg.  d.  gr.  Rhinanthac,  Bdh.  z.  bot. 
Centnubl.,  xi,  190a,  p.  437  et  scq. — [Armari,  Piante  della  reg.  medit.,  Ann.  di  Bot.,  i,  1903,  p.  17  et 
seq.  (Z/iMr^).]--Theorin,  Vaxttrichom.,  Arkiv  for  Bot,  i,  1903,  p.  155. — Col,  Faisceanx,  Ann.  sc. 
nat,  s^.  8,  t  XX,  1904,  p.  iii.— Frddenfeldt,  Anat  Ban  d.  Wurzel,  Bibl.  bot,  Heft  61,  1904, 
pp.  71-3.— -Siissengnth,  Behaanmesrerh.  d.  Wiirzb.  Moschelkalkpfl.,  Diss.,  Wiirzbnig,  1904,  pp.  45, 
40. — ^Theorin,  Vaxttrichom.,  Arkiy  for  Bot,  iii,  n.  5,  1904,  pp.  16  and  38. — Dagidllon,  Linaria 
striato-vulgaris,  Rerue  g^.  de  bot,  1905,  pp.  508-18. — Porsch,  Spaltdflbongsappiirat,  Jena,  1005, 
pp.  65-8. — Weberbauer,  Veget  d,  Hochanden  Penis,  in  Engler,  Bot.  Jahrb.,  xxxvii,  1905,  p.  w>  et 
seq. — Duval,  Jaborandis,  in  Perrot,  Travanx,  iii,  1906,  pp.  90-4  (Jlerpestis). — [Bohny,  Digitalis- 
Blatt,  Diss.,  Z6rich,  1906.] — ^Picdoli,  Legnami,  Boll.  Siena,  1906,  p.  176. — £.  Weber,  Aptosimum 
und  Peliostomum^  Beih.  z.  bot  Centralbl.,  xxi,  Abt.  3  ;  also'  Diss.,  ZQiich,  1906,  loi  pp.,  3  Tab. 
— Sperlich,  Zellkemkrystalloide  von  Alectorolophus^  Bdh.  z.  bot  Centralbl.,  xxi,  Abt  i,  1907, 
p.  I  et  seq.— Kranzlin,  in  Pflanzenreich,  Heft  a8,  1907,  p.  2.— [Hnchedtf,  Vtfroniqnes  et  Gratiole, 
Th^,  Paris,  1907, 137  pp. ;  also  in  Perrot,  Travanx,  v.] 


OROBANCHACEAE  (pp.  589-591). 

Amon^  the  Orobanchaceae,  which  have  a  single  ring  of  vasctilar  bundles 
in  their  axis  (cf.  p.  590),  we  may  include  AphyUon  uniflorum.  Gray,  in  which 
the  bundles  form  a  more  or  less  continuous  ring  (A.  C.  Smith).  Cooke  and 
Schiveley's  statement  as  to  the  occurrence  of  bicoUateral  vascular  bundles 
in  the  stem  of  Epiphegus  virginianus  requires  confirmation,  the  more  as  the 
authors  named  did  not  observe  distinct  sieve-plates  even  in  the  outer  phloem. 

Contrary  to  the  earlier  statement,  stomata  are  found  on  the  floriferous 
axis  (although  not  on  the  leaves)  in  Conopholis  americana ;  they  are  also 
present  in  AphyUon  unifhrum,  where  they  occur  on  the  axes,  bracts  and 
floral  organs. 

literature  :  Ducharte,  Anat.  de  VOrobanche  Eryngiiy  Ann.  sc.  nat.,  s^r.  3,  t.  iv,  1845,  pp.  74-9. 
— Lory,  Resp.  et  struct,  d.  Orobanch.,  Ann.  sc  nat.,  s^.  3,  t.  viii,  1847,  pp.  158-73. — Wilson, 
Conopholis  americana^  Contribnt.  Bot.  Laborat  Pennsylvania,  ii,  n.  i,  1898,  pp.  3-19,  pi.  i-^i — 
A.  C.  Smith,  Aphyllon  uniflorum^  Contribnt.  Bot  Laborat.  Pennsylvania,  ii,  n.  a,  1901,  pp.  iii-ai, 
pi.  xiii-xv. — Cooke  and  Schiveley,  Epiphezus  virginiana^  Contribnt.  Bot.  Laborat.  Pennsylvania, 
li)  n.  3,  1904,  pp.  352-98,  pi.  xxix-xxxii. — ^Porsch,  SpaltOffnungsapparat,  Jena,  1905,  pp.  60-5. 

LENTIBULARIEAE  (pp.  591-598). 

To  the  review  of  the  anatomical  features  we  may  make  the  following 
additions.  In  connexion  with  the  remarks  on  the  uniform  t]^  of  structure 
shown  by  the  glandular  hairs,  we  may  note  that  in  place  of  a  single  stalk-cell 
there  may  be  several.  Dissociation  of  the  vascular  bundles  of  the  stem  into 
xylem-  and  phloem-groups,  which  are  independent  of  one  another,  occurs  also 
in  Polypotnpholyx  \ 

I.    PINGUICULA  (pp.  591,  592) 

The  structure  of  the  leaf  in  P.  vulgaris  has  recently  been  examined  by  Fenner. 
In  rectification  of  the  earlier  statements  we  may  first  mention  that  chlorophyll 
is  found  in  the  epidermis  of  the  leaf  in  the  neighbourhood  of  the  midrib,  and  that 
stomata  are  present  on  both  sides  and  are  even  more  abundant  on  the  upper  side ; 

^  For  Byblis,  which  has  been  transferred  to  the  Lentibnlarieae  by  Lang,  see  onder  Droseraceae, 
p.  91a. 
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they  are  absent  only  from  the  marginal  zones  on  both  surfaces  of  the  leaf.  The 
fflandolar  hairs  occurring  on  the  upper  side  of  the  leaf  are  either  stalked  or  sessile; 
The  stalked  glands,  ^i^ch  function  as  organs  for  the  capture  of  the  insects,  consist 
of  (I)  a  basal  ceU,  (2)  a  stalk  composed  of  one  to  three  cells,  (3)  a  columeUa-cell, 
and  (4)  a  head  comprising  16  radially  arranged  cells.  The  Portly  stalked  glands 
have  a  basal  cell,  a  stalk-cell,  and  a  glandular  disc  of  4  or  8  cells  ;  these  are  the  glands 
which  perform  the  actual  process  of  absorption.  Tlie  same  function  is  carried  on 
also  by  one  to  four  rows  of  upper  epidennial  cells  lying  next  to  the  margin  of  the 
leaf  and  styled  glandular  cells  oy  Fenner.  The  lower  side  of  the  leaf  only  bears 
small  extexiial  glands,  which  are  provided  with  a  head  composed  of  four  cells  and 
function  as  hydathodes.  Features  deserving  special  mention  are  the  sieve-like 
perforation  of  the  cuticle  of  the  glandular  head,  and  the  fact  that  tracheae  of  the 
vascular  system  extend  up  to  all  the  glands  (both  sessile  and  stalked)  on  the  upper 
side  of  the  leaf.  Multicdlular  trichomes,  which  do  not  have  a  secretorv  function, 
occur  on  the  petiole  and  on  the  base  of  the  lamina;  these  hairs  either  consist 
of  a  row  of  3-0  cells  or  bear  a  rudimentary  head,  which  is  unicellular  or  composed 
of  a  small  number  of  cells  ;  the  nuclei  in  these  hairs  contain  crystalloids.  Acccmling 
to  Russow  and  Klein,  moreover,  nuclear  crystalloids  are  found  also  in  the  epidermis 
of  the  leaf,  &c. 

2.    GENLISEA  (pp.  592-594). 

For  the  structure  of  the  asddiform  leaves  of  G.  violacea,  St.  HiL,  which  is 
essentially  the  same  as  in  G.  omata,  see  Goebel,  loc.  dt. 

3.  UTRICULARIA  (pp.  594-597). 

The  most  important  pcant  in  Mderhofer's  recent  investigations  on  the  anatomy 
of  the  bladders  is  the  statement  that  there  is  no  stalk-cell  in  the  two-armed  glandular 
hairs  (with  upwardly  directed  arms)  occurring  on  the  inner  wall  of  the  lower  lip 
(which  faces  uie  interior  of  the  bladder)  and  in  the  four-rayed  absorptive  glands  on 
the  '  inner  wall  of  the  bladder.'  According  to  Meierhofer  the  apparent  stalk  in  the 
two  t3rpes  of  hairs  is — ^in  Utricularia  vulgaris  at  least — ^formed  by  the  lower  portions 
of  the  2  or  4  ray-cells,  which  are  narrowed  so  as  to  resemble  a  stalk.  According 
to  the  same  authority,  moreover,  the  lid  in  U,  vulgaris,  whidi,  like  that  of  U,flexuosa, 
is  composed  of  two  layers  of  cells  provided  with  pecuUar  stifienin^-mechanisms, 
bears  glands  which  for  the  most  part  consist  of  three  cells,  the  head  bemg  unicellular 
and  of  varied  shape,  viz.  spherical,  ellipsoidal  or  like  the  terminal  portion  of  a  two- 
armed  hair.  In  some  cases  the  head  of  these  glands  is  bicellular  owing  to  the 
presence  of  a  vertical  wall,  or  the  stalk-cell  (joint-cell)  undergoes  secondary  division 
into  four  cells  by  means  of  vertical  walls.  The  four-arm^  absorptive  glands» 
which  occur  on  the  inner  wall  of  the  bladder,  may  be  used  as  a  means  of  distinguishing 
the  species ;  in  Utricularia  Bremii,  Heer  they  show  the  same  arrangement  of  the 
ray-cells  asm  U.  minor  (see  Fig.  139,  D,  on  p.  596),  while  in  U.  intermedia,  Ha3me 
the  ray-celis  are  arranged  in  pairs  in  two  parallel  rows  in  the  same  way  as  in  I/,  mon- 
tana  (Fig.  139,  E).  On  the  surface  of  the  bladder  of  U.  intermedia  Meierhofer 
observed  glandular  hairs  with  4-celled  heads  in  addition  to  those  having  2-celled 
heads. 

4.  POLYPOMPHOLYX  (p.  597) 

The  anatomy  of  this  genus  of  the  Lentibularieae  was  hitherto  little  known ; 
two  Western  Australian  species,  P.  multifida,  F.  v.  Mull,  and  P.  tenella,  Lehm., 
have,  however,  recently  been  examined  by  Lsmg.  The  two  species  agree  with  one 
another  as  regards  their  anatomy. 

In  the  structure  of  the  axis  the  vascular  system  is  specially  distinguished 
by  the  absence  of  proper  vascular  bundles,  tiie  xylem-  and  pnloem-groups  running 
independently  of  one  another  as  separate  strands.  The  xylem-  and  phloem-bundles 
are  present  m  equal  numbers,  the  former  consisting  only  of  one  vessel  apiece* 
while  the  phloem-bundles  comprise  a  group  of  small  cells  including  sieve-tubes. 
Both  kinds  of  bundles  are  inserted  in  a  rmg  of  sclerench3nna  composed  of  cells 
resembUng  fibres ;  on  their  inner  side  these  cells  merge  into  a  pith  made  up  of 
large  cells.    The  bundles  alternate  with  one  another  like  the  wood-  and  bast-groups 
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in  the  radial  vascular  system  of  a  root,  the  phloem-bundles  lying  at  the  periphery 
of  the  sclerenchymatous  ring  and  bordering  on  the  sheath  of  large  parenchymatous 
cells  which  adjoms  the  ring  of  sclerenchyma  on  its  outer  side.  The  primary  cortex 
contains  intercellular  spaces  which,  near  the  points  of  insertion  of  the  leaves  and 
stolons,  are  of  large  size  and  are  arranged  in  a  ring ;  they  are  separated  from  one 
another  by  lamellae  composed  of  a  single  layer  of  cells,  and  Ix^der  on  the  sub- 
epidermal layer  externally  and  on  the  sheath  of  large  parenchymatous  cells  internally. 
llie  vascular  system  of  the  stolons  consists  of  a  single  bundle  showing  concentnc 
structure,  the  middle  being  occupied  by  a  solitary  vessel,  the  place  of  which  is 
subsequently  taken  by  an  intercellular  space. 

Tne  foliage-leaves  have  epidermal  cells  (occasionally  containing  chlorophyll) 
with  more  or  less  undulated  lateral  walls  and  bear  stomata  on  both  sides.  The 
mesophyll  is  homogeneous  and  is  provided  with  cavities  which  are  particularly 
promment  on  the  lower  side  and  attain  considerable  width  in  the  neighbourhood 
of  the  petiole.  The  solitary  median  vascular  bundle  of  the  leaf  contains  only 
one  vessel  and  is — at  least  at  certain  points  of  its  course— collateraL  The  hairy 
covering  of  the  leaf  is  constituted  by  external  glands  consisting  of  three  cells,  viz. 
a  sunken  basal  cell,  a  stalk-ceU,  and  a  capitate  cell  secreting  mudlag^. 

For  the  shape  of  the  asddiform  leaves  or  bladders,  see  p.  597.  The  wall  of  the 
bladder  consists  of  four  layers  of  cells  and  is  traversed  both  on  the  dorsal  and 
ventral  side  by  a  well-difierentiated  vascular  bundle,  running  in  the  median  plane. 
The  outer  wall  of  the  bladder  bears  the  ordinary  3-celled  glands,  while  at  points 
situated  opposite  the  ciliate  margin  of  the  cap  one  finds  bristle-hairs  like  those 
occurring  on  the  latter  and  consisting  of  a  basal  cell,  a  short  stalk-cell  and  a  long 
terminal  cell.  The  inner  wall  of  the  bladder  is  occupied  by  the  same  characteristic 
four-armed  absorptive  hairs,  as  are  found  in  Utrictuaria  ;  in  the  species  examined 
by  Lang  the  arms  of  these  hairs  are  arranged  in  the  form  of  an  x .  The  wing-like 
•extensions  of  the  cap  have  the  ordinary  external  glands  on  their  outer  surface, 
while  the  inner  surface  bears  numerous  glands  secreting  mucilage  and  exhibiting 
all  transitions  between  the  ordinary  capitate  glands  and  glandular  hairs  with 
flagdliform  terminal  cells  ;  the  terminal  cell  may  be  spherical,  ellipsoidal  or  clavate 
or  in  extreme  cases  flagelliform.  The  inner  wall  of  the  stalk,  which  here  likewise 
participates  in  the  formation  of  the  wall  at  the  entrance  to  the  bladder,  also  bears 
glands  with  terminal  cells,  which  are  flagelliform  and  are  often  bent  in  the  form 
of  a  crook  ;  in  addition  to  these  one  finds  glands  with  two-armed  terminal  cells,  the 
arms  being  placed  parallel  to  the  surface.  The  inner  wall  of  the  '  lid,'  whfch 
is  composed  of  two  layers  of  cells,  strengthened  by  means  of  annular  or  spiral 
thickenins;  bands,  and  the  inner  wall  of  the  '  lower  lip  '  ('  ^derlager  ')  are  likewise 
occupied  by  numerous  flagelliform  mudlage-hairs.  On  those  parts  of  the  lip,  which 
are  situated  nearer  the  interior  of  the  bladder,  the  mudlage-hairs  are  replaced  by 
glands  with  two-armed  pandurif orm  heads  divided  by  a  transverse  wall  into  two 
•cells,  while  the  place  of  the  mucilage-hairs  on  the  lower  Up  is  taken  by  a  tessellated 
epitiieUum  composed  of  dosely  crowded  capitate  elands  of  the  ordinary  type, 
lanally,  on  that  part  of  the  lower  Up,  which  faces  the  interior  of  the  bladder,  we 
find  the  same  two-armed  glands  provided  with  upwardly  directed  arms,  as  occur  in 
Uiricularia  flexuosa,  &c. 

Literatore:  J.  Klein,  Zellkerne  tod  Pingutcula  u.  Utricularia,  Bot.  Centndbl.,  1880,  iU, 
pp.  1401-4. — Rnssow,  Kiystftlloide  bei  Pinguiada^  Sitz.-Ber.  Dorpat.  natnrf.  GeselUch.,  1 880,  pp.  41 7, 
418.— Goebel,  GtnUsia,  Flora,  1895,  pp.  208-12.— [Endo,  Utrtcuiaria  bifida,  Bot  Magai.  Tol^o, 
xii,  1898,  pp.  1-4,  I  pi.] — Weinrowsky,  ScheiteloflEh.  bd  Wasserpfl.,  Diss.,  Berlin,  1898,  p.  30.—* 
Meister,  Utricularia,  Bull.  Herbier  Boissier,  1900,  n.  12,  40  pp..  Tab.  i-iv.— Lang,  Pohpdmpholyx 
u.  Byblis^  Flora,  1901,  pp.  152-66,  Tab.  xii. — Meierhofer,  C/tricularia'BUseiif  Flora,  1902, 
pp.  84-113,  Tab.  ii-v.— Dntailly,  in  Assoc  fran9.  Ajaccio,  1902,  p.  457. — Fenner,  Lanbbl.  n.  Drttsen 
«iniger  Insektivoren,  Flora,  1904,  p.  335  et  seq. ;  also  as  Diss.,  Zftrich,  especially  pp.  6-ap, 
Tab.  vi-viii. 

COLUMELLIACEAE  (p.  598). 

Van  Tieghem  has  recently  examined  the  remaining  known  species,  viz. 
ColumeUia  obTongay  Ruiz  et  Pav.,  C.  obovata,  Ruiz  et  Pav.  and  C.  sericea^  H.  B.  K. 
In  these  species  he  records  the  following  features  which  agree  with  those  observed 
by  me  in  C.  serrata,  Rusby  : — ^uniseriate  medullary  rays  in  the  wood ;  peri- 
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cyclic  development  of  the  cork,  which  has  the  same  composition  as  in  C.  serrata  ; 
aosence  of  secondary  hard  bast ;  clustered  crystals  of  oxalate  of  lime ;  bifacial 
leaf-structure ;  stomata  confined  to  the  lower  side  of  the  leaf  and  without 
subsidiary  cells ;  simple  unicellular  clothing  hairs  adpressed  to  the  surface 
of  the  plant ;  no  glandular  hairs  ;  and  lastly,  in  all  the  species,  a  single  layer 
of  hypoderm  on  the  upper  side  of  the  leaf. 

The  following  details  may  still  be  added.  The  mode  of  development  of 
the  cork  in  ColumeUia  obovata  recalls  that  in  Dodonaea  (Order  :  Sapindaceae). 
The  pericycle  is  parenchymatous.  One  of  the  outer  layers  of  pencyclic  cells 
gives  rise  to  the  first  pheUogen  and  forms  a  periderm  on  its  outer  side  in  which 
there  is  a  regular  alternation  of  layers  of  suberized  cells,  showing  marked 
radial  elongation,  and  small  flat  cells  with  cellulose  walls,  which  suteequently 
become  sclerosed.  This  is  followed  by  the  development  of  a  first  continuous 
ring  of  fibres  from  pericychc  tissue  adjoining  the  cork-cambium;  the  fiirst 
pheUogen  then  ceases  to  be  functional  and  a  second  one  arises  on  the  inner 
side  of  the  ring  of  fibres  from  tissue  belonging  either  to  the  pericycle  or  to 
the  bast ;  this  second  pheUogen  produces  a  new  periderm,  the  structure  of 
which  is  identical  with  that  of  the  first-formed  one.  While  the  second  peri- 
derm is  in  course  of  formation  a  second  ring  of  sclerenchjnna  is  differentiated 
on  the  inner  side  of  the  second  cork-cambmm ;  internal  to  this  sclerenchy- 
matous  ring  a  third  cork-cambium  is  produced  after  the  activity  of  the  second 
has  been  brought  to  a  close,  and  so  on.  In  the  other  two  species  Van  Ti^hem 
observed  noteworthy  modifications ;  thus  in  C.  sericea  the  (first)  ring  of  pericycUc 
fibres  is  present  before  the  development  of  cork  commences,  while  in  C.  oblonga 
it  continues  to  thicken  for  some  considerable  time  before  the  second  pheUogen 
appears.  In  the  three  species,  which  he  examined.  Van  Tieghem  also  records 
an  endodermis  composed  of  laxge  cells  with  Ugnified  radial  walls  and  situated 
on  the  outer  side  of  the  pericycle.  The  leaf  is  suppUed  by  a  vascular  bundle, 
taking  the  form  of  an  arc  of  wood  and  bast.  The  vascular  bundle  found  in  the 
median  vein  of  the  leaf  is  provided  with  an  arc  of  fibres. 

Literatnre :  Van  Tieghem,  CoInmelUac^es,  Ball.  Mas.  dlust.  nat,  1905,  pp.  333-9 !  *<^<^  Ann. 
•c  nat.,  sAr.  8,  t  xviii,  1903,  pp.  155-64. 

GESNERACEAE  (pp.  599-601). 

To  the  Summary  of  the  Anatomical  Features  of  the  Gesneraceae  we 
may  add  the  following  details.  Tjrpical  bundles  of  raphides  occur  in  Napean- 
thus  repens,  J.  D.  Smith  (genus  novum  Gesneracearum) ;  true  cystoUths  have 
been  observed  in  the  two  very  closely  related  genera  Klugia  and  Rhynchoglossum ; 
secretory  canals,  developed  in  relation  to  the  vascular  bundles  of  the  leaf  and 
stem,  as  well  as  medullary  vascular  bundles  in  the  stem,  are  found  likewise  in 
Klugia  and  Rhynchoghssumy  the  medullary  bundles  being  present  also  in  Mono- 
phyUaea  and  Coleus ;  a  single  cortical  vascular  bundle  occurs  in  the  stem  in 
Rhynchoglossum  obli^um.  Si. ;  stomatal  groups  are  met  with  on  the  surface  of 
the  leaf  in  the  species  of  the  genus  NapeatUhus ;  in  addition  to  that  certain 
species  have  hypoderm  in  the  leaf  and  spicular  fibres  in  the  mesophyll  (the  latter 
in  Stauranthera  argyrescens^  HaUier  f .).  As  regards  the  clothing  hairs  we  may  note 
that  in  the  uniseriate  trichomes  the  thick- walled  terminal  cell,  and  in  some  cases 
also  the  cell  adjoining  it,  have  calcified  and  siUcified  walls.  Uniseriate  trichomes, 
in  which  the  terminal  cell  is  bent  like  a  hook,  occur  in  Epithema  sndLoxonia; 
simple  shaggy  hairs  are  found  in  certain  species  of  Klugia  and  branched  multi- 
cellular trichomes  in  Klugia  zeylanica,  Thw.  The  hezas  of  the  glandular  hairs 
are  occasionally  unicellular.  Special  mention  may  be  made  of  the  forked 
external  glands  of  Primulina  Tabacum,  Hance,  and  of  the  '  peltate  glands ' 
of  Monophyllaea,  which  excrete  chalk. 
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The  Structure  of  the  Leaf  is  again  bifacial  in  the  species  which  I  have 
recently  examined.  In  the  species  ot  Jerdonia  and  Napeanthus  the  cells  of 
the  spongy  tissue  are  rounded  and  are  peculiar  in  bein^  connected  with  one 
another  by  means  of  short  peg-shaped  processes.  Accordmg  to  K.  Fritsch  (loc. 
cit.),  moreover,  similar  features  are  found  also  in  species  of  MonophyUaea^ 
Streptocarpus  and  Sainipaulia.  There  is  no  sclerenchyma  in  the  veins  in  the 
species  which  I  have  examined ;  the  larger  veins  commonly  (species  of  Jer- 
donia^ KlugiUf  Loxonia,  NapeatUhus^  Rhynchoglossum)  include  two  collateral 
vascular  bundles,  which  either  both  show  the  same  orientation  (with  the 
xylem  on  the  upper  side)  or  have  their  xylem-groups  directed  towards  one 
another.  The  spicular  fibres  mentioned  above  as  occurring  in  the  mesophyll 
in  StauratUhera  argyrescens  were  observed  by  Hallier.  In  Cyriandrotnoea 
decurrens,  ZoU.  the  epidennal  cells  on  the  upper  side  of  the  leaf  are  provided 
with  a  small  papillose  protrusion,  arising  from  the  middle  of  the  outer  wall. 
In  SaifUpaulia  ionaniha  the  upper  epidermis  likewise  serves  for  water-storage 
and  consequently  consists  of  large  cells  (Fritsch) ;  in  the  species  of  NapeatUhus 
both  the  upper  and  lower  epidermis  show  the  same  feature,  the  two  epidermal 
layers  here  occupying  the  greater  part  of  the  transverse  section  of  the  leaf. 
Hypoderm  is  found  also  in  CodonatUhe  Devosiana  (according  to  Schimper), 
Aeschynanthus  purpurascenSf  Hassk.  (according  to  my  own  observation ; 
here  composed  of  several  layers  and  taking  up  half  the  thickness  of  the  leaf), 
MonophyUaea  Horsfieldii,  K.  Br.  (according  to  Fritsch,  two-layered),  and 
Streptocarpus  Kirkii,  Hook.  f.  (according  to  Fritsch).  In  Saintpaidia  ionaniha 
and  Aescnynantki4$  purpurascens  the  spongy  tissue  likewise  stores  up  water. 
The  stbmata  are  often  of  large  size.  In  Napeanthus  an  excellent  generic  character 
is  afforded  by  the  stomatal  groups,  which  are  often  visible  even  to  the  naked 
eye  as  small  spots  on  the  lower  side  of  the  leaf  and  recall  the  well-known 
stomatal  ^ouj^  found  in  certain  Begonias.  The  stomatal  groups  of  Napeanthus 
are  constituted  mainly  by  2-18  pairs  of  guard-cells  together  with  their  sub- 
sidiary cells,  and  are  absent  only  in  N.  repens,  J.  Donn.  bmith,  which  does  not 
belong  to  the  genus  Napeanthus  (see  above). 

Regarding  the  wide  distribution  of  anthocyanin  in  the  Gesneraceae,  see 
Hassack  and  K.  Fritsch,  U.  cc. 

I  have  observed  rather  long  acicular  crystals  of  oxalate  of  lime  also  in 
Phylloboea  amplexicaulis,  Clarke,  where  they  completely  fill  the  cells  of  the 
spongy  tissue ;  small  but  rather  distinctly  differentiated  clustered  crystals 
occur  side  by  side  with  other  small  crj^tals  also  in  the  palisade  tissue  of 
Cyrtandromoea  decurrens ;  relatively  large  solitary  crj^tals  are  found  in  the 
epidermis  of  the  leaf  of  Pritnulina  Tabacum^  and  in  the  palisade  tissue  of 
Acanthonema  strigosum,  Hook.  f. ;  large  crystalline  bodies,  which  refract  the 
light  doubly  and  give  the  reactions  of  oxalate  of  lime  (though  still  requiring 
more  detailed  investigation),  are  present  in  the  subsidiary  cells  of  the  hairs 
and  in  enlarged  cells  of  the  mesophyll  in  Acanthonema  strigosum;  lastly^ 
typical  bundles  of  raphides  have  been  observed  in  spindle-shaped  cells  m 
Napeanthus  repens  (genus  novum). 

Cystoliths  have  been  found  among  the  Gesneraceae  in  the  two  genera 
Klugia  and  Rhynchoglossum  \  The  cystoUths  vary  in  shape,  bein^  ellipsoidal 
or  more  elongated  or  slightly  branched,  while  in  Klugta  ampluUa,  Clarke 
they  have  a  peculiar  racemose  form  ;  they  may  or  may  not  be  calcified,  and 
are  frequently  povided  with  distinct  stalks.  In  Klugia  zeylanica,  Gardn. 
{'Klugia  Notomana/  Hortorum)  they  are  found  principally  in  the  palisade 
tissue,  but  occur  also  in  the  spongy  tissue  and  in  the  lower  epidemus,  while 


^  K.  Fritsch't  puiper  ('  Vber  das  Vorkommen  yon  Cystolithen  bd  Klugia  zeykmita  *  in  Wiesner- 
Fetlicbrift,  Vienna,  1908,  p.  412)  was  published  while  these  sheets  were  in  the  press. 
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in  Klugia  azurea^  Schlecht.,  K.  major^  Solered.  and  K.  NoUmiana^  Gardn., 
as  well  as  in  Rhynchoglossum  obliquum^  Bl.  (with  var.  parviflora^  Clarke)  and 
R.  klugioides^  Clarke  they  are  connned  to  the  lower  epidermis,  and  in  Klugia 
ampliata^  Clarke  to  the  palisade  tissue.  I  have  examined  the  genera  Nape- 
anikuSf  Loxonia^  Phylloboea,  Cyrtandromoea^  Jerdonia^  Platystemma^  Acantho- 
netna^  and  Primidina^  which  are  placed  inmiediatdy  next  to  Klugia  and 
Rhynchoglossum  by  Bentham  and  Hooker  and  other  authorities,  and  find  that 
they  do  not  possess  any  c5^toUths. 

Another  new  anatomical  feature,  not  hitherto  recorded  in  this  Order, 
is  constituted  by  the  resin-canals  found  in  Klugia  and  Rhynchoglossum, 
I  was  able  to  demonstrate  their  presence  in  all  the  species  with  the  exception 
of  Rhynchoglossum  klugioides^  Clarke,  of  which  only  a  oadly  preserved  fragment 
of  a  leaf  traversed  by  Fungi  was  available.  The  secretory  canals  have 
lumina  of  varying  width  and  are  occasionally  surrounded  by  cells  resembling 
an  epithehum ;  their  contents  are  of  a  resinous  nature.  They  are  found  in 
the  first  place  in  the  veins  of  the  leaves ;  in  the  larger  veins  they  are 
situated  between  the  two  vascular  bundles  (see  above),  while  in  the  smaller 
ones  they  lie  above  the  xylem  of  the  solitary  bundle.  In  the  stem  the 
secretory  canals  in  part  accompany  the  medullary  vascular  bundles  and  the 
bundles  of  the  vascular  ring,  being  placed  next  to  the  xylem ;  but  they 
frequently  have  an  apparently  independent  course,  and  run  some  considerable 
distance  mtemal  to  the  xylem-groups  of  the  vascular  ring. 

The  hairy  coverh^g  of  the  Gesneraceae  has  recently  been  examined  by 
Rechinger,  more  especially  with  reference  to  the  imiseriate  clothing  hairs, 
which  are  provided  with  strongly  thickened  terminal  cells.  According  to  him 
the  strong  thickening  of  the  terminal  cell  is  due  to  an  obliterating  membrane 
(*  AusfuUun^ '),  which  is  both  siHcified  and  calcified.  Trichomes  of  this  type, 
showing  obhteration  of  the  lumen  in  the  terminal  cell,  do  not,  however,  occur 
in  all  the  members  of  the  Order.  In  certain  species  uniseriate  hairs  are 
altogether  wanting;  in  other  cases  one  finds  uniseriate  hairs  in  which  the 
terminal  cell  shows  no  such  obhteration  of  the  lumen,  while  the  remaining 
cells  of  the  hair  have  walls  of  varying  thickness.  Trichomes,  in  which  both 
the  terminal  cell  and  the  cell  adjoining  it,  and  in  rare  cases  even  the  third 
cell  from  the  apex  of  the  hair,  show  obliteration  of  the  lumen,  while  the 
remaining  cells  have  thin  walls,  were  observed  by  Rechinger  in  certain 
species  of  AUopUctus^  Corytholoma  (  =  Gesnera  ^),  Gesnera,  Naegdia,  Pearcea 
(=:  Isoloma),  KoeUlera  (=  Chirita),  Sciadocalyx  (=  Isoloma),  Sinningia^ 
Streptocarpus,  and  Tapeinotes  (=  Sinningia) ;  trichomes,  in  which  the  mem- 
branes of  all  the  cells  are  thickened  and  the  lumen  of  the  terminal  cell  is 
obliterated,  were  met  with  in  certain  species  of  Achimenes^  Allopleclus,  Ceniro- 
solenia  (=  Episcia),  DrymoniUy  Jancaea  (=  Ramondia\  Isoloma^  Penta- 
rhaphia^  Ramondia^  RoetUera  (=  Didymocarpus)^  Streptocarpus  and  Tydaea 
(=  Isoloma).  The  special  structure  of  the  ordinary  imiseriate  clothing  hairs, 
which  has  just  been  discussed,  is  in  general  only  of  value  for  specific  diagnosis. 
According  to  Rechinger  the  same  is  true  also  of  other  structural  features  shown 
by  these  hairs,  such  as  nodular  thickenings  on  the  walls  {Achimenes  lanata^ 
Hanst.)  or  nodose  swelling  of  the  basal  portions  of  the  individual  ceUs  {Boea 
hygromeirica,  R.  Br.,  Jancaea  Heldreichii^  Boiss.).  Among  the  membc^  of 
the  Order,  which  I  have  recently  examined,  Napeanthus  repens  alone  has  long 
clothing  hairs  with  a  terminal  cell  showing  obhteration  of  the  lumen,  but  in 
species  of  Acanthonema  and  Platystemma  a  slight  incrustation  may  be  detected 
at  the  apex  of  the  terminal  cells.  Other  pecuhar  ts^pes  of  hairs  are  :  (a)  the 
very  short  pointed  hairs  of  Napeanthus  apodemus,  J.  D.  5mith,  N.  subacaulis^ 

^  According  to  the  Index  Kewensis. 
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Benth.  et  Hook.,  &c.,  which  are  composed  of  from  one  to  three  cells  and  are 
seated  on  the  middle  of  large  epidermal  cells ;  (b)  the  short  clothing  hairs 
f omid  in  species  of  Klugia  and  Rhynchoglossum,  which  consist  of  a  small  number 
of  cells,  the  terminal  one  of  which  is  somewhat  bent,  and  are  inserted  obliquely 
on  the  surface  of  the  leaf ;  (c)  the  very  long  uniseriate  clothing  hairs  present  on  the 
margin  of  the  leaf  in  Jerdonia  indica,  Wight,  some  of  the  long  segments  com- 
posing these  hairs  being  septate  by  means  of  thin  transverse  waUs  (to  the  number 
of  6  or  7).  According  to  H.  Schmidt  the  uniseriate  bracket-hairs  already  referred 
to  above,  in  which  the  terminal  cell  is  bent  in  the  form  of  a  hook,  are  found 
in  Epithema  Brunonis^  Decne.  and  E.  carnosutn,  Benth. ;  they  constitute 
a  good  distinguishing  feature  between  Epithema  and  the  genus  Pentaphragma 
(Campanuloideae),  which  is  provided  with  branched  clothing  hairs,  and  is 
often  confused  with  Epithema  in  herbaria.  I  have  observed  bracket-hairs 
also  in  Loxonia  acuminata,  R.  Br.  Uniseriate  trichomes,  in  which  each  of 
the  lower  cells  is  divided  longitudinally  into  two,  occur  in  Klugia  Notoniana^ 
and  constitute  a  transition  to  the  shaggy  hairs,  which  have  been  demonstrated 
in  K.  azurea,  Schlecht.  and  K.  majoty  bolered.  Klujgia  zeylanica,  Gardn.  ('iC. 
Notoniana  *  Hortorum,  see  Rechinger,  loc.  cit.)  is  distinguished  from  the  true 
K,  Notoniana  by  the  possession  of  more  or  less  richly  branched  clothing  hairs  ; 
the  lower  part  of  the  stalk  in  these  hairs  is  frequently  biseriate  and,  like 
the  uniseriate  branches,  consists  of  cells  with  thin  walls ;  I  did  not  see  the 
transparent  ('  vitreous  *)  unicellular  cilia  observed  and  figured  by  Rechinger, 
according  to  whom  they  are  attached  to  the  walls  of  the  hairs  with  their  ends 
pointing  downwards  (strange  bodies  ?)^.  Glandular  hafrs  have  recently  been 
demonstrated  also  in  species  of  Acanthonema,  Achimenes,  Boca,  Coleus,  Col- 
landra  (=  Columnea),  Cyrtandromoea,  Epithema,  Gloxinia,  Jerdonia,  Klugia, 
Loxonia,  Monophyllaea,  Napeanthus,  PhyUoboea,  Platystemma,  Primulma, 
Rhynchoglossum,  Roettlera  (=  Chirita),  Saintpaulia  and  Tydaea  (=  Isoloma) 
(Rechinger,  H.  Schmidt,  Chevalier  et  Perrot,  Solereder).  We  may  add  the 
following  details  regarding  the  differentiation  of  the  head.  Unicellular  spherical 
glandular  heads  are  found  in  species  of  Coleus,  where  they  are  borne  on  very 
short  stalks,  and  in  Napeanthus  repens,  where  they  are  placed  on  very  long 
stalks ;  long  glandular  hairs  having  cylindrical  terminsd  cells,  the  apex  of 
which  is  swollen  or  lageniform,  occur  m  Primulina  Tabacum,  Hance.  This 
species  also  possesses  the  forked  glands  mentioned  above ;  they  are  long 
trichomes  with  a  uni-,  or  rarely  bicellular,  stalk  and  two  cylindrical  terminsd 
cells,  which  show  a  pistillate  swelling  at  their  apex,  are  fused  for  about  half 
their  length  and  diverge  beyond  that  point  in  a  dichotomous  manner.  In  the 
members  of  the  Order  which  I  have  examined  the  heads  of  the  shortly  stalked 
glands  consist  of  from  two  to  four  cells.  In  the  simplest  case  the  bicellular 
nead,  as  seen  from  above,  has  an  elliptical  outline,  wmle  the  four-celled  head 
has  a  rounded  or  rosette-like  outline  ;  as  a  result  of  elongation  of  the  glandular 
cells  we  obtain  glandular  heads,  which  are  either  bicellular  and  panduriform 
or  hammer-shaped  or  two-armed  {Epithema,  Klugia,  Loxonia,  Napeanthus, 
Rhynchoglossum)  or  on  the  other  hand  are  provided  with  three  or  four  r^ys 
{Klugia,  Napeanthus,  Rhynchoglossum),  The  peltate  glands  of  Monophyllaea 
Horsfieldii,  K.  Br.,  which  were  referred  to  above,  belong  to  a  special  category ; 
as  Fritsch  was  the  first  to  show,  they  excrete  carbonate  of  lime.  I  havfe 
examined  them  and  find  that  their  structure  corresponds  completely  with  that 
of  the  well-known  peltate  glands  of  the  Rhinanthaceae ;   the  epidermal  cell, 

^  The  '  scales'  described  by  Rechinger  as  occurring  00  the  leaf  of  Monophyllaea  Horsfieldii,  R.  Br. 
haye  been  shown  by  Fritsch  Goc*  cit.)  to  be  small  chalk-scales,  which  are  excretea  by  peculiar 

fUndttlar  hairs  functioning  as  hydathodes  (for  details  r^^arding  the  hairs,  see  the  text  below). 
Lediin^*s  farther  statement  as  to  the  occurence  of  small  scales  in  '  Boca  speciosa '  still  requires 
neinvestigation. 
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which  constitutes  the  base  of  the  trichome,  is  followed  by  a  low  middle-cell  which 
has  a  rounded  outline  and  bears  the  shield ;  the  latter  is  of  the  same  size  as 
the  middle-ceU  and  is  divided  into  two  '  lid-cells '  by  means  of  a  vertical  wall. 

For  the  occurrence  of  steles  in  the  fibrovascidar  system  of  the  petiole 
of  *  Gesneria  alba,*  see  Bouygues,  loc.  cit. 

According  to  my  own  investigation  medullary  Tascular  bundles  are 
found  both  in  Klugia  (K.  ampliata,  Clarke,  K.  azurea,  Schlecht.,  K.  major^ 
Solered.,  K,  Notonianay  Gardn.,  K.  zeylanica,  Gardn.)  and  in  Rhynchoghssum 
{R,  obliquum,  Bl.  with  var.  parvifhrum,  Clarke),  while  according  to  K.  Fritsch 
they  occur  also  in  MonophyUaea  Horsfieldii,  R.  Br.,  a  speaes  which  has 
only  one  large  foUage-leaf.  In  Rhynchoglossum  obliquum  (also  in  the  var. 
parviflorum),  moreover,  a  projecting  ridge  on  the  stem  contains  a  cortical 
vascular  bundle  showing  concentric  structure. 

For  the  structure  of  the  characteristic  runners  of  Achimenes  coccinea^ 
which  are  occupied  by  scaly  leaves,  see  Kliem,  loc.  cit. ;  for  the  structure  of 
the  tubers  found  in  species  of  Coleus,  see  Chevalier  and  Perrot,  loc.  cit. ;  for 
the  structure  of  the  aerial  and  terrestrial  roots,  occurring  in  species  of  Aeschy^ 
nanthus  and  Columnea,  see  KeUer,  loc.  cit.  The  only  feature  requiring  special 
mention  is  the  occurrence  of  medullary  vascular  bimdles  showing  collateral 
structure  in  the  tubers  of  Coleus  langouassiensis.  Chevalier. 

literature :  [PedidDO,  Sderenchymi  nelle  Gesnerac.,  Rendic.  Accad.  sc  fis.  e  mat.  Napoli,  1879, 
fasc  3 ;  abstr.  in  Just,  1879,  i,  p.  34.] — Hassack,  Anat  Ban  biinter  Laubbl,  Bot.  Centralbl.,  1886, 
ir,  p.  84  et  seq. — L.  KeUer,  Lnitwurzeln,  Diu,,  Heidelbei^,  1889,  pp.  13-15. — Hallier,  in  Ann. 
Jardin  Buiteozorg,  xiii,  2,  1896,  p.  388.— JdnaK»,  Anat.  Ban  des  Blattes,  Acta  Univ.  Lnnd., 
xxzii,  3,  1896,  3o  pp.— Rediinger,  Trichome  der  Gesnerac.,  Okterreich.  bot.  Zeitschr.,  1899,  p.  89  et 
seq.,  sep.  copy,  18  pp.  and  Tab. — Kliem,  V^etat.  Regenerationioxg.,  Dim.,  Erlangen,  1900,  pp.  49, 
fto. — Bonygnes,  Petiole,  Th^,  Paris,  1903,  p.  78.— Pischinger,  Streptocarpus  and  Monopkyllata, 
Sitz.-Ber.  Wiener  Akad.,  cxi,  Abt.  i,  1903,  pp.  387,  391,  etc  and  Tab.  i,  ii.—K.  Fritsch,  Kelm- 
pflanzen  der  Gesnerac.,  Jena,  1904,  especially  pp.  133-47. — H.  Schmidt,  Campannloideen,  Diss., 
Erlangen,  1904,  pp.  loi,  103. — Chevaher  et  rerrot,  Coleus,  in  Peirot,  Travanx,  iii,  1906;  also  in 


V^tftaux  utiles  de  rAfxiqne  trop.  fran9.,  t  i,  1905,  pp.  100-53,  pi.  1-8,  especially  p.  130  et  seq.- 
Solereder,  Zor  Anatomic  n.  Systematik  einiger  Gesoeraoeen-Gatt,  Manuscript,  1907. — [K.  Fritsch,  i 
Natilrl.  Pflanzcn&m..  Erg. -Heft  II,  1908,  p.  3'7-]— K.  Fritsch,  Cystolithen  bei  Klugia  uylanica,  m 


BIGNONIACEAE  (pp.  601-611). 

1.  To  the  Review  of  the  Anatomical  Features  we  may  add  that  stomata 
having  two  subsidiary  cells  placed  transversely  to  the  pore  also  occur  in  this 
Order  (Kigelia).  Among  the  list  of  special  features  we  may  include  the  occur- 
rence of  groups  of  siUcined  cells  in  the  mesophyll  and  of  solid  papillae  on  the 
epidermis  of  the  leaf  (both  features  likewise  observed  in  Kigelia), 

2.  Structure  of  the  Leaf.  According  to  my  own  investigation  the 
mesophyll  is  centric  in  structure  in  Kigelia  pinnata,  DC.  and  K.  africana, 
Benth. ;  it  consists  of  5  or  6  layers  of  moderately  elongated  palisade-cells, 
the  longitudinal  walls  of  which  show  a  bellows-Uke  folding,  and  at  some  points 
include  small  intercellular  spaces  between  one  another  after  the  manner  of 
conjugate  parenchsmia.  Spicular  fibres  running  freely  in  the  mesophyll, 
besides  occurring  in  Colea  Commersonii  (where  they  may  even  spread  out 
beneath  both  upper  and  lower  epidermis),  are  found  in  CoUa  pedunculata 
(according  to  Fabricius)  and  in  Crescentia  regalis,  C,  macrophyUa  (=  Amphi- 
tecna  macrophyUa,  Miers)  and  Phyllarthron  comorense,  DC.  (according  to  Comu). 
In  Colea  pedunculata  there  are  also  scattered  stone-cells  in  the  mesophyU. 
Another  noteworthy  feature  is  constituted  by  spherical  or  otherwise  shaped 
groups  of  silicified  cells,  which  were  first  observed  by  Comu  in  the  mesophyll 
of  Kigelia  pinnata,  although  his  interpretation  of  them  was  not  quite  correct, 
and  which  are  present  also  in  K.  africana.  Their  structure  recalls  that  of  the 
groups  of  silicified  cells,  figured  for  Aristolochia  acutifolia,  Duch.  in  Fig.  166,  G 
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{on  p.  684)  in  all  respects.  The  constituent  cells  show  an  approximately  radial 
arrangement,  while  those  parts  of  their  walls,  which  are  directed  towards 
the  centre  of  the  group  of  cells,  and  the  adjoining  parts  of  the  radial  walls 
are  thickened  in  the  form  of  a  horseshoe  and  are  stratified  and  silicified.  The 
groups  of  cells  in  question  either  lie  freely  in  the  mesophyll  or  more  conmionly 
occur  in  connexion  with  the  vascular  bundles  of  the  veins,  bein^  situated  both 
on  their  upper  and  lower  side ;  the  number  of  cells  composmg  the  groups 
varies.  In  Kigelia  the  upper  and  lower  epidermis  are  likewise  silicified ;  m 
surface-view  the  cells  of  the  upper  epidermis  have  undulated  lateral  walls  and, 
like  the  epidermal  cells  situated  above  the  larger  veins  on  the  lower  side  of 
the  leaf,  are  provided  with  blimt  conical  and  solid  papillae,  while  the  lower 
epidermis  consists  almost  exclusively  of  the  exceptionally  numerous  stomata 
with  their  subsidiary  cells.  The  pairs  of  guard-cells  in  Kigelia  are  raised  above 
the  surface  of  the  epidermis,  and  are  supported  for  the  most  part  by  two  (more 
rarely  by  three)  neighbouring  cells,  which  are  placed  transversely  to  the  pore. 

The  hairy  covering  in  Kigelia  comprises  unicellular  clothmg  hairs  with 
rather  thick  walls  and  narrow  lumina,  and  relatively  large  disc-shaped  glands 
showing  radial  arrangement  of  the  cells  and  a  slight  elevation  of  the  cuticle. 

3.  Structure  of  the  Axis.  As  regards  the  occurrence  of  anomalous 
structure  in  the  wood  of  the  root  in  the  Bignoniaceae  (p.  608)  we  may  note 
that  according  to  Hill  bast-wedges  are  found  in  this  position  also  in  Bignonia 
fiftguis  and  B.  venusta. 

The  cortex  of  Oroxylum  indicunty  Vent,  contains  deposits  of  green  sub- 
stances which  resemble  wax,  and  are  the  seat  of  the  active  principle  (oroxylin) 
in  this  bark  (O.  Werner).  It  still  remains  to  be  determined  whether  the  rubber, 
which  exudes  on  wounding  the  cortex  in  Stereospermum  euphorioides,  is  deposited 
in  special  receptacles  (see  Jumelle,  loc.  cit.). 

Litemtnre:  [Stowell,  Folk  Carobac  (Jaccaranda  Carobai),  Therap.  Gazetie,  N.  S.,  1881,  n.  2, 
p.  42;  abstr.  in  Just,  i88t,  ii,  p.  691.]— Keller,  Lnftwnnelii,  Diss.,  Heidelberg,  1889,  pp.  15-17.— 
[Tognini,  Stomi,  Atti  1st.  bot.  Pavia,  1894.] — Went,  Haft-  a.  Nahrmirzeln,  Add.  Jardin  Buitenzoig, 
xii,  1895,  PP*  59»  ^* — Coma,  Colea  floribunda^  etc.,  iii  and  !▼,  Boll.  Soc.  bot.  de  France,  1890, 
pp.  406-14. — ^Jonsson,  Anat.  Bau  des  Bl,  Acta  Univ.  Lund.,  xzxii,  2,  1896. — Werner,  Neuere 
brogen  (Cortex  Oroxyli),  Diss.,  Erlangen,  1896,  pp.  27-33  ^^  '^^'  ^i,  iv. — Hill,  Roots  of 
Bi^fumia,  Ann.  of  Bot.,  1898,  pp.  323-8  and  pi.  zziL — Boergesen  og  Paulsen,  Veget.  dansk-vestind. 
Oer,  Bot  Tidsskrift,  xxil,  1898-9,  p.  loi  {Tecoma  leucoxylon^  Mart.). — Leisering,  Interxylares 
Leptom,  Diss.,  Berlin,  1899,  pp.  27,  28. — Pitard,  P^icycle,  Thise,  Bordeaux,  1901,  p.  j^8.— 
[Anonymous,  Glands  in  Tecomay  Gardeners'  Chronicle,  xxxii,  1902,  p.  44.3 — Fabricius,  Lanb- 
blattanatomie,  Beih.  z.  bot.  Centralbl.,  xii,  1902,  p.  313  {Colea pedunailata).'--Co\t  Faisceanx,  Ann. 
sc.  nat,  s^r.  8,  t.  xx,  1904,  pp.  iii,  112  and  152-4. — Paoli,  £terofil]ia,  Nuovo  Giom.  bot.  Ital., 
N.  S.,  xi,  1904,  p.  220  (species  of  Bignonia  and  MacrotUscus), — Frommel,  Plantas  text,  chil.,  1905, 
p.  40. — Jumelle,  Une  Bignon.  k  gomme,  Comptes  rendus  Paris,  1905,  i**  s^m.,  pp.  170-2. — 
[PenhaUow,  Hybridization  of  Catal^  Americ.  Nat.,  xxxix,  1905,  pp.  113-36,  abstr.  in  Bot. 
Centralbl.,  cxix,  p.  321 J — Piccioli,  Legnami,  Bull.  Siena,  1906,  p.  151. — Haberlandt,  Sinnesorg., 
second  edition,  1906. — [Scfawendt,  Extr^or.  Nektarien,  Bieih.  z.  bot.  Centralbl.,  xxii,  Abt.  i,  1907, 
pp.  256-9.] 

PEDALINEAE  (pp.  611-613). 

Griinewald's  paper  cited  below  deals  principally  with  the  anatomy  of 
the  leaf  and  axis  m  the  genera  Martynia,  Craniolaria,  Pedalium,  Pterodiscus^ 
Harpagophytum,  Rogeria,  Sesamutny  Ceratotheca^  Pretrea,  and  Josephinia ;  it 
does  not  contain  any  essentially  new  facts. 

The  characteristic  mucilage-hairs  appear  to  occur  also  in  Pterodiscus 
(*  P.  angustifolius '),  whilst  in  Rarpagophytum  the  external  glands  are  of  the 
same  type  as  those  of  Craniolaria  annua.  The  structure  of  the  leaf  is  for  the  most 
part  bifacial,  the  stomata  generally  occurring  on  both  surfaces.  In  Craniolaria 
annua  the  epidermis  of  the  leaf  contains  chlorophyll,  and  in  Preirea  eriocarpa 
and  '  Pterodiscus  angustifolius  *  crystals  of  oxalate  of  lime.    Oxalate  of  Ume 
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is  occasionally  found  in  the  form  of  crystals  resembling  raphides  (pith  of 
Rogeria  adenopkyUa). 

As  regards  the  structure  of  the  axis  it  api)ears  that  bast-fibres  are  invariably 
found  in  the  pericycle,  and  that  the  wood-prosenchyma  alwaj^  bears  simple 
pits. 

Literature :  Grimewald,  Vergl.  Anat.  d.  Martyniaceae  n.  Pedaliaceae,  Din.,  Erlangen,  1897, 
43  PP- 

ACANTHACEAE  (pp.  613-624). 

2.  Structure  of  the  Leaf.  In  the  species  which  have  been  examined 
the  leaves  are  for  the  most  part  bifacial  in  structure,  rarely  {Acanihopsis  horrida^ 
Kees)  centric  with  palisade  tissue  on  both  sides.  Friedrich  records  a  papillose 
epidermis  in  the  leaf  in  Aphdandra  Fascinator,  Lind.  et  Andi6  and  JRueUia 
Devosiana,  Lindl.  According  to  Holtermann  a  many-layered  h3rpoderm  is 
found  on  the  upper  side  of  the  leaf  also  in  Strobilanthes  sexennis  var.  argutus. 
According  to  Dethan  the  parenchyma  of  the  veins  in  AcatUkus  mollis,  L. 
contains  membrane-mucilage.  At  this  point  we  may  also  mention  the  occur- 
rence of  groups  of  mucilaginous  cells  on  both  sides  of  the  leaf  in  Acanihus 
ilicifolius,  L.,  a  feature  which  still  requires  further  investigation;  on  the 
upper  side  of  the  leaf  these  ^oups  are  inserted  among  the  cells  of  the 
hypoderm,  while  on  the  lower  side  they  are  formed  mainly  by  epidermal  cells 
showing  palisade-Uke  elongation  ;  in  later  stages  they  give  rise  to  organs 
resembling  lenticels  (Areschoug). 

Oxalate  of  lime  (cf .  p.  614)  is  found  in  the  form  of  large  clustered  crystals 
in  Thunbergia  laurifolia,  Lindl.  and  Eranthemum  igneum,  Lind.  (Friemch). 
Small  crystalline  bodies  occur  very  abundantly  in  the  epidermis  and  in  the 
clothing  hairs.  The  acicular  crystals  are  often  differentiated  like  raphides 
(see  especially  A.  Weiss,  loc.  cit.). 

To  the  list  of  special  forms  of  clothing  hairs  (see  p.  614)  we  may  add : 
(a)  the  unicellular  tnchomes  of  Lasiocladus,  which  have  thick  walls  and  narrow 
lumina ;  (b)  the  uni-  or  multicellular  lanceolate  hairs  of  Acanthopsis  horrida^ 
Nees,  each  of  which  is  seated  obliquely  on  an  epidermal  cell,  with  the  apex  of  the 
hair  directed  towards  the  tip  of  the  leaf ;  and  (c)  the  trichomes  of  FiUonia 
VerschaffeUii,  which  accordmg  to  Haberlandt  function  as  ocellae ;  these 
hairs  consist  of  (i)  a  large  epidermal  cell,  which  has  a  rounded  outline,  as  seen 
in  surface-view,  and  projects  strongly  after  the  manner  of  a  papilla  above  the 
small-celled  epidermis,  and  (2)  a  very  small  cell,  which  is  inserted  in  the  apex 
of  the  epidermal  cell  and  is  shaped  like  a  biconvex  lens.  Hie  external  glands 
of  the  second  type  in  some  cases  have  a  biceUular  head  which  is  divided  by 
a  vertical  wall,  and  are  sometimes  (e.g.  in  Ruellia  patula,  Jacq.  or  Strobilanihes 
glomeratus,  Anders.)  provided  with  long  stalks. 

In  connexion  with  the  section  on  the  cystoliths  (see  also  the  table  on 
p.  616)  we  may  first  describe  the  forms  of  cs^stoUths  recorded  by  Friedrich 
in  a  number  of  genera  not  examined  by  Hobein  {Glossochilus,  Lasiodadus, 
Petalidium,  SauHera,  SienosUphanus  and  Tetramerium).  Glossochilus  Bur- 
cheUii,  Nees,  which  belongs  to  the  Barlerieae,  has  the  double  cystoliths  charac- 
teristic of  this  group.  The  genus  Lasiocladus  {L,  acanthospermifolius,  Boj. 
and  L.  chloroirichos,  Boj.),  which  Bentham  and  Hooker  place  at  the  end  of 
the  Order  with  the  addition  of  a  query,  shows  afiftnity  with  the  Barlerieae  in 
having  double  cystoliths.  Petalidium  barlerioides,  Nees  and  SauHera  Decaisnei, 
Nees  (Tribe  Ruellieae)  have  fusiform  cystoliths;  in  Stenostephanus  lobe- 
liaeformis,  Nees  (Tribe  Justicieae)  the  cystoliths  show  a  longitudinal  arrange- 
ment, while  the  cystoliths  in  Tetramerium  nervosum,  Nees  (Tribe  Justicieae)  are 
elongated  and  either  pointed  at  one  end  or  rounded. 
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Molisch's  recent  investigations  on  the  blue-green  colouration  of  the 
cystoliths,  previously  observed  by  K.  Richter  and  A.  Weiss  in  species  of 
(xoldfussia  and  Sanchezia,  necessitate  the  addition  of  the  following  details. 
The  lithocysts  of  Sanchezia  nobtlis.  Hook.,  Strobilanthes  Dyerianus,  Hort. 
and  Goldfussia  anisophyUa^  Nees  contain  a  colourless  chromogen  (pseudo- 
indican)  which,  on  coming  in  contact  with  the  air  as  the  residt  of  injury  to  the 
cells  containing  it,  gives  rise  to  a  deep  blue-green  colouring-matter  which 
appears  on  the  surface  of  the  body  of  the  cystoUths  or  in  their  inmiediate 
neighbourhood.  On  the  other  hand,  the  greenish  coloration  shown  by  the 
cystoliths  of  Ruellia  ochroleuca,  when  seen  in  sections,  is  due  to  the  antho- 
cyanin  contained  in  the  surrounding  cells,  the  violet  colour  of  the  anthocyanin 
changing  to  green  in  contact  with  the  cystoliths  owing  to  their  alkaline  reaction. 

Dethan  and  Friedrich  have  recently  demonstrated  acicular  fibres  (raphi- 
dines,  see  p.  618)  in  a  large  number  of  additional  genera  and  species. 

These  species  are  as  follows :  Acanthopsis  horrida,  Nees,  Andrographis  pant- 
culata,  Nees,  Anisacanthus  virgularis,  Nees,  Aphelandra  aurantiaca,  Nees  and 
A,  Fascinator,  Lind.  et  Andr6,  Barleria  cristaia^  L.  and  B,  Prionotis,  L.,  Crossandra 
infundibuliformiSf  Nees  and  C.  undtUaefolia^  Salisb.,  Cystacanthus  turgida,  Nichols., 
Dianthera  pectaralis^  GmeL,  Dicliptera  acuminata,  Juss.,  Ecbolium  Linneanum,  Kurz, 
Eranthemum  sanguinol&ntum,  Veitch,  Fittonia  argyroneura,  Coem.,  Justicia  camea, 
lindl.  and  /•  Gendarussa,  Burm.,  Peristrophe  bicalyculata,  Nees,  Rhinacanthus 
communis,  Nees,  Ruellia  formosa,  Andr.  {Arrhostoxylum  formosum,  Nees),  Sanchezia 
nobilis.  Hook,  f.,  Sautiera  Decaisnei,  Nees. 

For  the  occurrence  of  steles  in  the  petiole  of  Acanthus  mollis,'  see  Bouygues, 
loc  dt. 

3.  Structure  of  the  Axis.  Dethan  has  recently  examined  the  structure 
of  the  cortex  in  certain  officinal  species.  The  cork  oevelops  in  the  epidermis 
in  Strobilanthes  caUosus,  Nees,  and  in  the  subepidermal  layer  of  cells  m  Cross- 
andra  undulaefolia,  Salisb.  and  Jacohinia  Mohintli,  Benth.  et  Hook.  The 
outer  portion  of  the  primary  cortex  is  frequently  differentiated  as  coUenchyma. 
In  Strobilanthes  callosus,  Nees  there  is  a  complete  subepidermal  layer  of  htho- 
cysts.  The  occurrence  of  fibrous  cells  in  the  coUenchyma  of  the  primary 
cortex  in  Ndsonia  campestris,  R.  Br.  and  Thyrsacanthus  nitidus,  Nees  recalls 
the  hypoderm  of  fibrous  cells  characteristic  of  Thunbergia.  Stone-cells  or 
slightly  sclerosed  parenchymatous  cells  have  been  observed  in  the  primary 
cortex  in  Dianthera  pectoralis,  Gmel.,  Jacobinia  Mohintli,  Benth.  et  Hook., 
Justicia  Gendarussa,  Burm.  and  Strobilanthes  callosus,  Nees.  The  species  of 
HygrophUa  are  distinguished  by  having  a  lacunar  cortex  with  wide  inter- 
cdlular  spaces.  In  If.  spinosa,  Anders,  the  walls  of  the  meshes  are  formed 
by  cells  having  a  particularly  characteristic  shape,  which  in  a  transverse 
section  of  the  branch  resembles  that  of  a  thigh-bone,  while  in  the  comers  of 
the  meshes  the  cells  are  generally  three-armed  and  likewise  have  swollen 
ends ;  these  cells,  moreover,  are  dovetailed  with  one  another  by  means  of 
the  imdulated  surfaces  of  their  walls.  In  most  of  the  species  the  pericycle 
contains  isolated  bast-fibres  or  groups  of  bast-fibres,  but  occasionally  primary 
hard  bast  is  absent.  In  the  latter  case  a  distinct  endodermis  is  sometimes 
{Barleria  cristata,  L.)  present.  Bast-fibres  and  acicular  fibres  are  of  frequent 
occurrence  in  the  secondary  bast. 

As  regards  the  occurrence  of  anomalous  structure  in  the  axis  (p.  620) 
we  may  note  that  Dethan's  statement  as  to  the  presence  of  intraxylary  phloem 
in  Justicia  Gendarussa,  Burm.  is  incorrect,  and  that,  according  to  Leisering,  in  the 
formation  of  the  interxylary  phloem  in  Thunbergia  coccinea,  Nees,  at  least, 
the  cambium  at  first  develops  nothing  but  thin-walled  parenchs^ma  on  its 
inner  side,  sieve-tubes  only  becoming  differentiated  in  this  parenchyma  in 
later  stages. 
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For  the  structure  of  the  terrestrial  roots  of  Acanthus  Hid f alius  (occurrence 
of  peculiar  thickening-plates,  traversed  by  slit-shaped  pits,  in  the  cortical 
parenchyma),  see  Karsten,  loc.  cit. 

litermtnre:  A.  Weiss,  Kalkoxalatm.  in  Acanthac,  Sitz.«Ber.  Wiener  Akad.,  xc,  Abt  i,  1884, 
pp.  79-90  and  Tab. — Gardiner,  Secret  hairs  of  Thunbergia  laurifolia^  Proceed.  Camluidge  PhU.  Soc., 
V,  iS§4,  pp.  184,  and  1887,  p.  83. — Karsten,  MangroveyegeUt,  BibL  hot,  Heft  aa,  i^i,  p.  5a — 
Dethan,  Acanthacta  m^.,  Th^  Paris,  1896  (a*  ^^  1897),  19a  pp.> — ^Ldaering,  Intmylibcs 
Leptom,  Diss.,  Berlin,  1899,  pp.  39-44.— Molisch,  Psendoindican,  Sttz.-Ber.  Wiener  Akad.,  cviii. 


bot.,  Heft  50,  190a,  pp.  45-50  and  lab.  ▼  ^Acanthm  uutjoitusy  L..;.— tsonygues,  reuoie,  inese, 
Paris,  ipoa,  p.  79.--Claaditz,  Blattanat  canar.  Gew.,  Diss.,  Basel,  190a,  pp.  10,  11  {AdkatotUy, — 
Col,  Fa&ceanz,  Ann.  sc.  nat.,  s^.  8,  t.  zx,  1904,  p.  159,  etc. — Viret,  Liaisons  dn  phlotee  mM.,  etc, 
Institut  de  Bot  Geneve,  1904,  pp.  7i-<>6  {^Acanthus  and  Ti^KifAfr^).— Haberlandt,  Lichtsiniies- 
organe,  1905,  pp.  107- 1 1  and  Tab.  iii. — Holm,  in  Americ.  Joom.  of  Pharm.,  1906,  p.  553  et  seq^ 
and  1907,  p.  51  et  seq.  {Ruellia  HHosd). — Holtermann,  Finflnss  d.  Klimas,  1907,  p.  a  16.— [Holm, 
Ruellia  and  Dianthtra^  Bot.  Gazette,  zUii,  1907,  pp.  308-39  and  pi  xi-xiii.] 

MYOPORINEAE  (pp.  624-628). 

Literature:  Boei^esen  og  Panlsen,  Veget.  dansk-vestind.  Oer,  Bot.  Tidsskrift,  xxii,  1898-9, 
pp.  a  I -3  {Bontia  daphnoides,  L.). 

SELAGINEAE  (pp.  628-630). 

The  epidermis  of  the  leaf  of  Globularia  salicina^  Lam.  consists  locally  of 
two  layers. 

Literature:    Latour,    Sini,   Thte,   Montpellier,   1894,  pp.  36-40  {GUhUariay  Alyputd)^ — 
Claudits,  Blattanat  canar.  Gew.,  Diss.,  Basel,  190a,  pp.  9,  10  ^Glcbuiaria  salicina.  Lam.,  spbidm. 

salicifolia), 

VERBENACEAE  (pp.  630-636). 

1.  Review  of  the  Anatomical  Features.  In  the  genera  Symphorema 
and  Congea  (Symphoremeae)  large  secretory  cells  occur  in  the  bast  and  primary 
cortex  of  the  branches.  Teijsmanniodendron  has  large  solitary  and  clustered 
crystals,  as  well  as  medullary  '  bundles  of  mestome.  Tufted  hairs  are  also 
found  in  Symphorema. 

2.  Structure  of  the  Leaf.  Van  Tieghem  has  recently  undertaken  a 
detailed  examination  of  the  structure  of  both  leaf  and  axis  (see  below)  in  the 
Syinphoremeae  and  Avicennieae.  The  following  details  are  abstracted  from 
his  investigations  and  the  remaining  new  literature.  According  to  Areschoug 
stomata  with  two  subsidiary  cells  placed  transversely  to  the  pore  are 
found  in  Avicennia  nitida,  Jacq. ;  stomata  having  three  neighbouring  cells 
occur  in  Teijsmanniodendron  bo^oriense,  Koord.,  and  stomata  with  several 
ordinary  neighbouring  cells  in  Lippia  Geisseana,  Solered.  According  to  Van 
Tieghem  the  many-layered  hypoderm  found  in  Avicennia  occupies  half  the 
thickness  of  the  leaf  in  A.  officinalis,  while  it  is  not  so  thick  in  the  two  species 
A,  nitidus  and  A.  tomentosus,  which  are  grouped  in  the  subgenus  Hilairanihus. 

1  This  paper  deals  with  species  of  the  following  genera :  AcanihuSf  Adkatoda,  Andrograpkis, 
Barleria^  BUpharis^  Cystacanthus^  Dianthera^  Dicliptera,  EcboliuMy  GrapiophyUutny  Nygropkila, 
Jacobimay  Justiciar  Nelsoniay  Rhinacanthus,  RueUia,  Rungia^  Strobilanthes,  Thwthergiay  Tkyrs- 
acanthus. 

'  This  investigation  deals  with  species  of  Acanthopsisy  Acanthus^  Adhatcda,  Anisatantkm, 
Aphelandra,  Barltria,  BUpharis^  Crossandray  DiaMtkerOy  Diclipteray  EnuUhemum^  FiitamiOy 
Geissonuriay  GlossochiluSy  Gymnostachvumy  Hemigraphisy  ffypoesteSy  Justiciay  Lasiocladusy  UhomU^ 
Ptrisirophey  PetaHdiumy  RhinacanthuSy  Ruelliay  RungiOy  SancAetia,  SautitrUy  Sienandrium, 
Stenostephanuiy  StroHlantkts y  Titrameriumy  TTiunbergia, 
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Three  vascular  bundles  enter  the  leaf  in  Avicennia^  as  well  as  in  Symphorema 
and  Congea.  In  the  petiole  of  Avicennia  they  form  a  median  bundle,  which  is 
closed  in  an  annular  manner,  and  a  few  small  cortical  bundles,  while  in  the*  petiole 
of  Symphorema  and  Congea  they  give  rise  to  a  large  arc  of  wood  and  bast." 

In  view  of  the  earlier  statement  as  to  the  absence  of  internal  glands  the 
demonstration  of  large  secretory  cells  in  the  bast  and  primary  cortex  of  the 
branches  in  Symphorema  and  Congea  (but  not  in  Sphenodesma)  by  Van  Tieghem 
is  very  noteworthy.  In  Lippia  Getsseana  and  (according  to  Quanjer)  siso 
in  Vitex  trifolia,  L.  oxalate  of  lime  is  found  in  the  mesopnyll  in  the  form  of 
small  clustered  crystals,  whilst  Teijsmanniodcndron  bogoriense  has  large 
solitary  crj^tals  in  the  cortical  parenchsmia  and  clustered  crystals  in  the 
tissue  of  the  pith.  Regarding  the  occurrence  of  sphaerocrystdline  masses 
in  the  epidermis  of  the  leaf  in  species  of  Campylostachys,  see  Knoblauch, 
loc.  cit. 

With  reference  to  the  hairy  covering  of  the  Verbenaceae  (p.  631  et  seq.) 
we  may  add  the  following  details.  Uniseriate  clothing  hairs  are  found  also 
in  Congea  tomentosa,  Roxb.,  while  tufted  hairs  with  unicellular  rays  occur 
in  Symphorema  involucratum,  Roxb.  According  to  Haberlandt  the  smsdl 
silicified  trichomes  inserted  in  the  outer  walls  of  tne  epidermal  cells  in  Peiraea 
volubilis  (Fig.  151,  A-B)  are  local  organs  for  the  perception  of  light ;  to  judge 
from  Koorders'  statements  similar  trichomes  appear  to  occur  also  in  Teijs- 
manniodendron.  Unicellular  cystolith-hairs  which  have  calcified  tips  and  in 
part  contain  cj^tolith-like  protuberances  (the  latter  occasionally  occurring 
m  the  subsidiary  cells  of  the  hairs  as  well)  are  present  also  in  Lippia  Geisseana, 
Glandular  hairs  with  imicellular  heads  are  found  also  in  Lippa  (L.  Geisseana, 
L.  saturejaefolia.  Mart,  et  Schauer,  L.  thymoides^  Mart,  et  Schauer)  and  in 
Lantana  macrophyUa,  Schauer  and  L.  involucrata,  L. ;  peltate  glandular  hairs, 
like  those  of  Avicennia^  &c.,  occur  also  in  Citharexylum  cinereum,  L.,  and 
vesicular  integumental  glands  resembling  those  of  the  Labiatae  also  in  Vitex 
trifolia,  L.  The  glandular  hairs  found  on  the  parts  of  the  flower  occasionally 
differ  from  those  present  on  the  vegetative  organs.  Thus  on  the  bracts  of 
Lippia  Geisseana  the  heads  of  the  glands  are  both  unicellular  and  composed 
of  a  small  number  of  cells  owing  to  vertical  division-walls,  whilst  on  the  clavate 
processes  of  the  anthers  they  show  a  still  larger  number  of  vertical  division- 
wdls.  An  even  more  striking  feature  lies  in  the  occurrence  of  external  glands 
with  elongated  ellipsoidal  or  tubular  heads  divided  both  by  horizontal  and 
verticsd  walls  on  the  processes  of  the  anthers  in  Tamonea  spicata,  Aubl.  and 
on  the  connectives  of  the  anthers  in  Casselia  integrifolia,  Nees  et  Mart.  We 
must  regard  these  external  glands  as  forming  exceptions  to  the  general  rule, 
since  the  glands  of  the  Verbenaceae  in  most  cases  have  heads,  which  are  either 
unicellular  or  divided  exclusively  by  vertical  walls  (see  Solereder,  loc.  cit., 
p.  627,  footnote  i). 

3.  Structure  of  the  Axis.  For  the  structure  of  the  stem  in  Lippia 
Geisseana,  a  Chilian  desert-plant  (having  radial  plates  of  sclerenchymatous 
fibres  corresponding  in  position  with  the  ribs  on  the  stem  and  palisade  tissue 
in  the  outer  part  of  the  cortex,  &c.),  see  Solereder,  loc.  cit. 

The  cork  develops  in  the  subepidermal  layer  of  cells  also  in  Avicennia, 
Symphorema  and  Congea,  In  the  species  of  Symphorema  and  Congea  men- 
tioned above  the  pericyde  contains  an  annular  zone  of  li^nified  fibres,  while 
in  Sphenodesma  unguiculata,  Schauer  it  includes  a  composite  and  continuous 
ring  of  sclerenchyma.  In  Symphorema  involucratum  the  secondary  bast  con- 
tains stone-cells,  and  in  Sphenodesma  unguiculata,  Schauer  bands  of  sclerosed 
cells.  Pitard  records  isolated  bundles  of  bast-fibres  in  the  pericycle  in  species 
of  Aegiphila,  Clerodendron,  Comuiia,  Oxer  a,  and  Verbena,  and  a  composite 
and  interrupted  ring  of  sclerenchyma  in  the  pericycle  in  Clerodendron  aculea- 
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turn,  C.  Bungei^  and  Vitex  agnus-castus.    The  vessels  have  scalarifcHin  per- 
forations also  in  TeijsmannioMndron  (Koorders). 

The  medullary  mestome-btindles  mentioned  above  as  occurring  in 
THjsmanniodendron  are  present  in  large  numbers  (about  25)  and  consist  of 
libriform  and  wood-parenchyma. 

Note,  Tot  the  anatomy  of  the  aerial  and  terrestrial  roots  of  A  vicennia  Umteniosa^ 
see  aisoW.  Brenner,  loo.  cit.;  regarding  Avicennia  niHda,  Jacq.,  see  Boergesen  and 
Paulsen,  loo.  dt 

Litermtnre :  Cottantiii,  Tiges  mir,  et  soot,  Ann.  sc.  nat,  s^.  6,  t.  xvi,  1883,  p.  ia5.^KusteQ, 
MangTove-Vegetat.,  Bibl.  hot,  Heft  22,  1891,  p.  50. — Knoblauch,  Okdlog.  Anat,  etc.,  Uabiiitat.- 
Schr.,  Tubingen,  1896,  p.  8  et  sea.--Schabert,  Pazenchymscheiden,  Bot  CentralbL,  1897,  iv,  p.  ao. — 
Solereder,  Buddleia  GHsstana,  BnlL  Herbier  Boiader,  1898,  pp.  633-9.— Van  Tiegfaem,  ATioen- 
niaoto  et  Svn^iliordmac^,  Jowrn.  de  Bot.,  1898,  pp.  345-65.»BoeT]^esen  o^  Panlsen,  Vcget. 
dansk-yestind.  Oer,  Bot  Tidnkr.,  xxU,  1898-9,  pp.  37-9  {Avicenma  nitiaa^  J>^0>  p-  100 
{Citharexyium  ctHereum,  L.)  and  p.  90  et  seq.  {LoHtama). — Keumv,  in  Contribot  U.  S.  Nat  Herb.,  t, 
n.  5,  1900,  p.  304  {Lippia  iMt^C^ra).— Thomas,  Feailles  sont..  These,  Paris,  1900.— Pitazd,  P^riqrde, 
Tli^,  Bonleaax,  i^i,  p.  88.  — Areschong,  MangroTepfl.,  Bibl.  bot,  Heft  56,  190a,  jm).  50-2  and 
Tab.  iv  and  vii  (^Avuenma  if*r^).— Bargagli-Petracci,  Legnami,  Bialpifhia,  190s,  p.  j^05  (Viteae). 
— Pendg,  Piante  acaroBle,  Malpighia,  190a,  p.  451  ifiithtirexylum),^^.  Brenner,  Laftwuseln  Ton 
Avuenma  (omsnUfsa,  Ber.  deutsoL  bot  Gesellsch.,  190a,  pp.  175-88  and  Tab.  vi-Tiit>-QnAnjer, 
Anatomiscb  Bonw,  etc.,  Natnnrkond.  VerhandeL  Haarlem,  tii,  5,  1903  {ViUx  irifolia), — ^Theorin, 
Viixttridiom.,  Arkiv  for  Bot,  i,  1903,  p.  156.— Unprong,  Dicbenwadi^tom,  Bot.  Zeit,  1904,  p.  19a 
et  sea.  {Tectona  grandU^  L.). — Col,  Faisceanx,  Ann.  sc  nat,  s^.  8,  t  zx,  1904,  pp.  118,  115^ — 
Kooraers,  Tiijsmcmniodendrimy  Ann.  Jaidin  Buitenxoig.  xix,  1904,  pp.  aa,  33. — ^Haberlandt, 
Lichtsinnesorgane,  1905,  pp.  73-5  and  Tab.  ii. — PicdoO,  Legnaini,  Bui.  Siena,  1906,  p.  150. — 
Holtermann,  £inflnss  des  Klimas,  1907,  pp.  31,  59  and  212. 

LABIATAE  (pp.  636-642). 

1.  Review  of  the  Anatomical  Features.  To  the  list  of  special  features 
we  may  add  the  occurrence  of  characteristic  secretory  cells  in  the  mesophyll 
of  Pogosiemon;  these  cells  are  differentiated  as  internal  (glandular)  hairs, 
being  provided  with  a  stalk  composed  of  a  small  number  of  cells  and  a  uni- 
cellvdar  vesicular  and  glandular  head  of  varying  shape. 

2.  Structure  of  the  Leaf.  To  p.  637  et  seq.  the  following  details  may 
be  added.  Small  clustered  crj^tals  of  oxalate  of  lime  have  recently  been 
recorded  also  by  Clauditz  in  Salvia  canariensis,  L.  A  noteworthy  feature 
from  the  systematic  point  of  view  is  the  occurrence  ^f  a  special  body  in  the 
form  of  Molisch's  scutellarin  in  all  the  species  of  ScuUUaria  which  have  be«i 
examined,  as  well  as  in  Galeopsis  Tetrahit^  L.  and  Teucrium  Chamaedrys,  L., 
while  the  investigation  of  certain  species  of  Ballota,  Brunella,  Glechoma^  Lamium, 
Leonurm,  Mentha^  Nepeta,  Teucrium,  and  Thymus  gave  a  negative  result ; 
the  chemical  composition  of  this  body  has  been  examined  in  detail  by  Gold- 
schmiedt.  The  chief  seat  of  the  scutdlarin  is  in  the  epidermis  of  the  leaf  and 
especially  in  the  lower  epidermis.  On  treating  sections  with  a  10  %  solution 
of  hydrochloric  acid  the  scutellarin  crystallizes  out  in  the  form  of  sphaerites 
or  01  needles,  which  are  grouped  in  a  tufted  or  stellate  manner.  Hoarding 
the  occurrence  of  masses,  which  resemble  sphaerites  and  show  similarity  with 
hesperidin,  in  the  mesophyll  of  Hyssopus  officinalis^  see  Timmaniiy  loc.  dt. 
I  observed  the  above-mentioned  secretory  cells,  which  are  differentiated  as 
internal  glandular  hairs,  in  the  Patchouli-drug,  which  is  derived  from  the 
leaves  of  Pogosiemon  Pcichouli,  Pellet,  as  well  as  in  the  cortical  tissues  of  the 
same  plant.  In  the  leaf  these  secretory  cells  belong  to  the  mesophyll; 
they  are  intercalated  between  the  cells  of  the  palisade  and  spongy  tissues, 
frequently  projecting  into  the  intercellular  spaces.  They  have  a  short 
stalk,  which  is  composed  for  the  most  part  of  two  or  three  low  cells 
with  suberized  walls  and  forms  the  means  of  attachment  to  the  cells  of  the 
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mesophyU,  and  a  variously  shaped  uniceDular  head ;  the  latter  is  either  sac- 
shaped  or  lobed,  and  shows  a  cuticularized  membrane,  which  is  raised  above 
the  cellulose-membrane  like  a  bladder,  in  the  same  way  as  in  the  rather  large 
vesicular  integumental  glands  with  a  unicellular  head  found  on  the  surface 
of  the  leaf ;  the  resinous  or  oily  secretion  is  soluble  in  alcohol  and  fills  both 
the  space  between  the  cellulose-  and  suberized  membranes  and  the  lumen 
of  the  head-cell. 

Clauditz  has  demonstrated  branched  hairs  also  in  Sideritis  {Leucophaif, 
Webb).  The  vesicular  integumental  glands  in  some  cases  (Pogostemon)  merely 
have  a  relatively  large  imicellular  head. 

For  the  occurrence  of  steles  in  the  petiole  of  Phlomis  Russeliana,  see 
Bouygues,  loc.  cit. 

Literature:  Paschkis,  Minder  bek.  Blatter,  Zeitschr.  osterreich.  Apotheker-Ver.,  1879,  P*  4^5 
et  seq.  {Pogostemon). — Costantin,  Tiges  a^r.  et  sout,  Ann.  tc  nat,  s^r.  o,  t  zvi,  1883,  p.  113  et  seq. 
— Costantin,  Tiges  d.  pi.  aqnat.,  Ann.  sc.  nat,  s^r.  6,  t.  xiz,  188^,  p.  387  et  seq.  and  pL  xv.^Jost, 
Zerklttftnng  ein&.  Rhiz.  n.  Wnrz.,  Bot  Zeit»  1890,  p.  501  (5aArM).— [Tognini,  Stomi,  Atti  1st  bot 
PaTia,  1894.]— Spanjer,  Wasserapparate,  Bot.  Zeit,  1898,  i,  p.  50. — Hirsch,  Entwickl.  d.  Haare, 
Diss.,  Berlin,  1899,  p.  19  et  seq. — Kearny,  in  Contrib.  U.  S.  Nat  Herb.,  ▼,  n.  5,  1900,  p.  297 
(Testcrium  Nashii,  Kearny). — Tmunann,  Sekretdriisen,  Diss.,  Bern,  1900,  pp.  38-43.— Molisch  u. 
Goldschmiedt,  Scntellarin,  Sit£.-Ber.  Wiener   Akad.,  ex,  Abt.  i,  1901,  espeoally  pp.  185-9.— 


Petersen,  Vedanatomi,  1901,  p.  84. — ^Pitard,  P^riqrde,  Thte,  Bordosinz,  1901,  p.  38. — Boaygoes, 
Petiole,  Th^,  Paris,  190a,  p.  75. — Clauditz,  Blattanat  canar.  Gew.,  Diss.,  fiasel,  190a,  pp.  16,  17 
and  48,  49  {Leucophae^  Micromeria^  Salvid). — [Armari,  Piante  della  reg.  medit,  Ann.  di.  Bot,  i, 


[903,  p.  17  et  sea.  (Phlomis,  TI^mmj).]— Theonn,  Vaxttrichom.,  Arkiv  tot  Bot.,  i,  190J,  p.  156. — 
i:!ol,  Faisceanz,  Ann.  s&  nat.,  s^r.  8,  t  xz,  T904,  p.  118. — Freidenfeldt,  Anat  Ban  d.  Wnrzel,  Bibl. 
bot.  Heft  61,  1904,  pp.  69-71. — Siissengnth,  Behaanrngsverh.  d.  Wiirzb.  Muschelkalkpfl.,  Diss., 
Wiirsbnrg,  1904,  pp.  47-50.— Sarton,  Anat  d.  pi.  affines,  Ann.  sc.  nat.,  s^r.  9,  t  ii,  1905,  pp.  79-85, 
86-93,  ioi-i04(i4;i^,  Calamin/ka,  Caleofsis,Lava»tdula^  Teucrium), — Dauphin^,  Rhizomes,  Ann. 
sc.  nat,  s6r.  9,  t  iii,  1906,  pp.  360  and  362  et  seq.— Picdoli,  Legnami,  BnlL  Siena,  1906,  p.  141. — 
[Tunmann,  Hyssopus  officinalis ^litsiXxf^,  allg.  osterreich.  Apoth.-Ver.,  1906,  n.  30-33;  abstr.  in  Bot 
CentralbL,  dr,  p.  63.] — [Borde,  Rech.  histochim.  sor  les  Labite  astringentes,  Toulouse,  1907.] — 
Solereder,  Die  inneren  haarart.  Sekretdriisen  des  Patschuliblattes,  Archiv  d.  Pharm.,  245,  1907, 
pp.  406-9.— [For  further  literature,  see  p.  1170.] 

PLANTAGINEAE  (pp.  642-644). 

In  the  first  place  we  may  add  the  following  details  to  the  section  dealing 
with  The  Structure  of  the  Leaf  on  the  basis  of  Pilger's  recent  investiga- 
tions on  the  anatomy  of  the  species  of  Plantago.  The  leaves  are  for  the  most 
part  centric  in  structure ;  they  either  have  palisade  tissue  on  both  sides  and 
spongy  tissue  in  the  middle,  or  the  mesophyll  consists  of  palisade  tissue  only  ; 
in  many  cases,  moreover,  it  is  homogeneous,  being  composed  of  imiform 
assimilatory  tissue  with  rounded  cells.  In  all  the  species  the  stomata  are 
situated  on  both  surfaces  of  the  leaf.  The  vascular  bimdles  of  the  veins  are 
invariably  provided  with  sderenchjonatous  layers  on  their  upper  and  lower 
side  or  are  surrounded  by  a  ring  of  sclerenchjona  ;  in  their  course  through  the 
petiole  they  are  distinct  from  one  another.  A  type  of  clothing  hair,  which  is 
specidly  noteworthy  from  the  systematic  point  of  view,  is  constituted  by 
trichomes  having  a  short  stalk-cell,  which  is  seated  on  an  epidermal  ceD  as  base, 
and  a  long  flagelliform  terminal  cell  with  thick  walls.  These  clothing  hairs, 
which  have  already  previously  been  recorded  in  Plantago  arctica^  are  charac- 
teristic of  the  perennial  species  of  the  section  Oreades^  Decne.,  and  of  the  species 
of  the  sections  Arnoglossum^  Decne.  and  LeucopsyUiunty  Decne.  The  flagelli- 
form trichomes  of  Plantago  Bismarckii^  NiederL  (section  BismarckiophyUm^ 
Harms)  dififer  to  a  slight  extent  in  the  fact  that  the  basal  cell,  which  projects 
above  the  level  of  the  leaf,  is  divided  by  a  wall  nmning  paralld  to  the  surface. 
Another  type  of  trichome  is  found  in  the  species  of  the  subgenus  Psyllium, 
Harms  (e.g.  Plantago  mauritanica)  in  the  form  of  papillose  hairs ;  these  consist 
of  a  lai^e  thick-walled  cell,  which  is  seated  on  several  epidermal  cells  and  is 
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arched  outwards.  Glandular  hairs  occur  only  in  species  of  the  subgenus 
PsyUiumy  Harms.  Pilger  remarks  upon  them  as  follows :  *  One  finds  either 
multicellular  sessile  gknds,  or  a  multicellular  head  inserted  on  a  delicate 
unicellular  stalk,  or  a  unicellular  head  on  a  multicellular  stalk ;  in  the  latter 
case  one  or  two  of  the  cells  below  the  head  have  thin  walls,  while  the  epidermal 
cell  and  the  first  few  cells  of  the  hair  are  broadened  and  have  thickened  walls.' 

As  regards  The  Axis  of  the  genus  Plantago  (p.  644)  we  may  note  in  the 
first  place  that  certain  differences  in  structure  go  hand  in  hand  with  the  varied 
morpholoe;ical  nature  of  the  stem,  which  is  differentiated  either  as  a  rhizome 
or  as  a  subaerial  axis.  The  earlier  statement  as  to  the  absence  of  mednllaiy 
rays  must  be  limited  in  the  sense  that  there  are  no  secondary  medullary- ra}^. 
The  xylem-ring  shows  interruptions,  which  are  of  primary  origin  (primary 
medullary  rays),  although  they  are  not  to  be  found  in  every  transverse  section  ; 
the  parenchyma  composing  these  rays,  or  at  least  some  of  it,  often  becomes 
hgnified.  In  the  annual  species  belonging  to  the  subgenus  Psyllium  a  typical 
multiseriate  ring  of  bast-nbres  is  generally  developed  in  the  pericycle  on  the 
inner  side  of  the  endodermis,  which  is  devoid  01  chlorophyll ;  to  judge  by 
Reiche's  statements  the  same  is  the  case  in  Plantago  Femandezia^  Bert.  In 
other  cases  typical  hard  bast  appears  to  be  wanting,  and  it  is  only  in  certain 
species  of  the  section  Leucopsyllium  (e.g.  Plantago  albicans)^  m  Plantago 
Bismarckiiy  Niederl.,  P.princeps^  Cham,  et  Schlecht.  and  in  certain  shrubby 
species  of  the  subgenus  Psyllium  (e.g.  Plantago  sinaica.  Bam.)  that  one  meets 
with  sclerenchjonatous  elements  at  the  outer  limit  of  the  bast ;  these  elements 
are  probably  for  the  most  part  parench3miatous,  being  differentiated  from  the 
outermost  portion  of  the  soft  bast.  In  those  species,  which  have  a  thick  mass 
of  wood,  the  phloem  is  feebly  developed.  In  the  fleshy  rhizomes  there  are  long 
rows  of  cambiform  cells,  the  outer  layers  of  which  show  collenchymatous 
thickening.  The  tissue  of  the  pith  either  persists  as  thin-walled  parenchyma 
or  (in  the  shrubby  species)  becomes  lignified ;  the  cells  occasionally  bear  large 
pits.  Medullary  cambiform-bundles  occur  chiefly  in  the  fleshy  rhizomes  of 
the  species  belonging  to  the  section  Polyneuron,  Decne.  (exceptions  :  Plantago 
palmata^  P,  cordata^  Lam.,  &c.),  although  they  are  sometimes  found  also  in 
species  of  the  section  Heptaneuron,  Decne.,  and  in  Plantago  princeps^  Cham. 
et  Schlecht.,  which  together  with  P.  Femandezia^  Bert,  (which  is  distinguished 
by  having  medullary  and  cortical  bimdles,  see  p.  644)  constitutes  the  section 
DendriopsyUiumy  Decne.  In  Plantago  CorntUiy  6ouan  there  are  all  transitions 
between  these  medullary  bundles  and  true  vascular  bundles ;  the  latter  are 
recorded  by  Pilger  also  in  P.  princeps.  Groups  of  stone-cells  are  found  in 
the  pith  of  the  fleshy  rhizomes  of  species  belonging  to  the  section  Oreades^ 
Decne.  and  in  the  pith  and  primary  cortex  of  the  fleshy  rhizomes  of  species  of 
the  section  Arnoglossumy  Decne.  (also  in  the  annual  species  Plantago  Lagopus, 
P.  lusitanicay  Willd.,  &c.). 

We  may  finally  mention  a  phenomenon,  which  has  been  observed  in  a  few 
species  of  the  section  Oreades  (e.g.  Plantago  saxatiliSy  Bieberst.)  and  in  PlafUago 
aipinay  L.  (section  CoronopuSy  Decne.) ;  in  these  forms  the  rhizome  splits  up  into 
several  large  bimdles  owing  to  the  formation  of  medullary  cork,  which  enters 
into  connexion  with  the  outer  periderm  by  way  of  the  primary  medulLa^ 
rays  (for  details,  see  Pilger,  loc.  cit.).  We  may  also  add  a  statement  of  Reiche, 
which  was  overlooked  in  the  earUer  part  of  this  work,  and  according  to  which 
abimdant  *  crystals  '  are  present  in  the  pith  of  Plantago  Femandezia. 

The  flowering  scapes  of  Plantago  show  a  more  or  less  developed  ring  of  bast- 
fibres  adjoining  ^e  ring  of  vascular  bundles,  while  on  the  outer  side  of  the  ring  of 
fibres  there  is  an  endodermis  which  does  not  contain  any  chlorophylL  Numerous 
strands  of  sieve-tubes  are  found  between  the  vascular  bundles  being  situated  at 
the  limit  of  the  pith  and  the  ring  of  bast-fibres. 
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Literature:  Cottantin,  Tiges  tAt,  et  sont,  Ann.  sc  nat.,  s^r.  6,  t  zvi,  1883,  p.  124  et  leq. — 
Scfanbert,  Parenchymscheiden,  Bot.  Centralbl.,  1897,  vr,  p.  62.~Pilger,  VergL  Anat  d.  Gatt 
PianiagOy  in  Engler,  Bot.  Jahrb.,  zxv,  1898,  pp.  296-351. — Minden,  Wassersez.  Org.,  Bibl.  bot, 
Heft  46, 1809,  p.  18  {Littareila),—SwwahaxiA,  Vegeut.  Neu-Amsterdams  a.  St.  Pauls,  Diss.,  Basel, 
1 901,  pp.  a&-9  iPlaniago  Stauntoni,  Reichenb.^). 

NYCTAGINEAE  (pp.  645-649). 

2.  Structure  of  the  Leaf.  The  following  details  are  taken  from 
Heimerrs  and  Gidon's  recent  investigations.  The  leaves  show  centric  structure, 
for  example,  in  Bougainvillea  patagonicay  Decne.,  Phaeoptilon  spinosum,  RadUc. 
and  Abromia  umbeUata^  Lam.  In  Boerhaavia  viscosa.  Lag.  et  Rodr.  the  cells 
of  the  palisade  tissue  are  provided  with  short  processes,  which  are  sharply 
demarcated  from  the  cell  proper  and  form  the  means  of  connexion  between 
the  cells ;  similar  short  processes  are  foimd  also  on  the  cells  of  the  spongy 
tissue  in  this  species,  and  altogether  appear  to  be  of  rather  frequent  occurrence 
on  the  cells  of  the  leaf-tissue  in  the  Nyctagineae  {Bougainvillea  spectabilis^ 
Willd.,  Oxybaphus  viscosus,  L'H^rit.,  &c.).  In  Boerhaavia  viscosa  the  vascular 
bundles  of  the  smaller  veins  are  surrounded  by  a  sheath  of  large  parench5mia- 
tous  cells,  which  is  only  interrupted  opposite  the  bast,  while  the  sheaths  of 
the  larger  veins  are  less  complete  ;  a  weakly  developed  sheath  of  large  paren- 
chjonatous  cells  has  been  recorded  also  in  BougainviUea  spectabiliSy  and  a 
distinctly  differentiated  sheath  in  Phaeoptilum  spinosum.  In  Bougainvillea 
patagonica^  Boerhaavia  viscosa  and  Phaeoptilum  spinosum  the  stomata  are 
found  on  both  surfaces  of  the  leaf.  The  last  of  these  species  has  a  hypoderm 
of  large  cells  with  rather  thick  walls  beneath  the  epidermis.  According  to 
Heimerl  imiseriate  trichomes  with  a  swollen,  vesicular  terminal  cell,  which 
has  a  rather  thick  stratified  wall,  so  that  the  amount  of  secretion  is  insignificant, 
are  very  widely  distributed  in  the  species  of  Bougainvillea.  The  same  author 
also  records  small  uniseriate  trichomes  with  a  few  short  stalk-ceUs  and  a  clavate 
or  vesicular  terminal  cell,  which  sometimes  has  thick  stratified  walls,  in 
Bougainvillea  paiagonica ;  these  hairs  occasionally  bear  lateral  vesicular  cells 
in  addition  to  the  terminal  one,  and  thus  approximate  to  the  branched  hairs 
with  a  glandular  function,  previously  described  in  Pisonia  tomeniosa  (see 
Fig.  154,  S,  p.  646).  The  deposits  of  oxalate  of  lime  in  this  Order  appear  not 
imcommonly  to  assume  diverse  crystalline  forms  in  one  and  the  same  organ 
(see  the  earUer  statements  regarding  Pisonia  nitida).  In  species  of  Bougain- 
villea Heimerl  observed  the  foDowing  types  occurring  side  by  side  :  raphide- 
sacs  of  varied  size  and  differentiation,  short  sacs  containing  a  large  number 
of  delicate  needles,  sacs  with  distinct  prismatic  oystals,  &c.  In  the  veins 
of  the  leaf  of  Phaeoptilum  sfinosum  short  prismatic  crystals  are  foimd  side  by 
side  with  bundles  of  raphiaes.  Elongated  styloids,  traversing  the  mesophyll 
at  right  angles  to  the  surface  of  the  leaf,  are  characteristic  of  BougainviUea 
modesta,  Heimerl,  and  B,  stipitaia^  Griseb. 

For  the  arrangement  of  the  vascular  bundles  in  the  median  vein  and  their 
course,  see  Gidon,  loc.  cit. 

Literature:  [Ormandy,  Schlauchgef.  v.  Afiradt/is,  Koloszrar,  1881,  31  pp.  (Hongarian).]— 
Gidon,  Appareil  conducteur  dans  la  tige  et  dans  la  fenille  des  Nyctagin.,  Th&,  Caen,  1900,  lao  pp., 
pL  i-Ti;  see  also  M^tn.  Soc  Linn,  de  Normandie,  xx,  1900.— Heimerl,  Monogr.  d.  Nyctagin.,  i 
{BougainoilUay  Phoio^um,  ColigHoma)^  Denkschr.  Wiener  Akad.,  Ixz,  1901,  p.  97  et  seq. — 
[Riessner,  Bdtr.  s.  Anat  d.  Bl.  mancher  Nyctagin.,  Societas  historico-natnralis  croatica,  zii,  15)01, 
pp.  1-24,  3  Tab.  (Croatian) ;  abstr.  in  Bot.  Centralbl,  Ixxaiz,  pp.  146  and  357.] 


^  The  statements  in  this  paper  as  to  the  occurrence  of  crystals  of  carbonate  of  lime  in  the  axis  of 
the  inflorescence  and  in  the  mesophyll  are  no  donbt  mcorrect. 

SOLSRBDBft  3   ^ 
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ILLECEBRACEAE  (pp.  649-651). 

To  the  first  paragraph  which  summarizes  the  Anatomical  Features 
OF  THE  Order  we  may  add  the  following  detaik.  Pericydic  development  of 
the  cork  has  been  observed  in  the  axis  of  Gymnocarpos^  aabrosia^  and  Sclcran- 
thus.  Stomata  conforming  to  the  Caryophylleous  type  occur  also  in  Habrosia, 
Branched  hairs  are  found  also  in  Achyronychia^  ana  uniseriate  glandular  hairs 
with  a  unicellular  head  also  in  Habrosia.  Masses  of  crystal-sand,  similar  to 
those  found  in  Gymnocarpos^  are  present  also  in  Habrosia  and  Dysphania, 
Lastly,  anomalous  structure  of  the  vascular  system  (successive  rin^  of  growth) 
has  been  observed  also  in  the  axis  of  Cometes^  and  in  the  root  m  species  of 
Acanthonychia  (Pentacaena),  Achyronychia,  ComcUs^  Corrigiola^  Dysphania^ 
Haya,  and  PoUichia, 

The  Structure  of  the  Leaf  (as  well  as  that  of  the  axis)  has  recently 
been  examined  especially  by  J5sting  and  Liiders,  their  investigations  dealing 
with  species  of  luecebrum^  Acanthonychia  (Pentacaena\  Dysphania^  PoUichia^ 
Hay  a,  Achyronychia^  Paronychia^  Herniaria^  Siphonychia,  Anychia^  Corrigiola^ 
Gymnocarpos,  ScUrocephalus^  PteranthuSy  Cometes,  Dichcranihus^  Scleranthus 
and  Habrosia,  The  structure  of  the  leaf  is  centric,  more  rarely  (Siphonychia) 
bifacial ;  according  to  Jdsting  distinct  palisade  tissue  is  more  conmionly 
developed  than  Liiders'  recent  statements  lead  one  to  suppose.  Stomata 
of  the  Caryophylleous  type  are  found  also  in  Habrosia  spinultftora,  Fenzl,  while 
in  Siphonychia  americana,  Torr.  only  some  of  the  stomata  are  surrounded  by 
distinct  subsidiary  cells  of  relatively  small  size.  In  the  remaining  members 
of  the  Order  subsidiary  cells  are  wanting.  In  Habrosia  sinnuliflora  the  stomata 
on  the  leaf  show  the  same  arrangement  as  in  Scleranthus ;  the  same  feature 
has  been  observed  also  in  Anychia  dichotomai  Michx.  and  Gymnocarpos  fruH- 
cosunty  Pers.  (=  G.  decandrum^  Forsk.).  Deeply  simk  stomata  are  found  also 
in  Pteranthus  echinatus.  In  the  species  examined  bv  Liiders  the  stomata  are 
always  present  on  both  surfaces  of  the  leaf.  The  epidermal  cells  in  the  sp^es 
investigated  by  Josting  are  of  large  size  in  all  the  members  of  the  Tribes 
PolUchieae  and  Paronycnieae  (with  the  exception  of  Paronychia  serpyllifolia^  DC. 
and  Herniaria  glabra,  L.),  as  well  as  in  Cometes  abyssinica,  R.  Br. ;  Pteranthus 
echinatus  has  hi^h  epidermal  cells,  whilst  the  cells  of  the  epidermis  are  unusually 
large  in  Habrosia  spinuliflora  and  Scleranthus  perennis,  L.  Strong  punctation 
of  the  cuticle  is  characteristic  of  Illecebrum  (Liiders),  while  in  other  cases  a  slight 
punctation  or  striation  may  be  observed.  Papillae  are  found  at  the  margin 
of  the  leaf  and  beneath  the  veins  in  species  of  the  genera  Achyronychia^  Anychia^ 
Cometes,  Corrigiola,  Habrosia,  PoUichia  and  Scleranthus,  In  Cometes  abyssinica, 
Dicheranthus  plocamoides,  Webb,  and  Pteranthus  echinatus  the  epidermis  is 
covered  by  a  thick  deposit  of  wax.  The  vascular  bundles  of  the  veins  are 
occasionally  accompanied  by  sderenchjona  (species  of  Acanthonychia,  Habrosia, 
Paronychia,  PoUichia,  Scleranthus,  &c.). 

Unicellular  clothing  hairs  have  been  observed  also  in  Siphonychia,  and 
imJseriate  hairs  also  in  Habrosia ;  transitional  forms  between  unicellular 
trichomes  and  richly  branched  multicellular  hairs  have  been  foimd  in  Achyro- 
nychia  Parryi,  Hemsl.  The  different  parts  of  the  stem  in  Cometes  abyssinica 
bear  peculiar  uniseriate  trichomes,  consisting  of  a  large  and  broad  barrel- 
shaped  basal  cell,  foDowed  by  four  further  cells,  which  show  a  successive 
decrease  in  size,  and  ending  in  a  pjrriform  terminal  cell ;  the  trichomes  found 
on  the  surface  of  the  leaf,  on  the  other  hand,  are  reduced  to  the  pyriform  cells, 
which  bear  scattered  grains  of  wax.  Glandular  hairs  with  a  uniseriate  stalk  and 
a  unicellular  spherical  secretory  head  are  present  also  in  Habrosia  spinuliflora. 
Clustered  crystals  of  oxalate  of  lime  are  widely  distributed  both  m  the  leaf 
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and  axis.  A  feature  deserving  mention  is  the  occurrence  of  rows  of  clustered 
crystals  at  the  margin  of  the  leaf  in  Anychia  dichotoma,  Michx.  and  Habrosia 
sptnuliflora.  The  characteristic  masses  of  crystal-sand  have  also  been  foimd 
by  Josting  in  Habrosia  spinuliflora  (in  the  axis  and  leaf)  and  by  Liiders  in 
Dysphania. 

We  may  now  consider  the  Structure  of  the  Axis.  In  most  of  the 
species  the  vascular  bundles  imite  to  form  a  ring,  but  in  Corrigiola  capensis^ 
Willd.  the  transverse  section  of  the  stem  shows  six  isolated  bundles,  which 
are  alternately  large  and  small  and  are  arranged  in  a  single  ring.  As 
regards  the  structure  of  the  wood  we  may  first  note  that  Josting  likewise 
failed  to  observe  t5^ical  medullary  rays  in  any  of  the  species.  The  vessels 
invariably  have  simple  perforations.  In  almost  all  the  members  of  the  PoUi- 
chieae,  Paronychieae  and  Sclerantheae,  which  have  been  examined,  the 
wood-prosenchjona  bears  bordered  pits ;  the  only  exceptions  are  Herniaria 
glabra,  L.,  in  which  Josting  did  not  find  any  lignined  wood-fibres  whatsoever, 
and  Achyronychia  Parryi,  Hemsl.,  in  which  the  wood-fibres  are  not  pitted. 
The  relative  numbers  of  vessels  and  wood-fibres  participating  in  the  formation 
of  the  wood  are  subject  to  variation.  An  endodermis  composed  of  large  cells 
is  developed  in  very  many  members  of  the  Order.  The  sclerenchjona  in  the 
pericycle  for  the  most  part  forms  a  closed  stren^hening  ring  consisting  of 
from  one  to  five  layers  of  fibrous  cells ;  in  the  thicker  parts  of  the  axis  this 
ring  may  become  burst  open.  In  Corrigiola  capensis  the  pericycle  contains 
isolated  groups  of  fibres  only,  while  in  PteratUhus  echinatus  the  gaps  in  the 
sclerenchymatous  pericycle  are  closed  by  sclerosed  parenchyma.  On  the 
inner  side  of  the  pericyclic  sclerenchjona  one  occasionally  meets  with  paren- 
chymatous tissue  belonging  to  the  pericycle,  and  in  lUecebrum  verticiUatum^  L. 
this  tissue  consists  of  remarkably  large  cells ;  within  the  parench3anatous 
pericycle  lies  the  soft  bast,  which  shows  collench3anatous  differentiation  in 
many  of  the  species.  Subepidermal  development  of  the  cork  has  been  observed 
also  in  Anychia  (according  to  Regnault),  Herniaria  glabra  and  Paronychia 
serpyUifolia,  while  the  origin  of  the  cork  is  pericyclic  in  Gymnocarpos  fruti- 
cosuMy  Habrosia  spinuliflora  and  Sderanlhus  perennis.  In  many  members  of 
the  Order  there  is  a  cavity  in  the  pith. 

Anomalous  structure  of  the  vascular  S3rstem,  consisting  in  the  formation 
of  concentric  rings  of  vascular  bundles,  is  found  also  in  the  axis  of  Cometes 
(according  to  Liiders),  in  the  root  of  Achyronychia  Parryi,  A.  Gray,  Corrigiola 
capensis,  Willd.  and  PoUichia  campestris,  Sol.  (according  to  Josting),  and  in 
the  more  strongly  developed  roots  of  certain  unnamed  species  of  Acanthonychia 
(Pentacaena),  Cometes,  Dysphania  and  Haya  (according  to  Liiders). 

Literature:  Christ,  Laubblattstengel  der  CaryophylUnen  u.  Saxifrageen,  Diss.,  Marbaiig,  1887, 
pp.  60-8. — W.  Meyer,  Beitr.  z.  TergL  Anat.  d.  Caryophyllaoeen  a.  Pnmnlaceen,  Diss.,  Gottingen, 
I  §90,  pp.  30-41. — [Parmentier,  Gnavelles  de  France,  Amu  Soc.  hot.  Lyon,  xziv,  1899,  P*  ^3 
{Scferanihus),'] — Josting,  Anat  d.  Sperguleen,  Polycarpecn,  Paronychieen,  Sclerantheen  u.  Pteran- 
theen,  Beih.  x.  Bot.  Centimlbl..  xii,  1902,  pp.  149-56, 159-62, 163  and  171  etse<^,  also  Tab.  ii[or4]. — 
H.  Liiders,  Untersuch.  iiber  d.  Caryophyllaceen  mit  cdnfachem  Diagramm,  Diss.,  Erlangen,  1906, 
pp.  33-8 ;  sep.  copy  from  Engler,  Bot.  Jahrb.,  xl. 

AMARANTACEAE  (pp.  651-655). 

2.  Structure  of  the  Leaf.  Capitate  hairs  with  a  uniseriate  stalk  com- 
posed of  a  small  number  of  cells  and  a  tubular  unicellular  head  are  found  also 
in  Iresine  (/.  spiculigera,  Seub.).  Uniseriate  clothing  hairs  having  pointed 
ends  and  consisting  of  several  short  basal  cells  and  one  or  more  longer  terminal 
cells,  which  are  either  smooth  or  papillose,  occur  also  in  species  of  Gomphrena. 
Froelichia  tomentosa,  Moq.  has  uniseriate  clothing  hairs  composed  of  a  basal 
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cell  which  is  differentiated  as  a  pedestal  and  is  followed  by  two  or  three  short 
and  narrow  cells,  and  a  longer  pointed  terminal  cell  (Seubert). 

litetBture :  Seabert,  in  Martiiis,  Flora  biasiL,  ▼,  i,  1875,  '^^^  5^  ^  ieq.~>Tnxiet,  liaisons  dn 
plilo^e  m6d.  etc.,  Insdtnt  bot.  de  Gen^e,  1904,  pp.  18-35  {Ac^^ratUkes). 

CHENOPODIACEAE  (pp.  655-663). 

1.  To  the  Review  of  the  Anatomical  Features  we  may  add  that 
unicellular  hairs  occur  in  this  Order,  but  are  only  very  rarely  found  {Salsola). 

2.  The  Structure  of  the  Leaf  has  recently  been  examined  especially 
by  MontellS  and  further  statements  will  also  be  found  in  Solms-Laubach's 
work  (loc.  cit.).  The  structure  of  the  mesophyll  in  Kirilowia  eriantha,  Bunge 
(Tribe  Camphorosmeae)  conforms  to  the  second  of  the  special  types  mentioned 
in  the  earlier  part  of  this  work,  while  Camphorosma  monspeliacum,  L.  belongs 
to  the  third  type  (Montell).  According  to  Montell,  however,  ordinary  types 
of  leaf-structure  are  also  found  in  the  Order,  e.g. :  bifacial  structure  with  one 
or  more  layers  of  palisade  tissue  on  the  upper  and  rather  dense  spongy  tissue 
on  the  lower  side  (species  of  AnthocUamys^  jBeta,  Chcnopodium^  Spinacia^  &c.) ; 
a  homogeneous  mesophyll  composed  of  rounded  cells  (Axyris  hybrida^  L.) ; 
centric  structure  with  one  or  more  vascular  bundles  occupying  a  central 
p<^tion  and  a  sheath  of  one  or  more  layers  of  palisade  tissue  beneath  the 
epidermis  (Lophiocarpus  polystackyusy  Turcz.,  Kochia  hirsuta^  Nolte)  or  centric 
structure  with  a  mesophyll  formed  entirely  by  short  palisade-cells  {Beta 
fnaritima,  L.). 

The  following  details  are  taken  from  Solms-Laubach's  investigations.  In  some 
of  the  species  of  Suasda  (5.  ForskaHi^  Sohns,  5.  prutnosa,  Lge.  and  5.  vermiculata, 
Forsk.)  as  well  as  in  Schanfinia  baccata,  Moq.  and  5.  horiensis,  Moq.  the  arc- 
shaped  vascular  system,  which  occupies  a  central  position,  is  enveloped  from 
within  outwards  by  the  following  sequence  of  tissues:  (a)  first  by  aqueous  tissue ; 
then  (6)  by  a  sheath  of  collecting  cells  ;  and  {c)  finally  by  a  single  layer  of  palisade 
tissue  situated  beneath  the  epidermis.  In  other  species  of  Suaeda  (5.  alHssima^ 
Pall.,  5.  fruticosa,  L.,  S.  marittma,  L.,  S.  physophora.  Pall.,  5.  salsa,  PalL,  5.  setigera, 
DC.),  on  the  other  hand,  there  is  nothing  but  palisade  tissue  (comprising  several 
layers  of  cells  in  the  radial  direction)  between  the  epidermis  ana  the  vascular 
network.  The  same  structure  of  the  leaf,  as  is  figured  m  Fig.  158,  B  (p.  656)  after 
Volkens  for  a  plant  described  as  Salsola  longifolia,  Forsk.,  but  consider^  by  Solms 
to  belong  to  5.  Sieberi,  Presl,  is  found  according  to  the  latter  authority  also  in 
Salsola  optositifolia,  Desf.,  5.  Schweinfurthii,  Solms,  5.  Utragona,  Delile,  5.  ver- 
miculata,  L.,  Halogeton  alopecuroides,  Moq.,  Traganum  nudalum,  Delile  and  Sevada 
Schimperi,  Moq. ;  these  species  likewise  show  vascular  strands  which  branch  ofi 
hrom  the  median  vascular  bundle  and  run  in  the  aqueous  tissue. 

Special  sheaths  like  those  previously  described  are  developed  in  the  veins 
of  the  leaf  also  in  species  of  Corispermum  (Corispermeae).  Sclerenchyma  is 
found  accompanying  the  median  vein  in  Ceraiocarpus  aretuirius^  L.  and  Grayia 
polygaloidesy  nook,  et  Am.  (Montell). 

The  transverse  arrangement  of  the  stomata  mentioned  on  p.  658  has 
been  observed  also  on  the  stem  of  Camphorosma  monspeliacum  (Cassan). 

To  the  section  dealing  with  the  hairy  covering  we  may  in  the  first  place 
add  that  short  unicellular  clothing  hairs,  appearing  to  the  naked  eye  as  small 
bristles,  actually  occur  in  Salsola  (S.  Tragus,  L.),  so  that  contrary  to  the  earlier 


*  Montcirs  investigatioiis  deal  with  the  following  genera :  RhagocUa,  Lophiocarpus^  Ckemp^ 
dium  ind.  BUtum,  Roubieva,  Beta,  Onobliton  ;  Spinacia,  AtripUx,  Grayia,  Ctratocarpus;  Axyris, 
Camfhorosma,  Kirilowia;  Corispermum,  Anthochlamys ;  Polycnemum\  Cfunoka  incl.  Echinopsilon, 
Kochia,  EnchyUuna\  Suaeda-,  Salsola,  Anabasis,  Nanophytum,  Sympegma, 
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statement  unicellular  trichomes  ^  are  not  wanting  in  all  the  Chenopodiaceae* 
Among  the  members  of  the  Camphorosmeae,  in  which  Montell  recoros  dothing 
hairs  with  a  long  terminal  cell  bearing  papillae,  Enchylaena  Unncntosa^  R.  Br. 
deserves  special  mention,  owing  to  tiie  great  length  of  the  papillae  in  this 
species. 

Vesicular  hairs  in  which  the  terminal  cell  shows  varied  differentiation 
(sometimes  even  in  one  and  the  same  species)  were  observed  by  Montell  aJso 
in  species  of  Rouineva^  OreobMony  Spinacia  and  Chenolea  {Echtnopstion).  In 
some  of  the  vesicular  hairs  found  in  Chenopodium  anthdminticum^  L.  and 
Roubieva  multifida,  Moq.  the  terminal  cell  is  two-armed. 

True  glandular  hairs,  which  secrete  oil  and  have  a  structure  similar  to  that 
figured  in  Fig.  159,  0,  are  found  in  Roubieva  muUifida^  which  I  have  myself 
examined. 

In  certain  members  of  the  Order  the  clustered  crystals  of  oxalate  of  lime 
M  large  idioblasts  in  the  mesophyll.  Cdls  containing  crystal-sand  were 
observed  by  Montell  in  the  mesophyll  in  the  foUowing  additional  cases  :  Beta 
pro  parte,  Corispermum  (pro  parte,  side  by  side  with  clustered  crystals), 
Enchylaena  tomentosa,  R.  Br.,  Nanophytum  juniperinum,  C.  A.  Mey.,  Oreo- 
hliton  thesioidesy  Dur.  et  Moq.  and  Suaeda  alttssinuLy  Pall,  (whilst  other  species 
of  Suaeda  have  no  oxalate  of  lime  in  the  leaf).  A  subepidermal  layer  containing 
clustered  crystals  occurs  also  in  the  leaf  of  Salsola  Soda,  L.  (but  not  in  that 
of  S.  Kali,  L.). 

3.  Structure  of  the  Axis.  The  development  of  the  cork,  which  is 
described  as  pericyclic  on  p.  662,  has  been  carefully  studied  by  Leisering. 
It  is  a  familiar  fact  that  the  cork  in  this  case  occasionally  arises  so  near  to  the 
anomalous  vascular  system  that  it  appears  to  take  its  origin  in  the  meristem, 
which  produces  the  anomalous  secondary  growth  of  the  latter.  It  has  now  been 
shown  that  the  cells  of  the  cork-cambium  either  belong  to  the  parenchymatous 
pericycle  or  are  given  off  on  its  outer  side  by  the  meristem  just  referred  to. 
In  Atriplex  hastata,  L.  the  place  of  origin  of  the  cork  varies  in  one  and  the 
same  transverse  section ;  at  certain  points  the  cork  is  found  inmiediately 
external  to  the  groups  of  pericycUc  sclerenchjona,  while  at  other  points  it  is 
situated  inunediately  on  their  inner  side.  According  to  Leisering  the  cork  in 
EuroHa  ceratoidesy  C.  A.  Mey.  includes  lamellae  composed  of  one  or  two  layers 
of  tmiformly  sclerosed  cells.  In  the  species  just  named,  as  well  as  in  Haloxylon 
Ammodendron,  Bge.  and  H,  articulatum,  Bge.,  Jonsson  records  a  peculiar 
process  of  gelatinization  among  the  cells  of  the  cork.  In  these  species  the 
cork  besides  containing  cells  of  the  normal  type  includes  *  phelloid-cells ' 
(occasionally  containing  small  crystals  of  oxalate  of  lime)i  which  ultimately 
come  to  have  a  spherical  shape  and  become  separated  from  one  another  as 
a  result  of  the  gelatinization  of  their  middle  lamellae  and  of  the  inner  layers 
of  their  membranes. 

As  regards  the  occurrence  of  tracheids  with  a  spiral  strengthening  band 
(see  p.  663),  we  may  add  that  in  Salicomia  herbacea  Montell  records  a  small 
number  of  imperfectly  differentiated  tracheids,  while  in  S.  macrosiachya  he 
figures  spiral  tracheids  side  by  side  with  spicular  cells. 

The  following  additional  details  regarding  the  anomalous  structure  of 
the  fibrovascular  system  of  the  root  (see  p.  663)  are  taken  from  Fron's 
investigations.    The  arrangement  of  the  bundles  of  wood  and  bast  is  the  same 


^  Montell  (loc-  cit. ,  p.  30)  correctly  records  imicellalar  trichomes  in  Salsola ;  on  the  other  hand 
his  statement  to  the  effect  that  such  hairs  occor  in  Kochia  scoparia^  Schrad.  is  incorrect,  as  I  have 
found  by  an  investigation  of  this  spedes.*  The  capitate  hairs,  whidi  Montell  (^oc  dt,  pp.  39,  ^9 
and  70,  71)  figures  as  unicellular  in  spedes  of  Chenopodium^  OreoblUon  and  Atriplex^  no  doubt 
in  all  cases  have  a  distinct  uni-  or  multicellular  stalk ;  reinvestigation  of  Atriplix  portulacoidts^  L.,  at 
all  events,  showed  this  to  be  the  case  in  this  species. 
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as  in  the  stem.  Concentric  rings  of  bundles  (Tjrpe  I)  are  found  in  species  of 
Beta^  Camphorosmay  Chenapodium,  Corispermum^  Kockia^  and  Spinacia^  being 
incomparably  more  abundant  than  in  the  stem ;  but  the  second  type,  in 
which  the  vascular  bundles  are  embedded  in  prosenchymatous  conjunctive 
tissue,  has  also  been  observed,  the  bundles  not  uncommonly  exhibiting  a  spiral 
arrangement.  Fron  has  shown  that  this  spiral  arrangement  takes  its  origin 
in  an  irregular  differentiation  of  the  primary  (diarch)  vascular  system,  and 
becomes  intensified  in  the  first  place  during  the  course  of  the  normal  growth 
in  thickness  and  subsequently  durin|;  the  anomalous  growth;  the  spiral 
arrangement  may,  moreover,  lie  explamed  as  a  result  of  the  position  of  the 
radicle  in  the  seed  and  of  the  mechanical  pressure,  which  is  exerted  upon  it 
by  the  cotyledons.  This  spiral  arrangement  has  been  found  both  in  the  main 
root,  developed  from  the  radicle,  and  in  the  lateral  roots  ;  it  is  only  a  specific 
character,  being  recorded  by  Fron  in  species  of  Anabasis^  A  triplex,  Chenopodium, 
Haloxylon,  Obione,  Salicornia,  Salsola  and  Suaeda.  It  remains  to  mention  that 
in  one  and  the  same  species  the  vascular  bundles  of  the  root  are  occasionally 
arranged  according  to  the  first  type,  while  those  of  the  stem  are  arranged 
according  to  the  second  t}^  ;  this  is  the  case  in  Beta,  Blitum,  Spinacia,  and  a 
few  species  of  Chenopodium  (e.g.  C  Bonus  Henricus,  C.  murale  and  C.  rubrum). 

Literatiire :  [Paschkis,  Phamutkogn.  Beitr.,  Zeitschr.  osterrrich.  Apotheker-Ver.,  1880,  n.  27, 
28 ;  abstr.  in  Bot.  Centralbl.,  1881,  i,  p.  54  (CAeiMT^'iMf).]— Mangin,  Cellules  ^iral^  Bull.  Soc. 
bot  de  France,  i88a,  p.  16  ;  and  Ann.  tc  nat.,  ser.  6,  t.  xiii,  1883,  pp.  214,  215. — Schnlz,  Epklermis- 
zellen  bei  Saliatmia  hirbacea^  Bct.  deotsch.  bot  Gesellsch.  1880,  p.  52. — [Viboocberitch,  Plantet 
des  terrains  salants,  Rer.  sc.  nat.  appliqu^es,  1893;  cited  from  Montell.] — TPammel,  Russian  Thistle 
{Salsola  Kali),  Bull.  Iowa  Agricnlt.  College  Exp.  Stat,  n.  26,  1894,  33  pp.J^-rPonteboia,  £t  sor  les 
halophjtes  de  la  Crim^,  1^4;  cited  from  Montell.] — [Tognini,  Stomi,  Atti  1st  bot  Pavia,  1894.] 
— Fron,  Racine  des  Svaeda  et  des  Salsola,  Comptes  rendos  Paris,  cxzr,  1897,  pp.  366->8. — Froo, 
Struct,  spiral^  des  rac.  d.  cert  Cbenopodiac,  Comptes  rendos  Paris,  cxzrii,  189I8,  pp.  563-5  ;  and 
BettentTt,  loc  dt,  pp.  397-4oa — Fron,  Rech.  anat.  snr  la  radne  et  les  tiges  des  Chenopodiac., 
Ann.  sc.  nat.,  s^.  8,  t.  ix,  1899,  Dp.  157-240  and  PI.  y-z. — Herzo^,  Monogr.  d.  Zndcerriibe, 
Hambai|^,  i^99>  P*  4  ct  seq. — Hirsdi,  EntwickL  d.  Haare,  Diss.,  Berlm,  1899,  p.  29. — Leiaering, 
Korkbild.  bd  den  Chenopodlac.,  Ber.  deutsch.  bot.  Gesellsch.,  1899,  pp.  243-55  and  Tabw  six. — 
Leisering,  Intennrlares  Leptom,  Diss.,  Berlin,  1899,  pp.  9-11. — Cassan,  Camphorosma  monspeHacOy 
Th^,  Montpellier,  1901,  pp.  31-46.— Solms-Lanbach,  Soirolobe  Chenopodeen,  Bot.  Zdt.,  1901,  i, 
pp.  168-70. — Jonsson,  Wiistenpfl.,  in  Lunds  Univeri.  Ajsslcrift,  zxxviii,  Afd.  2,  n.  6,  1902,  pp.  6-18 
and  Tab.  i,  ii  {Haloxylon^  Eurotia), — Pons,  AtripUx^  Nuovo  Giom.  bot.  Ital.,  N.  S.,  uc,  1902, 
pp.  35-48  and  Tab.  i. — Theorin,  Vaxttrichom.,  Arkiv  for  Bot.,  1,  1903,  p.  173. — CluTsler,  Strand- 
plants,  Bot  Gazette,  xxxvii,  19041  p.  461  et  seq.  {AtripUx), — Saiton,  Anatomie  d.  pi.  affines,  Ann. 
sc.  nat.,  s^r.  ^,  t.  ii,  1905,  pp.  53-9  {AtripUx). — Holtermann,  Einfinis  d.  Klimas,  1907,  pp.81,  85 
and  86  {AtripUx^  Artkrocnemum,  Salicomia,  Suaeda), — Montell,  Anat  comp.  de  la  Kuille  des 
Chenopodiacy  Th^,  Paris,  1906 ;  also  in  Perrot,  Travanx,  iv,  15)07,  156  pp. 

BASELLACEAE  (pp.  663,  664). 

Large  spherical  mucilage-cells  are  found  in  the  mesophyll  also  in  BaseUa 
paniculata,  Volkens. 

Literatnre:  Volkens,  Basella  pantculala,  in  Engler,  Bot.  Jahrb.,  xxxyiii,  1905,  p.  81. 

PHYTOLACCACEAE  (pp.  664-668). 

1.  Review  of  the  Anatob«cal  Features.  We  may  first  add  that 
anomalous  structure  of  the  root  has  been  recorded  also  in  Agdestis,  PeHveria 
and  RivifM,  and  anomalous  structure  of  the  stem  also  in  Agdestis  and  Barheuia. 
The  earlier  statement  to  the  effect  that  clustered  crystals  of  oxalate  of  lime 
are  absent  requires  modification  since  they  have  been  observed  in  Stegnosperma 
by  Walter.    According  to  the  same  authority  sphaerites  occur  in  Barheuia. 

2.  Structure  of  the  Leaf.    Walter  has  recently  undertaken  a  careful 
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investigation  of  the  stomatal  apparatus  in  this  Order  and  finds  that  the 
Rubiaceous  t}^  is  not  snfSciently  widely  distributed  in  any  genus  to  admit 
of  its  being  regarded  as  a  true  generic  character.  He  observed  that  the  stomata 
are  in  all  cases  provided  only  with  a  number  of  ordinary  neighbouring  cells 
in  the  genera  Achatocarpus,  Agdestis,  Anisomeria,  Barbeuia,  Didymotheca, 
EfciUa^  Gyrostemon^  MictoUa^  PhaulotkamnuSy  Seguieriay  Stegnosperma  and 
Tersonia, 

The  same  author  makes  the  following  statements  (some  of  them  new) 
regarding  the  mode  of  excretion  of  oxalate  of  lime.  The  genera  Phytolacca^ 
Anisomeria  and  Er cilia  (Phytolacceae)  possess  raphides,  while  Barbeuia  belong- 
ing to  the  same  taxonomic  group  has  sphaerites.  The  typical  members  of 
the  Rivineae  (Gallesia,  Ledenbergia^  Mohlana,  Monococcus,  Petiveria,  RivifMf 
Schindleria,  Seguieria,  ViUamiUa)  are  distinguished  by  having  styloids,  whilst 
the  genus  Stegnosperma,  which  forms  the  group  Stegnospermoideae  in  Walter's 
S3^tem  of  classification,  is  characterized  by  the  possession  of  clustered  crystals 
(sphaerites  according  to  Schulze,  see  Syst.  Anat.,  p.  665).  The  typical  members 
of  the  Gyrostemoneae  {CodonocarpuSy  Didymotheca,  Gyrostemon,  Tersonia) 
have  no  oxalate  of  lime  at  all.  Regarding  the  remaining  genera,  which  are 
excluded  firom  the  Phytolaccaceae  by  Walter,  we  may  mention  the  following 
details  on  his  authority.  Agdestis  {*  Genus  anomalum  Phytolaccac'  in  Bentham 
and  Hooker,  Gen.  Plant.),  and  Gisekia  (a  member  of  the  Ficoideae  in  Bentham 
and  Hooker,  Gen.  Plant.)  are  provided  with  raphides ;  Limeum  and  Semonvillea 
(members  of  the  Ficoideae  in  Bentham  and  Hooker,  Gen.  Plant.)  have  clustered 
crystals,  while  Microtea  has  sphaerites.  In  Phaulothamnus  Walter  observed 
only  small  crystals  of  oxalate  of  lime  (in  the  ovary),  while  in  Achatocarpus, 
Adenogramma  and  Polpoda  he  failed  to  find  any  oxalate  of  lime  at  all. 

3.  Structure  of  the  Axis.  Regarding  the  recently  discovered  cases  of 
anomalous  structure  in  the  fibrovascular  S3^tem  of  the  stem  and  root,  see 
above  under  i,  and  Walter,  loc.  cit. ;  for  Agdestis,  see  also  Cobau,  loc.  cit.  In 
the  stem  and  root  of  Agdestis  clematidea,  M09.  et  Sess6  the  secondary  zones  of 
vascular  bundles  develop  in  the  pericycle  (Cobau).  Walter  failed  to  observe 
anomalous  growth  in  thickness  in  the  axis  of  the  following  genera :  Achato- 
cartus,  Adenogramma,  Codonocarpus,  Didymotheca,  Gisekia,  Gyrostemon, 
Ledenbergia,  Limeum,  Microtea  (here  also  wanting  in  the  root),  Monococcus, 
Personia,  Phaulothamnus,  Polpoda,  Psammotropha,  Rivina,  Semonvillea, 
Stegnosperma,  Tersonia  and  ViUamiUa, 

The  perforations  of  the  vessels  are  invariably  simple  also  in  the  genera 
Achatocarpus,  Adenogramma,  Agdestis,  Barbeuia,  Didymotheca,  Gisekia,  Leden- 
bergia, Limeum,  Mohlana,  Monococcus,  Petiveria,  Phaulothamnus,  Polpoda, 
Psammotropha,  Schindleria,  Semonvillea,  Stegnosperma,  Tersonia  and  ViUamiUa, 
In  Adenogramma,  Agdestis,  Anisomeria,  Barbeuia,  Didymotheca,  ErciUa,  Gisekia, 
Limeum,  Microtea,  Monococcus,  Petiveria,  Phaulothamnus,  Polpoda,  Psammo- 
tropha, Semonvillea,  Stegnosperma  and  Tersonia  the  walls  of  the  vessels,  where 
in  contact  with  parenchjona,  are  occupied  by  bordered  pits  ;  in  Achatocarpus 
and  ViUamiUa  there  are  both  bordered  and  simple  pits  at  these  points,  and 
in  Ledenbergia,  Mohlana  and  Rivina  simple  pits  only. 

Litexatiire:  Cobaa,  Anatomia  della  Agdestis  demoHdea^  Boll.  R.  Orto  bot.  di  Palenno,  ii, 
1898,  pp.  111-32. — [Kraemer,  The  pith-cells  of  Phytolacca  decandra^  Torrejra,  ii,  190a,  pp.  141-3.] 
—Col,  Faisceaux,  Ann.  sc.  nat,  s^.  8,  t.  xz,  1904,  p.  167.— Netolitzky,  Dikotylenbl.  (Khaphiden), 
'S)05>  P-  38.— Walter,  Diagramme  der  Phytolaoc.,  Diss.,  Erlangen,  1906,  pp.  58-^1 ;  also  in  Engler, 
Bot.  J(ahrb.,  xxxvii.--[Senft,  Radix  Phytolaccae  decandrae,  ^uuin.  Post,  1906,  p.  381.]— [Holm, 
Phytolacca  decandra,  in  Merck's  Report,  xvi,  1907,  pp.  312-14.] 
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BATIDEAE  (pp.  668,  669). 

According  to  Van  Ti^hem  a  particularly  noteworthy  feature  lies  in  the 
arrangement  and  course  of  the  vascular  bundles  in  the  quadrangular  stems, 
which  bear  opposite  leaves.  Corresponding  to  each  of  the  angles  of  the  stem 
there  are  3-5  bundles  in  the  vascular  ring,  these  bundles  being  separated  from 
one  another  by  multiseriate  medullary  rays,  while  opposite  each  lateral  surface 
of  the  stem  there  is  a  single  smaller  vascular  bundle.  The  two  smaller  bundles 
belonging  to  two  opposite  sides  of  the  stem  show  a  decrease  in  size  as  they 
are  traced  up  towards  the  next  node  above ;  they  first  loose  their  xylem, 
and  after  that  their  phloem,  while  ultimately — ^in  the  neighbourhood  of  the 
node— even  the  strand  of  pericycUc  bast-fibres  belonging  to  the  bundle  dis- 
appears. These  smaller  vascular  bundles  therefore  do  not  pass  out  into  the 
petiole,  which  is  supplied  by  the  two  nearest  of  the  bundles  corresponding  to 
the  angles  of  the  stem.  These  bundles  fork  and  the  two  middle  bundles  thus 
produced  fuse  to  form  a  single  median  bundle,  the  lateral  branches  thereupon 
forking  once  again.  In  this  way  the  base  of  the  leaf  is  supplied  by  five  vascular 
bundles,  which  are  arranged  in  an  arc. 

Van  Tieghem  records  clustered  crystals  of  oxalate  of  lime  in  the  pith 
and  primary  cortex,  and  soUtary  and  clustered  crystals  in  the  medullary  rajre 
of  the  bast.  The  peculiar  transverse  arrangement  of  the  pairs  of  guard-ceUs 
is  found  also  on  the  axis. 

literature :  Van  Tie^em,  Batidacte,  Journal  dc  Bot.,  1903,  pp.  3^3-7^i  especially  pp.  S^S"?* 

POLYGONACEAE  (pp.  669-674). 

1.  Review  of  the  Anatomical  Features.  We  may  add  that  secretory 
cavities  containing  a  resinous  secretion  occur  in  species  of  rolygonum^  and  that 
simple  uniseriate  clothing  hairs  and  shaggy  hairs  have  been  observed  in  this 
Order.  Gjrtical  vascular  bundles,  situated  in  the  pericycle,  are  found  also  in 
Rumex  biformis, 

2.  Structure  of  the  Leaf.  The  upper  epidermis  of  the  leaf  contains 
numerous  cells  with  gelatinized  inner  membranes  also  in  Polygonum  acrCy 
H.  B.  K. ;  these  cells  are  almost  spherical  and  penetrate  rather  deeply  into  the 
mesophyU,  while  their  lumina  in  most  cases  include  a  body,  which  resembles 
a  clustered  crystal  and  refracts  the  light  doubly;  this  body  is  soluble  in 
hydrochloric  and  sulphuric  acids,  as  well  as  in  caustic  potash  (in  the  latter  case 
a  simply  refracting  skeleton  remains  imdissolved).  The  stomata  in  Polygonum 
acre  occur  in  small  numbers  on  the  upper  side  of  the  leaf  as  well,  and  are  pro- 
vided with  subsidiary  cells  arrangjed  according  to  the  Rubiaceous  type.  Per- 
drigeat  describes  three  neighbouring  cells  as  of  quite  general  occurrence. 

Unicellular  clothing  hairs  are  found  in  Antigonon  (Perdrigeat).  The  long 
conical  shaggy  hairs  present  on  the  margin  and  median  vein  of  the  leaf  in 
Polygonum  acre  are  composed  of  lignified  fibrous  cells  with  thick  walls  and  narrow 
lumina.  The  same  species  also  has  discoid  glands  with  a  low  biceUular  stalk 
and  a  multicellular  head,  divided  by  vertical  walls. 

To  the  section  dealing  with  the  internal  secretory  receptacles  we  may 
add  that  Peltrisot  has  observed  secretory  cavities,  which  are  of  quite  a  peculiar 
type  and  have  oily-resinous  contents,  in  the  leaves  and  branches  of  Polygonum 
Hydropiper,  L.  These  cavities  are  schizogenous  in  origin  and  are  surrounded 
by  four  epidermal  cells,  which  penetrate  into  the  primary  cortex  or  mesophyU 
as  the  case  may  be.  To  judge  by  analogy  the  *  secretory  ceUs  (or  secretory 
cavities),'  previously  recorded,  in  two  other  species  of  Polygonum  (P.  acre  and 


Digitized  by 


Google 


ADDENDA— POLYGONACEAE  1033 

P.  punctulatum)  are  probably  also  of  the  nature  of  cavities  in  all  cases.  This 
is  at  least  true  of  P.  acre,  as  I  have  found  by  an  investigation  of  this  species. 
In  this  plant  the  secretory  cavities  are  likewise  situated  in  direct  contact  with 
the  two  surfaces  of  the  leaf,  but  they  are  surrounded  by  a  relatively  large 
number  of  low  epithelial  cells ;  it  remains  to  be  investigated  whether  all  these 
epithdial  celb  and  consequently  the  secretory  cavities  themselves  are  of 
epidermal  origin  in  this  case.  Tannin  appears  to  be  very  widely  distributed  in 
the  Polygonaceae,  especially  among  the  desert-plants. 

The  clustered  crystals  of  oxalate  of  lime  present  in  the  primary  cortex 
and  mesophyll  occasionally  attain  quite  a  considerable  size  (e.g.  in  Polygonum 
acre). 

For  the  structure  of  the  petiole  (the  vascular  bimdles  of  which  are  invariably 
isolated)  and  of  the  stipular  ochrea,  see  also  Perdrigeat,  loc.  cit. 

3.  Structure  of  the  Axis.  Numerous  new  statements  on  the  structure 
of  the  stem  will  be  foimd  in  Perdrigeat's  paper,  which  deals  with  species  of  all 
the  genera  enumerated  in  Durand's  Index  with  the  exception  of  HoUisteria. 
This  piece  of  work  is  mainly  concerned  with  the  vascular  system  of  the  axis 
and  leaf  and  with  the  structure  of  the  cortex,  while  the  treatment  of  the  hairy 
covering  and  the  secretory  organs  is  inadequate. 

The  following  details  regarding  the  structure  of  the  cortex  are  taken  from 
Perdrigeat's  paper  and  the  remaining  literature.  Assimilatory  tissue  in  the 
form  of  palisade-parench3mia  is  found  in  the  primary  cortex  not  only  in  Col- 
ligonum  comosum  (see  Fig.  162  on  p.  673),  but  also  in  species  of  Chorizanthe 
and  Oxytheca.  In  an  undetermined  species  of  CaUigonum  examined  by  Jonsson 
the  outer  parts  of  the  walls  of  the  epidermal  and  hyjpodermal  cells  become 
swollen,  so  that  the  cell-cavities,  which  are  surrounded  by  the  inner  parts  of 
the  walls,  appear  as  thoug:h  they  were  embedded  in  a  mass  of  mucilage.  The 
endodermis  may  be  provided  with  Caspary's  dots  on  its  radial  walls  (e.g. 
in  Koenigia  islandica,  L.) ;  in  Rutnex  Patientia,  L.  it  is  sclerosed.  According 
to  Perdrigeat  the  pericycle  is  invariably  sclerenchjmiatous  in  the  subaerisd 
parts  of  the  stem ;  it  contains  either  isolated  bundles  of  fibres  or  a  closed 
or  sUghtly  interrupted  ring  of  fibres  or  a  composite  and  continuous  ring  of 
sderenchyma  ;  the  latter  has  been  recorded  in  Campderia  floribunday  Coccoloba, 
Eriogonum  sphaerocephalum,  Dougl.,  Leptogonum  domingense,  Benth.,  and 
Podapterus  mexicanus,  Humb.  et  Bonpl.  The  bundles  of  pericyclic  fibres 
show  a  radial  development  similar  to  that  found  in  CaUigonum  comosum 
(see  Fig.  162)  also  in  species  of  Coccoloba  and  Pterococcus.  The  cork  arises 
subepidermally  also  in  Coccoloba,  Rumex  Hngitanus,  and  Triplaris  americana, 
*  superficially '  (probably  in  part  in  a  subepidermal  position)  in  CaUigonum 
comosum,  L'H6rit.,  Eriogonum  *  panifolium,  Leptogonum  domingense,  Benth., 
Podopterus  mexicanus,  Humb.  et  Bonpl.,  Pterococcus,  Ruprechtia  apetala  and 
Symmeria  paniculata,  while  it  develops  in  the  pericycle  also  in  Harfordia 
macroptera,  Greene  et  Parry  and  Pteropyrum  scoparium,  Jaub.  et  Spach.  The 
cells  of  the  cork  for  the  most  part  have  thin  walls.  In  Ruprechtia  apetala 
there  is  an  alternation  of  layers  of  cork-cells  with  thick  and  thin  walls ;  in 
Harfordia  macroptera  the  cells  of  the  cork  have  strongly  thickened  tangential 
walk,  while  in  Coccoloba  Schomburgkii  they  are  thickened  in  the  shape  of  a 
horseshoe.  In  the  species  examined  by  Jonsson  (CaUigonum  sp.,  Atraphaxis 
canescens,  Bge.  and  A.  spinosa,  *  Eichw.')  the  cork  contains  mucilaginous 
cork-cells  *  (see  under  Chenopodiaceae,  p.  1029).  The  secondary  bast  not 
uncommonly  includes  chambered  parenchyma  with  clustered  crystals,  but 
bast-fibres  are  rare  (Rumex  scuiatus,  L.). 

In  manjr  members  of  the  Order  and  especially  in  the  herbaceous  forms 
there  is  a  lysigenous  cavity  in  the  pith,  whilst  in  Nemacaulis  NuttaUii,  Benth., 
for  example,  the  entire  pith  becomes  lignified  at  an  early  stage  and  is  therefore 
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persistent.  The  occurrence  of  bundles  of  fibres,  which  are  often  very  strongly 
developed,  or  of  a  zone  of  fibres  at  the  margin  of  the  pith  is  a  very  common 
feature  (e.g.  in  species  of  Campderia^  Coccoloha,  EmeXy  Oxyria^  Podopterus, 
Pieropyrutn^  Rumex^  Triplaris,  &c.), 

Anomalotis  structure  of  the  stem  has  recently  been  demcmstrated  also  in 
Rumex  biformis  (in  the  form  of  variously  orientated  vascular  bundles,  which  are 
enclosed  m  the  pericycUc  strengthening  ring),  as  well  as  in  Rumex  conglomeratus^ 
Murr.,  R.  inUrmedius^  R,  obtusifolius^  R.  purpureus^  Poir.,  Rheum  hybridum^ 
Murr.,  R.  leucorrhizum^  Pall,  and  R.  undulatum,  L.  (meduUarv  vascular  bundles, 
the  records  in  the  species  of  Rheum  referring  to  the  axis  of  the  inflorescence) 
(Baranetzky,  Perdrigeat,  Saget). 

litenture:  [Theorin,  Vaxtslem  uti  knopparne  hos  fkm.  Polygon.,  Stockholm,  187a.] — Sdmbert, 
Parenchymtcheiden,  Bot  Centralbl.,  1897,  iv,  pp.  469-71. — Wollenweber,  Aoat  d.  SchwimmbL, 
Din.,  Frdburg  in  Br.,  1807,  pp.  33,  34. — Hammerle,  PoiygoHum  cuspidatum^  S.  et  Z.,  Diss., 
Gottingen,  1808,  7o  pp.— Montenuutini,  Fusto  del  Polygonum  SieboidUf  Rdnw.,  Malpighia,  1898, 
pp.  78-80  and  Tab.  iii. — Boergeien  og  Paulsen,  in  Bot.  Tidsskrift,  xzii,  1898-9,  pp.  16-18  {CoccoMa 
uvifera^  Jacq.). — Baranetzky,  Faiaceanz  bicollat^nx,  Ann.  sc.  nat.,  s^.  8,  t  xii,  1900,  pp.  307-14. 
— [Bematsky,  Anat.  Bestimm.  einheim.  Polygonum-Arttsif  Tennesz.  Fiizetek,  xziii,  1900,  pp.  i,  ii 
and  pp.  66-74.] — ^Thomas,  FeniUes  lout.,  Theae,  Paris,  1900.— Dye.  Unterird.  Oig.  voo  Valenama^ 
Rheum  a.  Inula^  Diss.,  Bern,  1901,  pp.  36-64  and  Tab.  i,  ii. — Perdrigeat,  Anat  comp.  des  Polygooac, 
Act.  Soc.  Linn,  de  Bordeanz,  It,  1901,  94  pp.,  3  pi. ;  also  Th^,  Bordeaux. — ^Pitard,  P^icyde, 
Th^  Bordeaux,  1901,  p.  48. — Jonsson,  Wttstenpfl.,  in  Lunds  Univ.  Arsskr.,  xxxviii,  Afd.  a,  n.  6, 
1903,  pp.  18-32  and  Tab.  ii  {CaUigonum^  Atraphaxis). — [Mitlacher,  Herba  Pofygoni  amcuiarisj 
Pharm.  Post,  1903,  n.  56;  abstr.  in  Just,  1903,  ii,  p.  45.]-— Peltrisot,  Dig.  s^cr6t  du  Pofygonum 
Hydropipir,  L.,  Joum.  de  Bot.,  1903,  pp.  333-8. — Saget,  Et  anat.  des  Rumex  crispms  et  R. 
obtusifolius^  etc.,  Thise,  Montpellier,  1903,  pp.  36-31. — Chrysler,  Strand-planU,  Bot  Gazette, 
xxxrii,  iSK>4t  P*  4^'  ^^  s^-  {Polygonum). — Eijken,  Rhabarberrfalzome,  Diss.,  Bern,  IQ04,  p.  45  et 
seq. — Frcidenfeldt,  Anat.  Ban  d,  Wurzel,  Bibl.  bot..  Heft  61, 1904,  pp.  37, 38. — Cristofoletti,  Rkimm 
raponticum^  Diss.,  Bern,  1905. — Porsch,  Spaltoflfnungsapparat,  Jena,  1905,  p.  87  and  Tab.  ii.^ 
[Litschauer,  Eingesenkte  epid.  Driisen  bei  Polygonum  Hyaropiper^  Osterreicb.  bot  Zeitscbr^  1907, 
pp.  301-4.] — [F^*"  farther  literature,  see  p.  1171.] 

PODOSTEMACEAE  (pp.  674-676). 

The  following  details  are  taken  from  recent  papers  on  the  anatomy  of  the 
Podostemaceae.  According  to  Mildbraed  the  drifting  stems  are  constructed 
so  as  to  have  tensile  strength.  In  the  axis  of  Mourera  fluviatilis^  Aubl.  this 
author  observed  a  central  cylinder,  which  consists  of  long  pitted  mechanical 
cells  and  is  traversed  by  air-canals,  while  the  peripheral  tissue  contains  a  large 
nimaber  of  isolated  vascular  bundles  which  are  arranged  in  three  indistinct 
rings  and  show  the  ordinary  type  of  structure ;  m  the  neighbourhood 
of  the  air-canals  of  the  central  cyhnder,  moreover,  spiral  and  annular  vessek 
were  found.  The  stems  of  the  Apinagieae  examined  by  Mildbraed  (espedally 
Apinagia  Riedelii^  Tul.)  have  a  central  vascular  bimdle,  which  includes  an  air- 
canal  and  is  enveloped  by  a  rather  thick  stereom-cylinder  composed  of  lignified 
cells  bearing  slit-shaped  pits.  These  statements  serve  to  show  that  mechanical 
cells  are  not  as  rare  in  this  Order  as  has  hitherto  been  supposed. 

H.  MoUer  observed  cubical  and  prismatic  crystals  of  oxalate  of  lime  in 
the  epidermis  of  the  root  of  Cladopus  Nymani^  Moll. ;  previous  to  that  only 
clustered  crystals  had  been  recorded  in  the  Podostemaceae.  In  the  event 
of  fresh  investigations  being  undertaken  on  the  members  of  this  Order  it  wiD 
be  well  to  devote  special  attention  to  the  occurrence  of  interceUular  secretory 
receptacles.  Secretory  spaces  resembling  resin-canals  had  previously  been 
observed  by  Wachter  in  the  root  of  Weddellina  squamulosa^  and  on  Mildbraed's 
authority  we  may  class  with  them  the  following  two  types  of  elements :  (a)  Secre- 
tory cavities,  which  have  yeUow  resinous  contents  soluble  in  alcohol  and  are 
apparently  lysigenous  in  origin,  in  the  outer  tissues  and  central  cylinder  of  the 
scape  of  Mourera  fluviatUis ;  (6)  the  secretory  cavities,  which  occur  in  the 
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thallus  of  Castelnavia  Lindmaniana^  Wann.»  and  appear  in  the  form  of  brownish 
streaks  in  alcohol-material ;  they  arise  lysigenonsly  from  a  row  of  about  3-10 
secretory  cells  ;  their  secretion  is  in  part  thread-like  and  granular  and  under- 
goes but  little  change  on  treatment  with  alcohol,  ether  or  xylol.  Here  we 
may  call  to  mind  the  fact  that  Goebel  likewise  observed  the  exudation  of  a 
yellow  secretion  on  cutting  fresh  stems  of  Rhynckolacis  tnacrocarpa^  Tul. ;  the 
organs  in  which  the  secretion  is  contained  have  not  yet  been  demonstrated 
in  this  case. 

It  remains  to  consider  the  *red  bodies'  ('Warming's  bodies'),  which 
have  been  subjected  to  a  careful  examination  by  Mildoraed.  They  were 
first  observed  by  Warming  in  the  spathella  of  Apinagia  Riedelii,  but  occur 
also  in  the  wall  of  the  capsule  and  in  the  thallus  of  Castelnavia  Lindmaniana, 
Judging  by  the  reactions  mentioned  by  Mildbraed  it  seems  as  though  we  were 
after  all  dealing  with  siUca-bodies,  which  are  infiltrated  with  a  substance 
resembling  anthocyanin,  although  Mildbraed's  statement  that  these  bodies 
are  not  affected  by  hydrofluoric  acid  is  incomprehensible  in  this  connexion. 
In  view  of  the  other  reactions,  however,  of  what  can  the  ground-substance 
consist,  if  not  of  silica  ? 

Literatare:  Hjalmor  Moller,  Cladopm  Nymaniy  nov.  gen.,  Ann.  Jardln  Baitenzor^,  xvi,  1899, 
pp.  1 15-31  and  Tab.  xii-iv. — Warming,  Fam.  Podostemac.,  Afh.  y,  1899;  and  Afh.  vi,  1901, 
Vidensk.  Selsk.  Skr.— [Willis,  Podostemaceae  of  Ceylon  and  India,  Ann.  Roy.  Bot.  Gardens, 
Peradeniya,  i,  Part  iv,  1903,  pp.  367-465  and  pi.  iv-zxxviii;  detailed  abstract  in  Bot.  Central bl., 
xcii,  pp.  193-8.] — Mildbraed,  Beitr.  z.  Kenntnis  der  Podostemac.,  Diss.,  Berlin,  1904,  43  pp. 


NEPENTHACEAE  (pp.  676-680). 

According  to  Fenner's  investigations  the  digestive  glands  (p.  677)  of 
Nepenthes  Rafflesiana,  Jack  are  of  the  nature  of  emergences,  since  subepidermal 
cells  are  also  concerned  in  their  formation.  The  same  author  also  states  that 
the  cuticle  of  the  glands  is  perforated  in  a  sieve-like  manner,  and  that  the  walls 
of  the  cells  composing  the  uppermost  layer  of  the  body  of  the  gland  are  pro- 
vided with  membranous  ridges.  In  Nepenthes  Rafflesiana  the  outer  wall  of  the 
pitcher  bears  various  types  of  hairs  including  peculiar  clothing  hairs  with 
dendroid  branching. 

With  reference  to  the  structure  of  the  axis  (p.  679)  we  may  note  that, 
according  to  Heinricher,  the  vessels  in  Nepenthes  melamfhora^  Reinw.  attain 
a  diameter  of  ^iS  mm.,  that  spiral  tracheids  are  found  also  in  the  medullary 
rays  of  the  cortex,  and  that  fusiform  proteid-bodies  occur  abundantly  in  the 
cortical  parenchyma  of  the  rhizome,  but  only  in  small  numbers  in  the  cortex 
of  the  climbing  stem. 

Literature:  Mangin,  Cellules  spiral^,  Bull.  Soc.  bot.  de  France,  1883,  p.  14  et  seq.,  and  Ann. 
so.  nat.,  s^r.  6,  t  xii,  1883,  pp.  313-14  and  pi.  viii.— Fenner,  Anat.,  Entwicklungsgesch.  u.  Biologie 
der  Laubbl.  u.  Driisen  einiger  InsektiToren,  Diss.,  Ziirich,  1904,  pp.  38-33  *^^  '^^^*  ^  ^  >  '^^^^  '^ 
Flore,  xciy,  1904. — Heinricher,  Nepenthes^  Ann.  Jardin  bot.  Buitenzorg,  zx,  3,  1906,  pp.  377-98, 
and  Tab.  xxiv-xxvi. 

CYTINACEAE  (pp.  680,  681). 

Tracheids  have  been  observed  in  the  myceloid  vegetative  thallus  of  FUo- 
styles  Ingae  (Karst.),  by  Endriss,  while  on  the  lower  side  of  the  scale-leaves 
borne  on  the  floral  shoots  of  this  plant  the  same  author  found  stomata,  which  are 
formed  by  a  single  divisicoi  in  the  epidermal  cells.  Stomata  have  recently  been 
observed  also  by  Porsch  on  the  under  side  of  the  lowest  scale-leaves  in  Cytinus 
Hypocistis,  L.  Schaar's  investigation  of  RafflesiaRochussenii^  Teysm.  et  Binn. 
has  shown  that  the  vegetative  thallus  in  this  species  consists  only  of  hyphal 
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cdls  and  that  the  conducting  tissue^  which  is  differentiated  in  the  floral  cushion, 
is  formed  by  about  20  rings  of  vascmlar  bundles  exhibiting  an  annular  arrange- 
ment. 

Litemtnre:  Schmar,  RagUsia  Rockussemi^  Sitz.-Ber.  Wiener  Akad.,  cvii,  Abt  i,  1898,  pp. 
103^56  and  Tab.  i-iiL— Solms-Lanbach,  Raffletiaoeae  u.  Hydnoraceae,  in  Pflansenreich,  Heft  5, 
1901,  Raffles,  pp.  a,  3 ;  Hydnor.  p.  a. — Endriit,  PitastyUs  Ingae^  Flora,  xd,  ipoa,  £is^inz.-Bd., 
pp.  309-36  and  Tab.  xz. — ^Potm^,  Spaltoffiinngsapparat,  Jena,  15)05,  pp.  70-a. 

ARISTOLOCHIACEAE  (pp.  682-688). 

2.  Structure  of  the  Leaf.  A  few  data  regarding  the  course  of  de- 
velopment of  the  stomata  will  be  foimd  in  Montemartini's  paper  (loc.  cit.). 
Papillae  are  present  on  the  lower  side  of  the  leaf  also  in  Aristolochia  degans. 
Mast.  (Knothe) .  The  following  details  regarding  the  structure  of  the  secretory 
ceils  are  based  on  investigations  undertaken  by  Berthold,  Haberlandt  and 
R.  Miiller  on  Asarum  europaeum^  Aristohchia  brasiliensis  and  A.  ClemaiiHs, 
In  the  fully  differentiated  oil-cell  the  drop  of  oil  is  completely  enveloped  by 
a  sheath,  the  upper  part  of  which  is  formed  by  the  wall  of  a  *  basin- '  or  funnel- 
shaped  structure,  which  arises  as  a  thickening  from  the  cell-membrane,  while 
the  remaining  portion  of  the  sheath  is  constituted  by  the  wall  of  the  vacuole 
('  pouch '),  which  has  undergone  a  change  in  substance.  In  a  surface-section 
the  *  basin '  appears  in  the  form  of  the  pit-like  structure  represented  in 
Fig.  166,  B  (on  p.  684).  R.  Miiller  has  also  shown  that  the  secretory  cells  in  the 
leaf  of  Aristolochia  brasiliensis,  although  apparently  belonging  to  the  integu- 
mental  tissue,  are  differentiated  in  a  subepidermal  position,  but  they  soon 
come  to  lie  at  the  surface  as  the  result  of  shcUng  growth.  Since  the  statements 
hitherto  published  as  to  the  occurrence  of  secretory  cells  in  the  epidermis 
are  based  only  on  an  examination  of  the  mature  leaves,  it  will  be  necessary  to 
undertake  a  developmental  investigation  in  all  these  cases.  According  to  Van 
Tie^hem  the  absence  of  oxalate  of  lime  in  the  branch  and  root  and  the  possession 
of  oil-cells  are  features  characteristic  of  a  certain  group  of  species  oi  Aristolochia^ 
which  he  comprises  as  Aristolochia,  L.  in  contrast  to  a  second  group  of  species 
{Hocquartia,  Dumort.),  which  are  distinguished  by  having  clustered  crystals 
and  by  the  absence  of  oil-cells  (also  in  the  hairs). 

3.  Structure  of  the  Axis^.  Accordiui^  to  Schellenberg  the  pith  of 
Aristolochia  Sipho  and  other  twining  species  is  composed  of  cells  with  thin 
unlignified  walls,  and  undergoes  compression  so  that  the  stem  becomes  adapted 
to  resist  tensions.  Stone-cells  occasionally  also  occur  in  the  pith  (Aristolochia 
Sipho  and  A,  gigantea), 

Literatnre:  Power,  Asarum  canadense,  Diss.,  Strassburg,  1880,  pp.  o-ii. — [Lazarski,  Asarum^ 
Phann.  Post,  1881,  n.  3,  4;  abstr.  in  Bot  Centralbl.,  1881,  ii,  p.  49.>^Berthold,  Protoplasoia- 
mechanik,  Leipzig,  1886,  p.  a6.— [Hooper,  Bragemtia  fVaHickii,  Americ.  Jonra.  of  Pfaarm.,  1894, 
p.  a3i.]— Schwabach,  Mech.  Ring,  Bot.  Centralbl.,  1898,  pp.  354-7.— Schellenberg,  Entwidc- 
lungsg^ch.  d.  Stammes  von  Aristolochia  Sipho,  Festschr.  f.  Schwendener,  1899,  PP*  S^i-^o  and 
Tab.  xii. — [Collin,  Aristolochia  Serpentaria,  Jonm.  de  Pharm.  et  de  Chimie,  1900,  p.  309;  abstr.  in 
Jast,  ipoo,  ii,  p.  16.] — ^Van  Tieghem,  Hocquartie,  Jonm.  de  Bot,  1990,  pp.  65-8. — Pitard, 
P^'icycfe,  Th^,  Bordeaux,  1901,  pp.  4a-^. — Kjiothe,  Unbenetzb.  Epid.,  Diss.,  Heidelberg,  190a, 
p.  15.— Montemaitini,  Anat  c<Mnp.  delle  Aristoloch.,  Atti  dell*  1st.  bot  di  Pavia,  a*  ser.,  vii,  190a, 
pp.  aa9-50  and  Tab.  xii-xvi;  sep.  copy,  pp.  5-10. — Perrot,  Particcdarit^  de  stmct.  fol.  diez  cert 
fenilles  de  V Aristolochia  Sipho,  Bull.  Soc.  bot  de  France  190a,  pp.  163-6. — Haberlandt,  Physiol. 
Pflanzenanat.,  3rd  edit.,  1904,  pp.  463-4.— R.  MQller,  Olbehalter,  Ber.  dentsch.  bot.  Gesellsch., 
1905,  pp.  a9a-7. — [Hohn,  Aristolochia  Serpentaria,  in  Merck's  Report,  xvi,  1907,  pp.  276-9.] 


^  Regarding  the  incorrect  statement  (in  Perrot,  Th^,  1S99,  p.  144)  as  to  the  occurrence  of 
secondary  bandies  of  wood  and  bast  in  members  of  the  Aristolodiiaceae,  see  the  footnote  on  p.  687. 
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PIPERACEAE  (pp.  688-694). 

2.  Structure  of  the  Leaf.  In  Anemiopsis  californica.  Hook,  et  Am. 
the  stomata  are  present  on  both  sides  of  the  leaf^  being  ahnost  more  abundant 
on  the  upper  than  on  the  lower  side  ;  they  are  surrounded  by  4-6  neighbouring 
cells,  in  the  same  species  a  h3^poderm  composed  of  a  single  layer  of  large 
cells  is  developed  on  the  upper  side  of  the  leaf  (Holm).  ^  J 

New  data  regarding  the  nature  of  the  hypoderm  in  the  Brazilian  species  of 
Peperomia  are  contained  in  JIUlerholm's  paper  (foe.  dt.).  In  the  first  place  we  may 
note  that  there  is  no  hypoderm  in  P.  tenera,  Miq.  and  P.  pellucida,  H.B.K. ;  in  the 
latter  species  the  large-celled  epidermis  which  is  differentiated  as  aqueous  tissue 
compensates  for  the  absence  of  hypoderm.  In  Peperomia  Gardneriana,  Miq.  the 
hypoderm  usually  consists  only  of  a  single  layer  of  cells  ;  in  P.  diaphana,  Miq.  it  is 
composed  of  two  layers,  and  in  P.  Caldasiana,  CDC,  of  several  layers  of  cells, 
which  in  both  cases  are  of  large  size  ;  in  P.  trineuroides,  Dahlst.  the  hypoderm  is 
developed  in  the  same  way  as  in  P.  pereskiaefolia.  In  P.  reflexa,  Dietr.  it  consists 
of  very  numerous  layers,  in  P.  Sellowtana,  Miq.  of  several  layers  ;  in  the  two  species 
last  named  the  inner  hypodermal  cells  are  arranged  in  rows  at  right  angles  to  the 
surface  of  the  leaf.  Regarding  the  hypoderm  found  in  the  species  of  Peperomia, 
see  also  Jdnsson,  loc.  dt. 

According  to  Duval  hypoderm  (in  some  cases  situated  on  both  sides  of  the 
leaves)  is  found  also  in  Piper  ceanothifolium,  H.B.K.,  P.  dtrifolium.  Lam.,  P.  corco- 
vadense,  CDC,  P.  Jaborandi,  Veil.,  P.  laetum,  CDC,  P.  moUicomum,  Kth.,  P.  reti- 
culatum,  L.,  and  P.  unguictdatum,  Ruiz  et  Pav. ;  according  to  Holtexmann  also  in 
Piper  Thwaitesii. 

In  the  Brazilian  species  of  Peperomia  examined  by  Jaderholm  the  palisade 
tissue  consists  of  a  single  layer  of  short  funnel-shaped  cells.  It  is  typically 
differentiated  only  in  P.  muscosa.  Link  (?),  although  even  here  the  cells  are  of  no 

Seat  length.  In  the  peculiar  leaves  of  P.  dolabriformis,  H.  B.  K.  and  P.  nivalisy 
iq.  palisade  tissue  is  completely  wanting  ;  for  details  regarding  the  structure 
of  these  leaves,  see  C.  de  CandoUe,  loc.  cit.  According  to  Jaderholm  P.  Cdda- 
siana  and  P.  Sellomana  are  distinguished  by  the  fact  that  the  cells  of  the 
uppermost  layer  of  the  spongy  tissue,  which  borders  on  the  palisade  tissue, 
have  very  thick  walls  and  store  up  starch,  while  P.  peUucida  is  characterized 
by  the  walls  of  the  entire  spongy  tissue  being  hyaline.  Conical  papillae  occur 
on  the  upper  epidermis  also  in  P.  increscens^  Miq. ;  in  P.  diaphana,  Miq.  some 
of  the  upper  epidermal  cells  are  papillose. 

Noteworthy  forms  of  dothing  hairs  are  constituted  by  the  small  2-5-celled 
trichomes  of  Peperomia  ptdchella,  A.  Dietr.,  and  the  smsm  imiceUular  hairs  of 
P.  resedaeflora^  Lind.  et  Andr6.  These  hairs  are  seated  on  a  large  epidermal 
ceU,  which  is  either  vesicular  or  projects  in  a  convex  manner  and  constitutes 
an  ocellar  apparatus ;  in  the  second  of  the  two  spedes  the  efficacy  of  this 
organ  for  the  perception  of  light  is  further  increasedl  by  a  cell  of  characteristic 
sh^)e,  which  is  apposed  to  the  inner  side  of  the  protruding  epidermal  cell 
and  is  occasionally  differentiated  as  an  oil-cell ;  this  ceU  and  the  one  above  it 
are  both  derived  from  the  same  mother-cell  (Haberlandt).  In  this  connexion 
we  may  mention  the  numerous  flat  tuberdes,  which  are  foimd  on  the  surface 
of  the  leaf  in  Peperomia  metallica^  and  according  to  Haberlandt  function  as 
lenses  for  the  concentration  of  light ;  they  are  formed  by  a  group  of  epidermal 
cells  showing  tangential  divisions.  In  this  case  an  oil-cell  which  is  situated 
exactly  beneath  the  centre  of  each  group  of  cells  functions  as  a  second  condensing 
lens.  For  the  diverse  forms  of  trichomes  found  in  Piper^  and  especially  the 
clothing  hairs,  see  Plate  IX  in  Duval's  paper,  loc.  cit. 

Jaderholm  mentions  the  occurrence  of  crystsds  of  oxalate  of  lime  re- 
sembling raphides  also  in  Peperomia  major^  C.  DC,  while  Duval  records  them 
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in  certain  species  of  Piper.  Brownish  acicnlar  oystals,  which  are  soluble  in 
acetic  add  (and  therefore  do  not  consist  of  oxalate  of  lime),  were  observed  by 
Jaderholm  in  the  axis  of  Peperomia  trineuroides^  Dahlst. 

Haberlandt  has  recently  demonstrated  the  importance  of  the  secretory 
cells  in  certain  species  of  Peperomia  as  organs  for  the  condensation  of  light.  We 
may  add  that  in  this  Order,  as  in  the  Anstolochiaceae,  the  oily  secretion  is  en- 
closed in  a  pouch-shaped  protrusion  of  the  cell-wall,  a  feature  which  is  very  dis- 
tinctly seen,  for  example,  m  Peperomia  magnoliaefolia  (Berthold  and  R.  Miiller). 
The  nature  of  the  secretory  cavities  (*  poches  stor6trices '),  recently  observed  by 
Duval  side  by  side  with  the  secretory  cells  in  the  mesophyll  of  Piper  hirsuhem^ 
Sw.,  still  requires  further  investigation.  According  to  Duval  mudlage-canals 
are  fotmd  in  the  pith  also  in  Piper  ceanothifolium^  H.  B.  K.,  P.  citrifolium^  Lam. 
and  P.  lepturum^  Kth.  (in  the  last  of  these  species  in  addition  to  mucilage- 
cavities,  which  are  situated  in  the  soft  bast  of  the  vascular  bundles). 

3.  Structure  of  the  Axis.  Among  the  species  of  Piper,  examined  by 
Duval,  P.  Jaborandiy  Veil,  alone  has  medimary  vascular  bundles.  According 
to  Jaderholm  exceptions  to  the  fourth  type  (the  Peperomia-type)  are  constituted 
by  Peperomia  delicaiula,  Hench.,  which  has  four  vascular  bundles  arranged 
in  a  ring,  and  by  P.  tenera,  Miq.,  in  which  the  vascular  system  consists  of  a 
single  axile  strand. 

The  terrestrial  roots  of  Piper  nigrum  contain  a  pith ;  in  the  coarse  of  their 
growth  in  thickness  broad  strips  of  thin-walled  tissue  constituting  primary  medullary 
rays  are  alone  formed  on  the  outer  side  of  the  (5-10)  groups  of  primary  tracheae. 
I  failed  to  observe  the  small  groups  of  thin-waUed  elements,  which  KeUer  records 
in  the  secondary  wood  and  regards  as  being  of  the  nature  of  interxylary  phloem. 

Literatnre :  [PMchkis,  Pharmakogn.  Beitr.,  Zeitschr.  osterreich.  Apotheker-Ver.,  1880,  n.  27, 
a8;  abstr.  in  Bot.  Centralbl.,  1881,  i,  p.  54.] — Berthold,  Protoplasmamechanik,  Leipzig,  i88d, 
p.  25. — Keller,  Luftwnneln,  Diss.,  Heidelberg,  1889,  pp.  30-3. — Went,  Lnltwarzeln,  Ann.  Jardin 
Bnitenxorg,  xii,  1895,  pp.  47,  48. — Jonsson,  Anat.  Ban  des  Bl.,  Acta  Univ.  Lond.,  xxxii,  a,  1896 
{Peperonuay-^iTmCf  Kava-Kava,  Pharm.  Review  Milwaukee,  xiv,  1896,  pp.  28-32 ;  abstr.  in  Jntt, 
1890,  ii,  p.  479.]— Dethan  et  Bertant,  Nonv.  vari^t^  de  Matico,  Jonm.  de  Pharm.  et  de  Chimie, 
S6-.6,  t.  vi,  1897,  pp.  ^36-40. — Biermann,  Olzellen,  Diss.,  Bern,  1898,  pp.  50-3.— Jaderholm,  Anat. 
stndier  ofVer  sydamerik.  Peperomier,  Diss.,  Upsala,  1898,  99  pp.  and  2  Tab. ;  German  abstr.  in  Bot. 
Centralbl.,  1898,  iv,  pp.  i90-3.--Siedler,  Kawawnnel,  Pharmaseut.  Zeit.,  1903,  p.  781. — Col, 
Faisceanx,  Ann.  sc.  nat.,  s^r.  8,  t  zx,  1904,  pp.  168-70. — Haberlandt,  Physiolog.  Pflanzenanatomie. 

1904,  p.  462. — Haberlandt,  Lichtsinnesorgane,  1905,  pp.  IT4-17  and  Tab.  iii.--Holm,  Anemufpns, 
Ameiic  Jonm.  of  Sc.,  six,  1905,  pp.  76-82. — R.  Muller,  Olbehalter,  Ber.  dentsch.  bot.  Gesellacb., 

1905,  p.  297. — Daval,  Jaborandis,  1905,  pp.  95-110,  and  pi.  ix;  in  Perrot,  Travanx,  iii,  1906. — 
C.  de  CandoUe,  Snr  denx  Peteromia^  etc,  Arch.  sc.  phjs.  et  nat.  Geneve,  1907,  sep.  copy,  9  pp.,  i  pL 
— Holtermann,  Einflnss  des  Klimas,  1907,  p.  136. 

CHLORANTHACEAE  (pp.  695,  696). 

According  to  H.  Schulze's  recent  investigations  the  following  additional 
characters  are  important  for  the  diagnosis  of  the  Order.  The  pahsade  tissue 
of  the  leaf  consists  of  short  cells  and  is  often  muriform.  Arm-palisade  cells 
have  been  observed  in  all  the  species,  which  have  been  investigated.  The 
stomata  are  confined  to  the  lower  side  of  the  leaf.  Secretory  celk  have  now 
been  demonstrated  also  in  Ascarina,  and  therefore  occiu:  in  all  the  members  of 
the  Order. 

To  the  earlier  statements  regarding  the  secretory  receptacles  we  may  add 
that  H.  Schulze  likewise  observed  the  secretory  cells  of  the  leaf  only  in  the 
mesophyll.  The  relatively  small  secretory  cells,  which  are  particularly  abundant 
in  the  mesophyll  of  Hedyosmum  racemosum,  Don,  are  exceptional  in  having 
dark  brown  contents.  Mucilage-canals  occur  in  the  larger  veins  of  the  le^S 
also  in  Hedyosmum  arborescens,  Sw. 

The  structure  of  the  leaf  is  in  all  cases  bifacial.    T)^ical  palisade  tissue 
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composed  of  long  cells  is  not  found  in  any  member  of  the  Order.  All  the  species 
of  Cldoranihus^  Ascarina  and  Hedyosmum  have  arm-palisade-cells,  which  vary 
in  number  in  the  different  species  and  occur  in  the  first  and  commonly  also 
in  the  second  and  third  layers  of  the  palisade  tissue.  In  Hedyosmum  arbarescens 
and  H.  racemosum  the  ceUs  of  the  spongy  tissue  are  slightly  sclerosed  at  certain 
points.  Schulze  also  states  that  distmct  subsidiary  cells  are  developed  in  relation 
to  the  stomata  only  in  certain  species.  He  records  two  or  more  subsidiary 
cells,  which  are  placed  parallel  to  the  pore,  for  the  stomata  of  Chloranthus 
inconspicuuSf  Sw.  and  C.  officinalis^  BL,  and  subsidiary  cells  arranged  in  the 
form  of  a  rosette  round  the  stomata  of  A  scarina  polystachya,  Forst.  The  lateral 
walls  of  the  epidermal  cells  are  either  straight  or  undulated.  A  continuous 
one-layered  hypoderm  beneath  the  upper  epidermis,  besides  occurring  in 
Hedyosmum  arborescens,  is  found  in  H,  racemosum  and  Ascarina  polystachya, 
while  the  hypoderm  is  confined  to  the  neighbourhood  of  the  veins  in  CUoranthus 
brachystackys^  BL,  C.  inconspicuus,  Sw.,  C.  japonicus,  Sieb.,  C.  officinalis^  Bl., 
Hedyosmum  Artocarpus,  Solms  and  H.  Bonplandianum^  H.  B.  K.  In  Ascarina 
lanceolata,  Hook.  f.  and  A.  polystachya,  Forst.  the  epidermal  cells  on  the  lower 
side  of  the  leaf  are  characterized  by  their  strikingly  small  size,  while  in  A .  rubri- 
cauliSf  Solms  they  are  distinguished  by  bearing  characteristic  papillae,  which 
project  in  the  form  of  crests  in  surface-view.  According  to  Schulze  the  vas- 
cular bundles  in  the  lateral  veins  of  the  first  order  are  for  the  most  part  sur- 
rounded by  slightly  sclerosed  parenchsmia.  In  Ascarina  rubricaulis  this 
sderenchymatous  sheath  is  incomplete,  while  in  Chloranthus  serratus,  Roem. 
et  Schiilt.  and  Hedyosmum  nutans^  Sw.  it  is  absent. 

As  r^ards  the  structure  of  the  wood  we  may  add  that  Engler  records 
scalariform  perforations  (with  numerous  bars)  in  the  vessels  also  in  Ascarina. 

The  only  form  of  crystals  of  oxalate  of  lime  observed  by  Schulze  were 
small  solitary  crystals  in  the  upper  epidermis  of  the  leaf  of  Chloranthm  incon* 
spicuus,  Sw. 

Appendix:  The  anomalous  genus  Circaeaster. 

The  genus  Circaeaster,  which  in  Durand's  Index  is  appended  to  the  Chlor- 
Inthaceae  as  a  *  genus  anomalum/  differs  quite  essentially  from  the  Chlorantha- 
ceae  in  the  absence  of  secretory  cells.  There  are  no  speaal  anatomical  features 
to  give  a  hint  as  to  the  systematic  position  of  the  genus. 

H.  Schulze  mentions  the  following  details  regarding  the  structure  of  the 
leaves,  which  are  very  thin.  The  upper  epidermal  cells  are  elongated  in  a 
direction  parallel  to  the  midrib  of  the  leaf  and  have  strongly  undiilated  lateral 
walls.  The  stomata,  which  are  f oimd  only  on  the  lower  side  of  the  leaf,  are  small 
and  not  nimierous ;  they  have  no  subsidiary  cells.  There  is  no  sderenchjnna  in 
the  veins.  Both  crystals  and  secretory  cells  are  absent.  Unicellular  hairs,  which 
are  bent  in  the  form  of  a  hook  at  the  apex,  are  present  only  on  the  fruit. 

With  reference  to  the  structure  of  the  stem,  Scott  (in  Oliver's  description 
of  the  genus,  loc.  cit.)  states  that  the  fibrovasciilar  system  is  peculiar  in  being 
diarch  like  that  of  the  main  root ;  only  a  small  amount  of  secondary  wood 
and  phloem  is  produced  on  the  two  sides  of  the  diarch  xylem-plate. 

Literature:  Oliver,  in  Hooker,  Icones,  pL  2366,  1895. — Harms,  in  Naditr.  zu  den  natiirl. 
Pflanienfam.,  ii-iv,  1897,  p.  333. — H.  Schoke,  in  Beih.  z.  Bot  Centralbl.,  iz,  1900,  pp.  81-5. 


MYRISTICACEAE  (pp.  696-699) 

f  Abnorme  rodbygning  hot  en  art  af  si.  Afyrii 
iii,  iv. — Biermann,  Olzellen,  Diss.,  Bern,  1898, 
,  J>-  93* — Bargagli-Petrucd,  Legnami,  Malpighia, 
Trop.'vaxt.  bladbyggn.,  St.  Vet.  Akad.  Handl.,  39,  n.  a,  1905,  pp.  35,  36.' 


Literature :  Poulsen,  Abnorme  rodbygning  hos  en  art  af  si.  MyristUa,  Vidensk.  Meddelels., 
1896,  p.  188  and  Tab.  iii,  iv.— Biermann,  Olzellen,  Diss.,  Bern,  1898,  p.  47.— Pitard,  P^ricyde, 
Th^,  Bordeaux,  1901,  p.  93.— Bargagli-Petrucd,  Legnami,  Malpighia,  1902,  p.  296.— Areschong, 
-  ......  ^     "t.  Akad. "     " 
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MONIMIACEAE  (pp.  699-702). 

2.  Structure  of  the  Leaf.  The  following  details  are  taken  from 
Perkins'  recent  anatomical  investigations  \  which  serve  to  supplement  Hobein's 
earlier  work.  In  the  large  majority  of  cases  the  structm-e  of  the  leaf  is  bifacial. 
In  AtnboreUa  trichopoda^  Baill.  tj^ical  palisade  tissue  is  wanting,  while  in 
Trimenia  weinmanniifolia.  Seem.,  Piptocalyx  Moorei^  Oliv.  and  Glossocalyx 
Staudtiif  Engl,  the  entire  mesophyll  is  composed  of  spongy  tissue.  Hjrpodenn 
has  been  recorded  also  in  AfUkobembix,  Efkippiandra,  Leviena^  Macropeplus, 
Macroiorus,  Nemuaron^  StegatUkera  and  letrasynandra^  while  it  is  wanting  in 
AtnboreUa,  Glossocalyx,  Piptocalyx  and  Trimenia. 

Secretory  cells  have  again  been  observed  in  all  the  genera  recently  ex- 
amined by  Perkins  ;  they  are  situated  in  the  mesophylL  In  view  of  the 
statement  that  the  leaves  m  Chloropatane,  Engl,  are  provided  with  transparent 
dots»  secretory  cells  are  probably  to  be  found  also  in  this  genus. 

3.  Structure  of  the  Axis.  According  to  Perkins  the  anatomical  dis- 
tinction between  the  Monimieae  and  Atherospermeae,  based  by  Hobein  on  the 
breadth  of  the  primary  medullary  rays,  is  on  the  whole  supported  by  the 
results  of  the  former's  recent  investigations.  Thus,  among  the  genera  of  the 
Monimieae  recently  examined,  the  medullary  rays  are :  2-^  seriate  in  Levieria, 
1-4  seriate  in  Trimenia,  3-6  seriate  in  Hennecartia,  broad  m  Macropeplus  and 
Macrotorus,  as  in  MoUinedia,  4-6  seriate  in  Steganthera  and  Anihobembix,  4-7 
seriate  in  Tetrasynandra,  and  1-2  seriate  alone  in  Amborella ;  among  the  genera 
of  the  Atherospermeae  recently  investigated,  Nemuaron  and  Glossocalyx  have 
1-3  seriate  medullary  rays. 

Literature:  fHanaiisek,  Folia  Boldo,  Zeitschr.  oiterreich.  Apotheker-Ver.,  1880,  p.  155;  abstr. 
in  Bot.  Zdt.,  1880,  p.  474.]— [Stowell,  Boldo  leaves,  Therapeutic  Gaxette,  1880,  p.  357  et  seq.; 
abstr.  in  Bot.  CentralbL,  1881,  i,  p.  335.]— Perkins,  Beitr.  s.  Kenntnis  d.  Monimiac.,  i  (Mollinedieae), 
in  Eogler,  Bot  Tahrb.,  xxv,  1898,  pp.  ^19-53.— Perkins,  MoUitudM,  in  Engler,  Bot.  Jahrb.,  xxrii, 

1900,  pp.  638,  039. — [Neger,  FoUa  Boldo,  Pharmaz.  Centralhalle,  X901,  n.  xi ;  abstr.  in  Just,  1901, 
i^t  P*  74*] — Perluns,  Siparuna^  in  Engler,  Bot.  Jahrb.,  xxviii,  1901,  p.  oiSi. — Perkins  and  GiJg, 
Monimiaccae,   in  Pflanzenreich,  Heft  4,  190X,  pp.  a,   3. — Pitard,  Periqrde    Th^,  Bordeau, 

1901,  p.  66. 

LAURINEAE  (pp.  702-706). 

1.  Review  of  the  Anatomical  Features.  We  may  add  that  hjqx)derm 
occurs  in  the  leaf  also  in  species  of  BeUota,  Endlicheria,  Hufelandia,  Nectandra, 
Ocotea,  Persea,  and  Phoebe,  and  that  the  lower  epidemiis  shows  papillose 
differentiation  in  species  of  Acrodiclidium,  Aniba,  Endlicheria,  Nectandra, 
Persea  and  Phoebe. 

2.  Structure  of  the  Leaf.  Our  knowledge  of  the  structure  of  the  leaf 
has  been  extended  especially  by  Volker  Petzold's  recent  investigations,  which 
deal  with  the  American  members  of  the  Order.  According  to  Petzold  the 
leaves,  as  a  general  rule,  are  bifacial  in  structure ;  palisade  tissue  is  found  on 
the  lower  side  of  the  leaf  in  Silvia  and  in  species  of  Nectandra  and  Phoebe,  but 
it  is  never  as  strongly  developed  as  on  the  upper  side.  The  palisade  tissue 
consists  either  of  one  ^  or  several  layers  ;  according  to  Petzold  the  occurrence 
of  relatively  large  cavities  in  the  paUsade  tissue  is  characteristic  of  most  of  the 


^  These  deal  with  the  following  genera :  Levieria,  AmbortUd^  Trimtnia^  PiptocafyXj  Epkip^am- 
dra^  Htmecartiay  Nemuaron^  Glossocalyx^  Macropeplus,  Macrotorus,  StegOHiksra^  Anihcitmlnx. 
and  Tetrasynandra. 

*  There  is  a  single  layer  of  palisade  tissae  in:  Aniba  (excepting  A.  robustcL,  Mea  and  A. 
RidUyana^  Mez),  Benzoin  odoriferum,  Nees,  Dicypellium,  Endluhena  (excepting  E.  imprtssa, 
Mes),  Sassafras,  Silvia  (excepting  S.  polyantha,  Mez),  Systenumodapkne^  UrbanodendroH, 
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species  of  Persea  (i.e.  with  the  exception  of  three  closely  related  species  native 
to  the  Andes).  The  sclerosed  palisade-cells  previous^  recorded  in  a  few  species 
of  Ocotea  were  not  observed  by  Petj^ld  in  Ocotea  Kunihiana^  Mez,  although 

E resent  in  0.  rubra,  Mez,  where  they  show  a  somewhat  different  structure  ; 
[oltermann  also  records  stone-cells  m  the  tissue  of  the  leaf  in  AcHnodaphnc 
mohchina  and  A.  sfeciosa.  In  some  cases  the  spongy  tiMOe  contains  large 
lacunae,  which  are  nlled  with  steUate  tissue ;  this  feature  is  specially  pronounced 
in  Persea  (in  contrast  to  almost  all  the  species  of  Phoebe)  and  is  found  also  in 
Sysiemanodaphne  and  Urbanodendron,  as  weU  as  in  species  of  Acrodiclidium, 
Aniba,  Cryptocarya  and  MisanUca.  The  lateral  walls  of  the  epidermal  cells 
are  onlv  rarely  undulated,  and  particularly  rarely  on  the  upper  side  of  the  leaf. 
Lateral  walls,  which  are  bent  in  a  ^-zag  manner  with  ridge-like  processes  in 
the  apices  of  the  angles,  are  found  in  species  of  Cryptocarya,  Hufelandia,  and 
Sassafras  ^  (for  the  most  part  on  both  sides  of  the  leaf) ;  high  epidermal  cells 
occur  in  Bellota  costaricensis,  Mez,  Endlicheria  impressa,  Mez,  and  in  species 
of  Aniba,  Nectandra,  Ocotea,  Persea  and  Phoebe ;  papillose  differentiation  of 
the  lower  epidermis  has  been  observed  in  species  of  AcrodicUdium,  Aniba, 
Endlicheria,  Nectandra,  Persea  and  Phoebe  *.  Gelatinized  epidermal  cells  have 
not  as  yet  been  recorded  in  the  Laurineae  ;  nor  are  they  present  in  Cinnamo- 
mum  Camphora,  Nees  et  Eberm.  as  I  am  able  to  state  on  the  basis  of  an  investi- 
gation of  this  species,  although  Tschirch  and  Shirasawa  mention  the  occurrence 
of  abundant  mucilage  in  the  epidermis  of  the  leaf.  In  some  species  of  Ocotea, 
Persea  and  Phoebe  a  marking  of  the  cuticle  has  been  observed  in  the  form  of 
a  delicate  punctation,  but  striation  of  the  entire  cuticle  has  not  been  found 
in  any  case*  In  the  species  examined  by  Petzold  the  stomata  are  again  con- 
fined exclusively  to  the  lower  side  of  the  leaf.  They  are,  moreover,  invariably 
accompanied  by  subsidiary  cells,  one  of  which  is  placed  on  either  side  of,  and 
parallel  to,  the  pore  (also  in  Persea  indica,  Spren^.,  in  opposition  to  Clauditz, 
loc.  cit.).  According  to  Petzold  peculiar  rid^e-hke  processes  are  present  on 
the  pairs  of  guard-cells  in  species  of  Acrodididtum,  Ajouea,  Aniba,  Cryptocarya, 
DicyfeUium,  Endlicheria,  Misanteca,  Nectandra,  Ocotea  and  Phoebe,  broad 
sul^idiary  cells  showing  a  radial  striation  in  two  closely  related  species  of 
Phoebe  (Jr.  Pittieri,  Mez,  and  P.  psychotrioides,  Mez),  and  depressed  stomata, 
the  pores  of  which  are  placed  at  right  angles  to  the  slit-shaped  vestibule,  formed 
by  the  subsidiary  cells,  in  Misanteca  capitata,  Cham,  et  Schlecht.,  and  most 
of  the  American  species  of  Cryptocarya.  On  the  stem  of  Cassytha  filiformis  the 
pairs  of  guard-cells  show  the  same  transverse  arrangement  as  in  C.  americana. 
Hypoderm  has  in  the  first  place  been  recorded  by  Petzold  on  the  upper  side 
of  the  leaf  in  all  the  species  of  Cryptocarya  and  Hufelandia,  as  weU  as  m  certain 
species  of  Bellota,  Endlicheria,  Nectandra,  Ocotea,  Persea  and  Phoebe  K  In 
most  cases  it  consists  of  a  single  layer  of  cells,  rarely  {Bellota  nitida,  Persea 
boldufolia,  Hufelandia  rigida,  Mez)  of  two  layers.    Hypoderm  has  been  observed 


^  viz.:  Cryptocarya  minutiflora^  Mez,  C  subcorymbosa^  Mez;  Huftlandia  emarginata,  Mez, 
//.  r^idttf  Mez,  //,  Taubertiana^  Mez;  Sassq/ras  variifolium^  O.  K. 

*  viz. :  Acrodididtum  brasilimse^  Nees;  Aniba  foynula,  Mez,  A.  Gardneri^  Mez,  A*  muca^  Mez, 
A.  Mailerumaf  Mez;  Endlicheria  anomcUa,  Nees,  E.  imfrtssa.  Mez;  Nectandra  jafurtnsis^  Neei, 
N,  turbacemiSf  Nees;  Persea  Miviensis,  Mez,  P,  carotinensts^  Nees,  P.  chrysopkylicL,  Mez,  P, 
coeruleoj  Mes,  P,  cordaia^  Mes,  P,  domingensis^  Mez,  P,  micropkyiloj  Mez,  P,  racemosa,  Mez,  P, 
vesttta,  Mez ;  Phoebe  cinnaviomifolia^  Nees,  P.  cubensis,  Nees,  P.  heteropetala^  Mez,  y.  mexicana, 
Meissn.,  P,  montafta,  Griseb.,  P,  triplinervis,  Mez. 

'  These  species  are :  Bellota  Miersii,  Gay,  B.  nitida,  PhiL ;  Endlicheria  Lhotskyi,  Mez,  E, 
sericeaf  Nees;  Nectandra  amplifolia,  Mez;  Ocotea  aurctntiodora^  Mez,  O.  cuneata^  Urb.,  0. 
daphnifoUa,  Mez,  0,  ferruginea^  Mez,  O.ioccifera,  Mez,  0,  foeniculacea^  Mez,  0,  Nemodafhne^ 
Mez,  O,  rufa,  Mez,  0,  Sodiroana,  Mez,  0,  spathtUaia,  Mez,  O.  verruculosa^  Mez,  0,  Wnghtii^ 
Mez ;  Persea  boldufolia,  Mez,  P,  crassi/olia,  Mez,  P,  giaberrimay  Mez,  P.  LinguCy  Nees,  P,  Mutisii, 
H.  B.  K.;  Phoebe  costaricensis,  Mez,  P,  mexicana,  Meissn. 

SOLBRSDER  3    ^ 
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on  both  sides  of  the  leaf  only  in  Hufelandia  rigida.  In  connexion  with  the 
earlier  statements  on  the  hypoderm,  which  were  made  on  Pa^'s  .authority,  we 
ma];[  note  that  this  author  figures  hypoderm  (in  the  '  NatfirUche  Pflaniien- 
familien ')  in  Aydendran  sericeum^  Griseb.,  and  Cryptocarya  Boldus^  Mol.  Holter- 
inann  records  h3^poderm  in  Cryptocarya  Wighiianaf  and  Dubard  and  Dop 
in  Ravensara  Penieri  sp.  nov.  According  to  Petzold  the  smaller  veins  are 
vertically  transcurrent  by  means  of  sderenchyma  also  in  a  very  large  number 
of  the  American  members  of  the  Order.  In  Persea  crasstfoUa,  Mez,  P.  Mutisiif 
H.B.K.,  and  P.  rufototnentosa,  Nees  the  sheath  of  scl^enchjmia  spreads  out 
beneath  the  upper  epidermis,  thus  forming  a  sderenchymatous  hypoderm  of 
one  or  two  layers. 

To  the  section  dealing  with  the  oil-  and  mucilage-cells  {p.  703  et  seq.)  the 
following  details  may  be  added.  The  oil-cells  are  present  in  all  the  genera 
and  species  hitherto  examined ;  in  Laurus  nobilis  (acoMrding  to  Haberlandt) 
and  in  species  of  Cinnamomum  (according  to  R.  M^er)  these  elements  show 
the  same  features  as  we  have  had  occasion  to  notice  in  the  Aristolochiaceae,&c., 
that  is  to  say  the  secretion  is  enclosed  in  a  pouch,  which  is  suspended  by  means 
of  a  cuticularized  '  basin.'  Petzold  does  not  record  epidernial  secretoiy  cells 
in  any  of  the  species  examined  by  him.  The  mudkge-cells,  according  to 
this  author,  occur  either  in  the  palisade  tissue  only  (this  being  mostly 
the  case)  or  in  the  spongy  tissue  only  (rarely)  or  both  in  the  palisacte 
and  spongy  tissues.  According  to  him  they  are  present  in  Acrodididium 
pro  parte,  Aniba  pro  parte,  Bellota^  Cryptocarya  pro  parte,  Endlicheria 
pro  parte,  Hufdandia,  LUsea  pro  parte,  Misanteca  pro  parte,  Nedandra 
pro  parte,  Ocotea  pro  parte,  Persea  pro  parte,  PhoAe  pro  parte.  Pleura* 
tkyriutn.  Sassafras^  Silvia  pro  parte,  Systemonodaphne  and  Urbanodeti' 
dron,  while  they  are  wanting  in  Acrodididium  pro  parte,  Ajouea,  Aniba  pro 
parte.  Benzoin,  Cryptocarya  pro  parte,  Dicypdlium,  Endlicheria -pro  parte, 
Litsea  pro  parte,  Misanteca  pro  parte,  Nedandra  pro  parte,  Ocotea  pro  parte, 
Persea  pro  parte,  Phoebe  pro  parte  and  Silvia  pro  parte. 

With  reference  to  the  mode  of  deposition  of  oxalate  of  lime  we  may  note 
that  the  small  oystals  occasionally  occur  also  in  the  epidermis  of  the  leaf. 

Petzold,  like  the  earUer  observers,  found  only  unicellular  clothing  hairs 
in  the  hkiry  covering.  A  special  type  of  hair  occurs  in  species  of  Aniba,  Nee- 
tandra  and  Ocotea,  the  body  of  the  hair  above  the  point  of  its  insertion  being 
prolonged  into  a  later^d  crop-like  outgrowth.  Mention  may  also  be  made  of 
the  apparently  septate  hairs,  found  in  species  of  Aniba,  Endlicheria,  Nedandra, 
Ocotea,  Persea  and  Phoebe ;  the  septation  depends  on  the  fact  that  the  lumen 
of  the  cell  forming  the  hair  disappears  completely  at  certain  points. 

3.  Structure  of  the  Axis.  The  stem  of  Cassytha  fiUformis  shows  about 
the  same  type  of  structure  as  that  of  C.  americana  (Schmidt,  Bdwig,  Mirande). 
According  to  Mirande  the  hypocotyl  and  the  young  axis  of  C.  fitiformis 
exhibit  a  ring  of  isolated  bundles  in  transverse  section ;  these  bundles  are 
either  fully  difFerentiated  vascular  bundles  or  consist  of  phloem  only.  The 
same  author  states  that  in  very  old  axes  of  this  species  radially  elongated  bands 
of  wood  are  developd  by  the  activity  of  cambial  arcs,  arising  on  the  inner  side 
of  the  groups  of  sort  bast. 

The  peculiar  '  cellules  de  marteau '  described  by  Mirande  in  the  endodermis 
of  C.  filiformiSf  and  the  lysigenous  secretory  spaces  found  in  C  americana  and 
C.  filiformis,  still  require  a  special  consideration ;  the  latter  resemble  canals,  are 
situated  between  the  groups  of  pericydic  bast-fibres,  and  are  filled  with  mucilage. 
The  '  cellules  de  marteau^  are  particularly  prominent  in  the  young  axis ;  tl»y 
bear  a  blunt  tip,  which  projects  on  the  inner  side  of  the  endodermis,  and  in  contrast 
to  the  other  endodermal  c^lls  they  contain  no  starch,  but  have  abundant  proto- 
plasmic contents  and  a  large  nucleus.    Their  contents  enable  one  to  recogniie 
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them  also  in  older  stems.  In  C.  fUiformis  the  mucilage-spaces  above  mentioned  are 
formed  as  the  result  of  the  gelatinization  of  the  walls  of  four  or  five  rows  of  flattened 
cells  with  wide  lumina  (Mirande).  The  mucilage-cells,  which  occupy  a  subepidermal 
position  in  the  primary  cortex  of  C.  filifarmis,  in  some  cases  hkewise  fuse  to  form 
mudlage-canals.  Mualage-cells  are  present  in  the  mesophyll  of  the  scale-hke  leaves 
both  in  C.  fUiformis  and  C.  americana. 

A  composite  and  continuous  ring  of  sclerencbyma,  including  U-shaped 
stone-cells,  is  recorded  by  Pitard  in  the  pericyde  in  numerous  species  belonging 
to  the  genera  previously  enumerated  in  this  connexion,  as  well  as  in  Hufelandia 
Pendula.  According  to  Hartwich  the  pericydic  strengthening  ring  in  Cinna^ 
momum  zeylanicum  becomes  thrown  off  m  older  stages  owing  to  the  formation  of 
internal  cork,  its  place  being  taken  by  a  new  rmg  of  stone-cells,  which  is 
formed  for  the  most  part  from  tissue  belonging  to  the  phelloderm.  According 
to  Hartwich  a  secondary  ring  of  stone-cells  of  this  kind  is  developed  also  in 
AcHnodaphne,  Caryodaphne  (-  Cryptocarya),  Haasia  (-  Dehaasia),  Mespilo- 
daphne,  Ochnodaphne,  and  Tetrantkera  ( «  Litsea). 

Litentnre:  Decaime,  Struct,  anat.  de  la  Cnscnte  et  dn  Cassy/ka,  Ann.  sc  nat,  s^r.  3,  t.  t.  1846, 
pp.  247,  248.— Poulien,  Hanttorinm  von  CassytAa,  etc.,  Flora,  1877,  p.  507  ct  seq.— Hohnel, 
Ceibennden,  Berlin,  1880,  p.  95  et  seq.^Pfitter,  Zimmtrinden,  in  Hilger,  etc.,  Fondu-Ber.  f.  Lebent- 
mittel,  i,  1894,  PP*  6  and  25  et  seq.— [Bastin,  Sassafras,  Ameiic.  Jonm.  of  Bot,  1895,  p.  31a  et  seq.]— 
Biennann,  Olzellen,  Diti^  Bern,  1898,  pp.  13-29. — [Sayre,  Cinnamon  barks,  Drngg.  Circular,  etc, 
1898,  n.  9.T— Hartwich,  Cotoiinde,  Ardiiv  d.  Fhann.,  cczzzrii,  1899,  p.  427  et  seq. — ^Tscnirch, 
Haninld.,  Feslsdirift  f.  Schwendener,  1899,  P  4^4  ^  *^- — Hartwich,  Ceyionammt,  Vierteljahrsdir. 
natnrf.  Gesellsch.  Zurich,  iqool  pp.  199-204. — ^Tschirch,  Harze  o.  HarzbdiiUter,  1900,  p.  387  et  seq. 
-^Hartwich,  Zimmt,  ArduT  d.  Pharm.,  1901,  pp.  i8i-aoi  and  Tab.— Pitard,  P^cycl^  Th^ 
Bordeaux,  1901,  pp.  79,  8ow — Siedler,  Chines.  Bandolinenholz,  Ber.  deutsch.  phium  Gesellsch.,  1901, 
p.  so;  abstr.  in  Just,  1901,  ii,  p.  90.— Baigagli-Petrucci,  Legiiami«  Malpighla,  190a,  p  297  et  seq. — 
Clanditz,  Blattanat  canar.  Gew.,  i^ss.,  Bud,  190a,  pp.  i7-a3  {Zaums,  Ocofio,  Ptrsea.  Phoihe), — 
Gerhard,  Blattanat.  v.  Gew.  d.  Knysnawaldes,  Diss^^  Basel,  190a,  pp.  a8-3o. — A.  Th.  Schmidt, 
Cassytha  JUifirmts^  Osterrdch.  bot  Zdtschr.i  1902,  pp.  173-7  ^^  '^^^  vii.— Tsdiirch  and 
Shiraiawa,  luunj^ier,  ArdiiT  d.  Pharm.,  190a,  pp.  a57-9. — Achner,  Falsche  Chinarinden,  Diss., 
Bern,  1904,  p.  30  et  sea. — ^Bowif,  Cassytka  fUiformis,  Coi^but  Peunsylvania  Univ.,  Philadelphia, 
11,  3,  1904,  pp.  399-410,  espedfOly  p.  408  et  seq.  and  pL  33-34.— [Kamiya,  Comp  anat  of  the  Jap. 
Lanrin.,  Bot  Magas.,  Tokro,  xviii,  1904,  pp.  145-56  (Japanese).  ]--Areschoug,  Trop.  vast 
bladbjagn.,  St.  Vet  Akad.  HandL,  39,  n.  a,  1905,  pp.  ii,  la,  and  71,  7a  {Litseti),  pp  84-6  and 
Tab.  xQicHnodaphm),  pp.  87-9  (Cipj^/^fldv^^a).— Mirande,  Caaqrthac^  Ann.  sc.  nat,  s^.  ^  t.  ii, 
1905,  pp.  181-285. — K.  MfiUler,  Olbehklter,  B^.  deutsch.  bot.  Gesdlsch.,  1905,  p.  297.— Piccioli, 
Legnami,  Bull.  Sena,  1906,  p.  146.— Fr.  Weiss,  Bark  in  the  Sassafras,  Bot  Gaxette,  1906,  pp. 
434-44. — ^Dubard  et  Dopy  Ravensara  Ptrrieri,  Bidl.  Soc  bot  de  Fiance,  1907,  p.  156. — Gnttenbeig, 
ImmergrOnes  Laubblatt  der  Mediterranflora,  in  Engler,  Bot  Jahrb.,  zzxviii,  1907,  pp.  4a  1-3 
iLamrus  nohiUs), — Holtermann,  Einfluss  d.  Klimas,  1907,  pp.  119,  lao.— Petzold,  Syst.-anat 
untersneh.  tiber  die  BL  d.  amerik.  Laurin.,  Diss.,  Erlangen,  1907,  34  pp. ;  sep.  copy  from  Engler, 
Bot.  Jahrb.,  xxxyiii. 

HERNANDIACEAE  (pp.  707-709). 

A  one-layered  hypoderm  is  found  in  the  leaf  also  in  Gyrocarpus  Jacquini, 
Roxb.  (Holtermann).  In  SparaUafUhelium  Tupiniquinorum  the  pericycle  of 
the  axis  contains  isolated  bundles  of  bast-fibres,  the  intervening  pericydic 
parenchjnna  only  being  sclerosed  at  certain  points  (Pitard). 

Literature :  Pitard,  Diagn.  anat  des  div.  esp.  de  Gyrocarpus,  Actes  Soc  linn.  Bordeaux,  Ivi, 
1901,  p.  orii;  and  P^cycle,  Thise,  Bordeaux,  looi,  p.  ^8.— Areschoug,  Trop.  vixt  bladbrggn., 
St.  Vet.  Akad.  Handl.,  39,  n.  a,  1905,  pp.  33-4  (Aririi»<MN&i).^Holtermann,  ^nflnss  det  Klimas, 
1907,  p.  178. 

PROTEACEAE  (pp.  709-715). 

2.  Structure  of  the  Leaf.  Tassi's  paper,  which  is  cited  below,  contains 
data  on  the  structure  of  the  leaf  and  axis  in  species  of  the  genera  Banksia, 
Dryandra,  Franfdandia,  GrevilUa,  Guevina,  Hakea,  Isopogon,  Leucadendron, 
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I044  ADDENDA^PROTEACEAE 

Macadamia,  Protea,  Roufala  and  SUnocarpus\  We  may  first  mention  that, 
according  to  Tassi,  bypoderm  occurs  also  in  Banksia  granais^  Willd.  (composed 
of  two  layers  on  both  sides  of  the  leaf),  Guevina  Avellana^  Mol.  (a  single  layer 
on  the  upper  side),  and  Stenocarpus  sinuaius,  Endl.  (one  or  two  layers  on  the 
upper  siae,  and  sometimes  also  a  single  layer  on  the  lower  side),  and  solitary 
crystals  of  oxalate  of  lime  in  the  pith  of  the  axis  also  in  Guevina  Avellana  and 
Leucadendron  argenieum^  R.  Br.  and  in  the  epidermal  cells  of  the  leaf  in  Hakea 
laurina,  R.  Br.  According  to  Francken  sderenchjnnatous  fibres,  which  are 
connected  with  the  sclerenchjnna  of  the  veins,  are  found  in  the  mesophyll  also 
in  species  of  Banksia  and  Dryandra  {Banksia  dryandroides^  Baxt.,  and  b.  mar^ 
cescens,  R.  Br.,  Dryandra  armaia,  R.  Br.). 

For  the  varied  structure  of  the  leaf  in  the  heterophyllous  species  of  Hakea, 
see  Carlsson  and  Paoli,  U.  cc. 

3.  Structure  of  the  Axis.  Stenocarpus  sinualus  likewise  shows  sub- 
epidermal development  of  the  cork  and  groups  of  bast-fibres  in  the  pericycle. 
Accordiui^  to  Pitard  a  composite  and  continuous  ring  of  sclerenchyma  is  found 
in  the  pencycle  in  Banksia  ericaefolia,  GreviUea  breoifolia^  G.  buxifciia,  G.  macro- 
stachya^  Persoonia  ferruginea  and  Rhopala  VieiUardi. 

Liteiatiire:  Hohnel,  Gerberinden,  Berlin,  1880,  p.  97  et  seq.— Ctrlnon,  Ilt^a  Vulariae,  Bot 
-        ...      ^^^  ...  ^       .     ^  sdercidai 

'9<»»i893. -., 

a  taUe  for  the  determinatioo  of  the  geoerm).— KnobUoch,  Okolog.  Anat,  etc.,  Habflitat-Schr., 


-Hoolbert,  Bob  sec  des  Proteac.,  Assoc,  fnn^  Besanfoo,  1893,  ii,  pnbl.  1894,  p.  544  et  seq.  (with 
taUe  for  the  determinatioo  of  the  genera).— Knoblaoch,  Okolog.  Anat,  etc.,  HabUitat-Schr., 
Tiibingen,  1896,  p.  15  et  seq. — Tasd,  Le  Proteaoee,  in  specie  delTo  Sttnoctufus  sinmaiMS,  Endl., 
stndio  anat-moTMiol.,  BnlL  Labor,  ed  Orto  bot  Siena,  i,  1898,  pp.  67-13^,  13  tab.,  espedallj 
pp.  103-19  and  Tab.  yii-zii.— Pitard,  Pericycle,  Tb^,  Bordeaux,  1901,  p.  (U.—Paoli,  EterofiUia 
{IfaJUa  suavioUns^  R.  Br.),  Nnovo  Giom.  bot  ItaL,  zi,  1904,  pp.  204-7  *^  ^^^'  ^* — Areschon^, 
Trop.  vaxt  bladbyggn.,  Sv.  Vet.  Akad.  Handl.,  39,  n.  a,  i  .---..      -^ 

Spaltoffimngsapparat,  Jena,  1905,  pp.  126-30  and  Tab.  i. 


Trop.  ^izt  bladbyggn.^  St.  Vet.  Akad.  Handl.,  39,  n.  a,  1905,  pp.  41,  4a  {^Maeadamia), — Porscn^ 


THYMELAEACEAE  (pp.  715-721). 

I.  To  the  Review  of  the  Anatomical  Features  we  may  add  that 
interxylary  phloem  occurs  side  by  side  with  intraxylary  phloem  also  in  the 
genus  Brachythalamus^  which  is  closely  related  to  Gyrinops  and  Gyrinopsis. 

^.  Structure  of  the  Leaf.  I  have  examined  the  structure  of  the  leaf 
in  Brachyihalamus  caudaius^  Gilg  (Beccari,  n.  911,  New  Guinea),  and  may 
mention  the  following  details  regarding  it.  The  leaves  are  bifacial  in  structure ; 
isolated  sderenchjnnatous  fibres  brandi  ofE  from  the  bast-fibres  accompansong 
tlte  vascular  bundles  of  the  veins  and  penetrate  into  the  mesophyll ;  the 
epidermal  cells  are  not  gelatinized ;  the  stomata,  which  are  surrounded  by 
ordinary  epidermal  cells,  are  confined  to  the  lower  side  of  the  leaf,  where  they 
occur  only  in  smaU  numbers,  and  are  united  to  form  indistinct  groups ;  the 
clothing  hairs  are  unicellular ;  oxalate  of  lime,  lastly,  is  excreted  in  the  form  of 
styloids,  and  the  same  is  the  case  in  the  axis  of  Brachyihalamus  podocarpus, 
Gilg  (Beccari,  n.  209,  New  Guinea). 

According  to  Keissler  the  *  folia  albo-puncticulata '  (described  by  earUer 
authors  as  '  glanduloso-punctata ')  recorded  by  him  in  the  species  of  Daphne, 
belonging  to  the  subsections  Oleoides,  Gnidium  and  Cneorum,  as  well  as  in 
Passerina  grandiflora,  L.,  are  due  to  the  fact  that  each  of  the  stomata  is  sur- 
rounded by  a  rosette  of  papillose  epidermal  cells  having  a  granular  cuticle. 

3.  Structure  of  the  Axis.  In  Brachyihalamus  podocarpus  the  xylem- 
mass  contains  :  (a)  uniseriate  medullary  rays ;  (6)  vessels,  which  have  rather 

^  The  plant  examined  by  Tassi  nnder  the  name  of  '  Perscoma  myrtiUoides^  Sieb.*  is  incorrectly 
determined.  According  to  Tassi  it  has  secretory  cavities  in  the  leaf  and  bicollateral  rascnlar  bundles 
in  tiie  petiole,  so  that  it  is  a  member  of  the  Myrtaceae. 
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ADDENDA— THYMELAEACEAE  1045 

small  lumina,  are  provided  with  simple  perforations,  and  bear  bordered  pits 
in  contact  with  parench3mia  of  the  medullary  rays;  (c)  wood-fibres,  which  liave 
wide  lumina  and  bear  rather  small  bordered  pits  (bordered  pits  also  with  broadly 
elliptical,  slit-shaped  smertures) ;  and  (d)  interxylary  phloem  (the  presence  of 
sieve-tubes  has  been  demonstrated!).  The  interxylary  phloem  occurs  abun- 
dantljr  even  in  young  branches  in  the  form  of  groups  of  varying  shape  ;  in  some 
cases  it  is  even  found  on  the  outer  side  of  the  groups  of  primary  vessels  ;  it 
does  not  include  bast-fibres.  At  this  point  we  may  also  mention  that,  contrary 
to  Leiserinp;'s  recent  statements  \  the  interxylary  soft  bast  develops  at  the 
inner  mar^  of  the  cambium  (i.e.  internal  to  the  latter)  in  the  Thymelaeaceae 
examined  m  detail  bv  Van  Tieghem. 

To  the  section  dealing  witii  the  structure  of  the  cortex  we  may  add  that 
in  Brackythalamus  fodocarpus  I  was  able  to  demonstrate  epidermal  develop- 
ment of  the  cork  and  the  structure  of  the  bast,  which  is  characteristic  of  the 
Thymelaeaceae.  According  to  Jen2i^  *  the  bast-fibres  of  the  Thymelaeaceae 
afiord  an  anatomical  feature,  which  is  characteristic  of  the  Order ;  their  shape 
namely  differs  from  the  usual  fusiform  shape  of  these  elements,  since  their  ends 
are  pomted  only  in  very  rare  cases,  being  for  the  most  part  swollen  in  a  davate 
manner,  although  often  truncate ;  enlargements  and  constrictions  and  pecu- 
liarly shaped  indentations  and  lobes  are  of  almost  regular  occurrence,  being  for 
the  most  part  confined  to  one  side  of  the  bast-fibre  (for  details,  see  loc.  cit.). 

APPENDIX:    OCTOLEPIS  AND  GONYSTYLUS  (p.  721). 

In  the  four  new  species  of  Octolepis,  recently  established  by  Gilg,  he  likewise 
demonstrated  mudlage-cells  in  the  pith  and  cortex,  and  the  absence  of  intraxylary 
phloem. 

Literature :  rThonvenin,  Bols  d'alo^  et  d'aigle,  Jonrn.  de  Pharm.  et  de  Chim.,  1895,  n.  i,  a.] — 
KnobUoch,  OkoTog.  Aoatomie,  etc.,  Habilitat-Schr.,  Tiibingen,  1806,  p.  11  et  seq. — Boeij^efeo, 
Exkun.  i  Sydspanien,  Bot  Tidsskrift,  xxi,  1897-8,  pp.  143,  14^  (^TAjmelaea  ^im«/a).— Keinler, 
Daphne^  in  Eogler,  Bot  Jahrb.,  xxt,  1898,  pp.  34,  35.— J.  Moller,  I^nm  aloes,  Phannaz.  Pott, 
iTxi,  1898,  aep.  copy,  a8  pp. — Gilg,  OcUlepis^  in  Engler,  Bot  tahrlK,  zxviii,  1899,  p.  141. — 
Leiaeiing,  Intozylares  Leptom,  Diss.,  Berlin,  1899,  pp.  13,  i4^Peterten,  Vedanatomi,  ipoi,  pp. 
53»  54  iDaphtu  Meureum^  L.).— Pitard,  P^ricyde,  Thte,  Bordeaux,  1901,  p.  9a.— Bamgu- 
Petmod,  Legnami,  Malpighia,  1903,  p.  334  (jGcf^stylus). — Clandltz,  Blattanat  canar.  Gew.,  Diss., 
Basel,  190a,  pp.  37-9  (finidiun^.^-\tMij  Bastfasem  der  Thymelaeac.,  Osterr.  bot  Zeitschr.,  190a, 
pp.  151-4  and  338-31. — [Annarl,  Piante  della  reg.  medit.,  Annali  di  Bot.,  i,  1903,  p.  17  et  acq. 
0aphne\'\—Co\i  Faisceaux,  Ann.  sc.  nat.,  s^.  8,  t.  xx,  1904,  p.  160,  etc— SUsaengnth,  Behaanugs- 
verb.  d.  Wiirzb.  Moschelkalkpfl.,  Diss.,  Wiirzborg,  1904,  p.  50. — Areschong,  Trop.  vaxt.  bladbyggn., 
St.  Vet  Akad.  Handl.,  39,  n.  a,  1005,  pp.  39-45  (/'Aa/^rM).~Froinmd,  Flantas  text  chiL,  190^, 
p.  35. — Giinther,  Anat.  d.  Myrtidoren,  Din.,  BrnUo,  1905,  p.  33. — Boorsma,  Aloeholz,  Boll,  da 
Depart  de  rAgiicaltnre  anx  Indes  upland.,  n.  vii,  1907,  pp«  6-19. 


PENAEACEAE  (pp.  722-724). 
The  thin-walled  cells  of  the  cork  mentioned  on  p.  723  consist  of  cellulose. 

Literature:  Knoblaucb,  Okolog.  Pflanzenanat.,  etc.,  Habilitat-Schr.,  Tubingen,  1896,  p.  33  et 
seq. — Giinther,  Anat  d.  Myrtifloren,  Diss.,  Breslao,  1905,  pp.  3i,  33. 

ELAEAGNACEAE  (pp.  724-726). 

Literature:  Petersen,  Vedanatomi,  looi,  pp.  55,  56  {Hipptfkae  rhammidiSy  L.). — ^Pitard, 
P^ricyde,  Thte,  Bordeaux,  1901,  p.  90.»Uiintbcr,  Anat  d.  Myrtifloren,  Diss.,  Bredan,  1905,  pp. 
33,  34.— Picdoli,  Legnami,  Boll.  Siena,  1906,  p.  178. 


*  Leisering  maintains  that  Van  TIegbem's  results  are  dted  incorrectly  on  p.  730  of  this  book,  bol 
that  is  not  the  case;  in  Ann.  sc.  nat,  s^.  7,  t.  xvii,  1893,  it  is  distinctly  stated  that :  <  ces  bandes 
procMent,  comme  le  reste  dn  bois,  dn  bord  mteme  de  Tassise  g^n^trice.' 

'  Spedes  of  the  following  genera  were  examined :  Cryptadinia^  DaiSy  Daphm,  DaphnopHSy 
Ditranciepis,  Dirca,  Etigeworthia^  Gmidia^  LagttUt,  Passerina,  RkamncmuroHt  TnynUmea, 
Wikstroimia, 
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LORANTHACEAE  (pp.  726-730). 

1.  Review  of  the  ANATOiacAL  Features.  In  the  Visceae  the  place  of 
the  cork  is  taken  by  a  '  cnticular  epithelium.'  Anomalous  structure  of  the 
axis  in  the  form  of  concentric  rings  of  vascular  bundles  occurs  also  in  LoratUhus 
sp.  (Deistel,  n.  77,  Cameroon). 

2.  Structure  of  the  Leaf.  Van  Tieghem's  numerous  publications  on 
this  Order  contain  scattered  observations  regarding  the  distribution  of  the 
sclereids  in  the  mesophyll^  a  feature  which  he  considers  to  be  of  primary  im- 
portance,  furthw  on  tiie  d^tribution  of  the  groups  of  silicified  cells,  the  storage 
tracheids,  the  transversely  placed  stomata,  &c. ;  we  may  pass  over  th^  data 
here  as  weU  as  the  detailed  statements  on  the  structure  of  the  axis,  since  we 
may  expect  to  find  them  summarized  in  Van  Tieghem's  monograph ;  the 
citation  of  the  numerous  new  generic  names  in  connexion  with  the  anatomical 
features  does  not,  moreover,  appear  suited  to  the  purposes  of  this  book.  Hypo- 
derm  (composed  of  one  or  two  layers)  has  recently  been  recorded  by  Holtermann 
in  the  leaf  of  LoratUhus  capUeUatus  ;  it  had  not  hitherto  been  observed  in  this 
Order. 

3.  Structure  of  the  Axis.  In  the  Visceae  (Viscum^  Arceuthobium^ 
DendropMkora^  Pharadendron,  Notothixos)  no  cork  is  formed;  according  to 
Damm  (for  details,  see  loc.  cit.)  the  epidermis  at  first  keeps  pace  with  the  growth 
in  thiclmess  by  stretching  and  division  of  its  cells,  but  subs^uently  a '  cuticular 
epithelium '  appears  in  place  of  the  cork.  IThis  epithelium  comprises  cells 
t^longing  to  the  epidermis  and  primary  cortex  in  which  the  outer  walls  have 
become  thickened  by  the  formation  of  cuticular  layers. 

I  have  casually  observed  the  case  of  anomalotis  structure  of  the  axis 
referred  to  above  in  material  of  Laranthus^  belonging  to  the  Munich  herbarium 
(cited  above).  The  branch,  which  is  1}  cm.  thick,  has  three  or  four  rings  of 
growth.  The  groups  of  soft  bast  belonging  to  the  individual  rings  of  bundles 
are  separated  from  one  another  bv  sclerosed  medullary  rays,  so  that  in  a  trans- 
verse section  they  appear  like  islands,  which  show  a  concentric  arrangement. 
The  secondary  vascular  bundles  are  developed  in  the  pericyclic  parenchyma 
internal  to  a  zone  marked  by  the  occurrence  of  groups  of  bast-fibres. 

Literatnre:  Van  Tieshem,  Nnmerons  p«pen  in  BnlL  Soc  bot.  de  France,  1895-6. — Boergaok 
og  Piitilsen,  Veg.  paa  de  dansk.  veftind.  0er.  Bot.  Tidsskrift,  xxii,  1898-9,  pp.  107-9  {^'^''Wiihis 
fUMim'iM/^,  Sw.).— Leisering,  Intenyliires  Leptom,  Diss.,  Berlin,  1899,  p.  13.— [Cannon,  Anatoonr 
of  PkoracUndron  villasum,  Bull.  Torrey  Bot.  Club.,  xxviii,  1901,  p.  374.]— Petmen,  Vedanatomf, 
1901,  pp.  71,  7a  {Viscum  a!bum.  L.).— Thisdtoa-Dyer,  Hanstorinm  ox  LorantkMs  afhylim^  AnnaU 
A  Bot.»  1901,  pp.  749-57  and  pi.  xl. — Van  Tiegbem,  Rhizanth^e,  Joum.  de  Bot.,  zv,  1901,  pp. 
366,  367.— 'Damm,  Ban  mehij.  Ferid.,  Beih.  z.  bot  Coitralbl.,  xi,  190a,  pp.  219-60  and  Tab.  i-tv.— 

Van  Ticghem,  Beocarine^  Jonxn.  de  Bot.,  .  .      - 

a^hvllus^  Flora.  1904,  pp.  271-97  and 

Holtennann,  Einflnss  d.  Klimas,  1907, 

xcTii,  1907,  pp.  375-401  and  Tab.  xiii,  ziy.]-^Van  Heghem,  Inovnl^' Ann.  sc.  nat,  wbt.  9,  tl 

▼i,  1907.] 

SANTALACEAE  (pp.  730-737). 

The  rows  of  tracheides,  mentioned  as  occurring  in  the  leaf  on  p.  732,  are 
found  also  in  Osyris  alba^  L.  (Guttenberg). 

APPENDIX :    i.  MYZODENDRON  (p.  733). 

The  species  having  medullary  vascular  bundles  form  the  subsections  Archu 
phyllum  and  Telophyllum,  which  are  regarded  as  genera  by  Van  Tieghem. 

3.  GRUBBIA  (p.  737). 
We  may  add  that  the  periderm  in  Grubbia  rosmarinifolia,  Berg  arises  in  the 
epidermis,  and  is  composed  of  tabular  cells  with  thin  walls,  and  that  in  G*  stricta^ 
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DC*  which  belongs  to  the  section  Ophira^  stone-cells  occur  in  the  primary  cortex 
and  nnmerous  bast-fibres  in  the  secondary  bast  (Van  Tieghem). 

Literature:  Van  Tieshem,  Mjzodendrao^es,  BolL  Soc  bot  de  France,  1895,  p.  558. — ^Van 
Tieghem,  Gnbbiacte,  Jonni.  de  Bot.,  1897,  pp.  137-38.— Volkens,  Ostafrik.  SandelhoU, 
NoUzbL  Berliner  bot.  Garten,  etc.,  n.  9,  1897,  pp.  a7a-5.---[Knsano,  Haustorinm  of  BuekUfa 
fmuHaUif  Bot.  Magac,  Tokyo,  xiv,  1900  (Jap«neie).] — Pitard,  PM^de,  Th^  Bordeaux,  1901, 
p.  95.— Knsano,  Parasitism  oiBmckl^a  quadriala,  Joiim.  College  of  Sc.  Imp.  UdIy.  of  Tokyo,  xrU^ 
Art.  10, 1902,  46  pp.,  I  Tab. — [Barber,  Haustoria  of  Sandal  roots,  Indian  Forester,  xud,  1905. 
pp.  189-301,  pi. ;  abstr.  in  Jnst,  1905,  ii,  ji.  $3.]— Fraysse,  Sa9oirs  de  VOsyris  alba^  Comptes  rendns 
Kris,  cxl,  1905,  pp.  370,  371 ;  and  Parasitisme  de  VOsjm's,  loc  cit,  pp.  318,  319.— {Btfber,  Han* 
storinm  of  Santalum  alburn^  Mem.  Departm.  Agr.  Ind.,  Botany,  1906,  30  pp.] — [Pizxoni,  Anstori 
dell*  Osyris  alba^  Annali  di  Bot,  iv,  1906^  pp.  79-98  and  Tab.  iiia.]— Gnttenbeig,  LanbbL  d, 
Mediterranflora,  in  Engler,  Bot.  Jahrb.,  xxxviii,  1907,  p.  419  {OsyrU  alba^  L.). 

BALANOPHOREAE  (pp.  738,  739). 

We  may  add  that  stomata  have  recently  been  observed  on  the  scale-leaves, 
bracts  and  certain  parts  of  the  flower  in  Cynamarium  coccinewn,  the  ordinary 
pairs  of  guard-cells  being  accompanied  by  twin-stomata  and  stomata,  in  which 
one  or  both  of  the  guard-cells  are  transversely  divided  into  two  cells  (Pirotta 
and  Longo). 

Uteratnre:  Pirotta  e  Longo,  Stomi  nel  Cjmcmorium,  Rendinc  Accad.  dd  Lincei,  tiU,  1890, 
pp.  98-100.— Baocarini  e  Caimarella,  Cymmorium  coceimum^  Rendinc.  Accad.  dei  lincei,  m, 
I599»  pp.  317-30  and  [Atti  Accad.  Giocnia  sc.  nat  Cattania,  ser.  4,  xil,  1899,  60  pp.,  3  Tab.].— 
Poodi,  SpaltoflhiiDgsapparat,  Jena,  190$,  pp.  69,  70.— [For  further  literature,  see  p.  1169.] 

EUPHORBIACEAE  (pp.  739-763). 

1.  The  Review  of  the  Anatomical  Features  requires  the  following 
additions : 

The  cork  may  occasionally  develop  in  the  pericyde. 

Oxalate  of  lime  :  Styloids  occur  also  in  Claoxylon  (incl.  Micrococca)  and 
Etythrococca  ;  some  of  the  idioblasts  containing  clustered  crystals  are  of  sub- 
epidermal  origin,  but  push  their  wav  between  the  epidermal  cells. 

Internal  secretory  system :  Elongated  secretory  sacs  (V),  like  those  of 
MaUotuSy  are  found  also  in  species  of  Amanoa  and  Uapaca^  while  sac-shaped 
secretory  cells  (VI),  which  are  situated  in  the  epidermis  of  the  leaf  and  resemble 
those  of  Ricinus,  have  been  observed  also  in  species  of  Bischoffia  and  Mareya. 

Trichomes :  Branched  multicellular  clothing  hairs  occur  in  species  of 
PhyllafUhus^  and  peltate  hairs  also  in  Crotonogyne. 

Anomalous  structural  features  of  the  axis :  Lepidoturus  (Acalypheae) 
likewise  has  interxylary  phloem.  Cortical  vascular  bundles  are  found  in 
certain  Euphorbias. 

The  following  anatomical  features  still  deserve  notice:  Cork-cells,  the 
walls  of  which  are  partly  encrusted  with  small  crystals  of  oxalate  of  hme  (in 
species  of  Croton) ;  fibrous  cells  in  the  primary  cortex  or  pith,  as  the  case  may 
be  (in  species  of  AngosfyUs,  Concevnba,  Euphorbia^  and  nyaenanche) ;  occur- 
rence 01  palisade  tissue  or  of  large  lacunae  in  the  primary  cortex  (species  of 
Eupharbta) ;  strong  development  of  the  primary  cortical  parenchyma  owing  to 
the  activity  of  a  secondary  meristem  (in  the  Cactus-like  Eupharbtas) ;  stomata 
placed  transversely  to  the  longitudinal  axis  of  the  stem  (in  certain  Euphorbias), 

2.  Structure  of  the  Leaf  K    We  may  add  the  following  details  to  the 


>  Amoog  the  papers  reocntly  pttblislied  00  the  syttematic  anatomj  of  thbOrder  we  rnvf,  at  a 
..»]emcat  to  the  Motnote  on  p.  741.  mentioQ  Gaudier*] 
omtribotioo  ii  that  pablished  in  Ana.  sc.  nat»  th.  8,  t  xr. 


sapplemcnt  to  the  fMitnote  on  p.  741.  meatioQ  Gaadier's  investigations.    The  most  important 
"*'■'*  .      /    «  .  Unfortnnattly,  howtrer,  the  literatnre. 
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section  dealing  with  the  structure  of  the  epidermis  (p.  741).  The  lower  epidermis 
of  Euphorbia  fubescens  has  jagged  lateral  walls  with  projections  in  the  angles, 
just  as  in  the  epidermis  of  many  petals.  Gelatinization  of  the  epidermis  pf  the 
leaf  is  fotind  aJso  in  species  of  oaccaurea  (see  Rothdauscher  and  Areschoug).- 
A  thick  covering  of  wax,  consisting  of  small  rods,  is  found  on  the  leaves  in 
Euphorbia  piscaknia^  Ait.,  the  layer  of  wax  being  interrupted  above  the  stomata 
by  gaps,  the  size  of  which  corresponds  to  that  of  the  stomata.  Incrustaticnis 
of  wax,  which  show  the  same  structure,  and  may  be  as  much  as  70  /&  thidk, 
also  cover  the  epidermis  of  the  axis  in  the  Cactus-like  Euphorbias ;  they  are 
perforated  above  the  stomata,  around  which  they  are  occasionally  {E.  TirucaUi) 
elevated  to  some  height  in  the  form  of  a  broad  rmg  of  wax.  Papillose  develop^ 
ment  of  the  epidermis  of  the  leaf  has  been  observed  also  in  Breynia  disHcha^ 
Miill.  Arg.  ana  B.  rubra^  Miill.  Arg.  (Phyllantheae,  on  the  h>wer  side),  as  well  as 
in  Euphorbia  BroUri,  Daveau  (on  both  sides),  E,  iendroides^  E.  flavicoma, 
E.  jacquiniaefiora.  Ait.,  E.  Myrsinites  (on  bo&  sides),  E.  nicaeensis  and  £. 
piscat&ria^  Ait ;  a  many-layered  h3rpoderm  occurs  on  the  upper  side  of  the 
ericoid  leaves  of  Micranth^mum  ertcoides^  Desf .,  ilf .  hexandrum^  Hook,  f .  and 
Stackystemon  vermicularis^  Planch.  (Caletieae) ;  a  one-layered  hypoderm,  often 
composed  of  laree  cells,  is  present  on  the  lower  side  of  the  leaf  in  tnexerophilous 
speaes  of  Euphorbia  (e.g.  E.^Pepiis,  L.,  E.  Prediit  E.  aegyptiaca).  In  the 
species  of  Ei^horbia  belonging  to  the  subgenus  AnisophyUum  the  atomata 
are  exceptiondly  small.  Their  development  in  Euphoroia  conforms  either  to 
the  Ranunculaceous  or  Rubiaceous  types ;  the  latter  type  occurs  quite  generally 
among  the  stomata  on  the  succulent  stems  of  a  group  of  species  of  Euphorbia^ 
which  are  indigenous  in  Madagascar,  and  have  been  examined  by  Costantin 
and  (jallaud.  Subsidiary  cells,  placed  pandlel  to  the  pore,  are  present  also  in 
Leptonema  venosum,  Juss.  and  Thecacoris  gymnogyne^  Pax  (Phyllantheae). 
The  pairs  of  guard-ceUs  are  arranged  transversely  to  the  longitudinal  axis  of 
the  succulent  stems  in  Euphorbia  AUuaudi^  Drake,  E.  Uucadendron^  Drake,  and 
E.  oncoclada,  Drake,  whilst  in  the  related  species  the  pores  of  the  stomata  lie 
parallel  to  the  longitudinal  axis  (Costantin  and  (jallaua). 

With  reference  to  the  structure  of  the  leaf  (p.  743)  we  may  first  mention 
that  rolled  leaves  with  a  furrow  to  the  right  and  left  of  the  median  vein  occur 
also  in  certain  species  of  Cluytia^  e.g.  C.  pdifoUa^  Jacq.,  C.  pterogona^  Miill.  Ai^., 
C  jmbescens,  Sond.  and  C.  Rustii,  Knauf  (Knauf).  Sclerenchsmpatous  fibres 
running  freely  in  the  mesophyll  are  recorded  by  Gaucher  also  in  species  of 
Glochiaion  {Phyllanthus)^  the  names  of  which  are  not  given  ;  '  branched  sderen* 
chymatous  cells  traversing  the  mesophyll  in  a  reticulate  manner  *  are  described 
by  Koorders  in  Chondro^lis  bancana,  Boerl. ;  sclerenchymatous  cells  resem* 
bling  rod-cells  by  Areschoug  in  the  palisade  tissue  of  Excoecaria  AgaUocka, 


ap*rt  from  Pax*t  p«per  (in  Eogler's  Tahrb.,  v),  is  not  Uken  into  considentioa  by  Gaucher,  so  that  it 
will  be  necessary  to  reinvestigate  those  statements,  which  are  contradictory  to  the  earlier  ones, 
especially  those  referring  to  the  occurrence  of  receptacles  for  water-storage  (loc.  cit.,  pp.  217,  aiS^ 
some  of  these  are  probably  gelatinized  epidermal  oelb)  and  the  duplication  of  the  epidmiis  (loc.  cit, 
pp.  a  1 9,  a  30,  as  well  as  p.  29$,  gelatinized  epidermal  celb  ?)  in  the  leaS,  and  statements  dealing  with 
the  secretory  organs  and  the  intraxylary  soft  bast  Gaucher  also  determined  the  anatomical  features 
in  a  large  number  of  genera,  which  had  not  previously  been  examined,  and  has  thus  advanced  our  know- 
led^  of  the  anatomv  of  the  Euphorbiaceae.  These  genera  are  as  follows  (arranged  under  the  tribes 
distmguished  by  Miiller-Arg.) :  1.  Caletieae :  Mkrantheum^  Stachystemon,  iii.  Ampereae :  Mcnoimxis^ 
iv.  Phyllandieae :  Agyima^  Buraeayia  (not  enumerated  in  Miiller-Arg. 's  system^  CkwiopkyUtui^ 
(not  enumerated  in  Miiller-Arg.*s  system),  Cvaihcgyne^  Hyaenanche  {Toxicodemovn),  LepAmema, 
Maesobctrya  (not  enumerated  m  Miiller-Arg.  s  system),  PuudoUuhnosti^lis^  Reoerckomui^  Sibtufgea 
(not  enumerated  in  Mflller-Arg.'s  system),  Thecacoris,  Uapaca,  t.  Bridelieae:  CieisUmikm,  vii 
Acsl^heae :  Alchameofsis,  Angostylis^  Crotonogyne,  Erythrocoua*  Hasskartia,  Lasiocroitm^ 
LfuUsia,  LtpidotuTHs,  Matmiophyton,  Mareya^  Mischoden^  Neoboutoma,  Plaiygym,  J^ctiocmHO. 
viii.  Hippomaneae ;  Benneiia  {GaUarid),  Cheiiosa^  Ompkalio.  z.  Euphorbieae:  AntM§sttma^ 
Pedikmthus,  Synadenium. 
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Miill.  Arg. ;  and  enlarged  terminal  tracheids  by  Gaucher  in  Amanoa  oblof^folia^ 
Miill.  Arg.  and  certain  species  of  Euphorbia  (e.g.  E.  Broteri,  E.  Myrsinites  and 
E.  splendens).  In  Discocarpus  (e.g.  D.  Spruceanus,  Miill.  Arg.)  and  Briddia 
micraniha^  Miill.  Arg.  Gaucher  describes  and  figures  sclerenchymatous  plates, 
which  traverse  the  mesophyll  in  the  vertical  direction  and,  according  to  him 
(loc.  cit.,  pp.  210, 211),  do  not  include  any  vascular  elements ;  in  all  probability, 
however,  they  are  merely  veins,  which  are  vertically  transcurrent  by  means  of 
sderenchyma. 

According  to  Gaucher,  the  sheath  of  large  parenchjonatous  cells  with  wide 
lumina,  previously  recorded  in  certain  species  of  Euphorbia  (in  ths  section  dealing 
with  the  structure  of  the  veins,  p.  744),  is  a  feature  characteristic  of  those 
species  of  the  genus  which  belong  to  the  subgenus  AnisophyUum.  Similar 
sheaths  of  wide  parenchymatous  cdls  containing  tannin  accompanv  the  sderen^t 
chyma  of  the  veins  in  species  of  Amanoa^  Discocarpus  and  Pseudolachnostylis. 
There  is  a  complete  absence  of  sclerenchymatous  tissue  accompanying  the 
veins  in  the  Euphorbias. 

According  to  Gaucher,  oxalate  of  lime  (cf .  pp.  744-6)  is  found  in  the  form 
of  styloids  (in  cells  which  traverse  the  entire  thickness  of  the  mesophyll)  also  in 
Claoxylon  OC.  affifte^  ZoU.  and  other  species),  as  wdl  as  in  Micrococca  Mercurialis^ 
Benth.  {Ctaoxylon  MercuriaUs^  Thw. ;  this  record  is  not  in  agreement  with 
Rittershau3en  s  earlier  statement)  and  Erythrococca  (E.  aculeata^  Benth.  and 
E.  capensis,  MiilL  Arg.).  The  results  of  Knoll's  work  have  shown  the  necessity 
for  a  reinvestigation  of  the  course  of  development  of  the  crystal-cells  in  the 
case  of  the  earlier  statements  on  the  occurrence  of  clustered  crystals  in  the 
epidermis,  or  at  least  in  the  case  of  some  of  them ;  the  object  of  the  reinvestiga- 
tion being  to  determine  whether  these  elements  really  belong  to  the  integumental 
tissue  or  whether  we  are  concerned  with  cells  (containing  clustered  oystals)  of 
the  subepidermal  layer,  which  push  their  way  in  between  the  epidermal  cells  or 
even  extend  beyond  them;  the  second  alternative  applies  to  Dalechampia 
RoezUana,  MiilL  Arg.  (probably  also  to  other  Acalypheae)  as  well  as  to  the 
hairs  containing  clustered  crystals  found  in  PUikendia  and  Fragariopsis  (see 
below). 

Cells,  which  contain  clustered  crystals  and  are  either  actually  or  apparently 
situated  in  the  epidermis,  are  recorded  by  Gaucher  also  in  species  of  Securinega 
{FlUggea,  Phyllantheae),  Briddia  (where  there  are  small  noups  of  cells  containing 
pxalate  of  lime),  Crotonogyne  and  Manniophyton  (Acalypheae),  and  species  ox 
Jatfopha  (not  mentioned  in  Herbert's  papor ;    Hippomaneae). 

According  to  Gaucher,  the  crystalline  bodies,  found  in  Euphorbia  splendens 
tsee  p.  746J  and  regarded  by  Pax  as  crj^tals  of  abietinic  acid,  consist  of  oxalate 
of  lime,  which  is  absent  in  other  species  of  Euphorbia.  For  the  sphaerites  of 
calcium  phosphate  and  calcium  noalophosphate  occurring  in  the  Cactus-like 
Euphorbias^  see  also  Gaucher;  and  regarding  the  colouring-matter  (which 
produces  a  blue  tint)  in  dried  plants  of  MerctmaUs,  see  Fructu^  loc.  dt.  The 
former  are  found  also  in  certain  Euphorbias,  which  do  not  have  a  cactoid  habit 
(e.g.  E.  airopurpurea  or  E.  Lathyris),  as  well  as  in  Pedilanihus  carinaius.  The 
strongly  refractive  (silidfied  ?)  bodies,  observed  hy  Enauf  on  the  walls  of  the 
epid^mal  cells  in  the  isothermous  spedes  of  Cluyha,  as  well  as  in  other  spedes 
of  this  genus,  still  require  doser  investigation  (cf .  Herbert,  Diss.,  p.  24). 

To  the  section  dealing  with  the  secretory  elements  of  the  Euphorbiaceae 
(p.  746  et  seq.)  the  following  details  may  be  added  i-^ 

I.  Lattdferotis  cells.  As  r^;ards  the  distribution  of  these  elements  we 
may  note  that,  contrary  to  Herbert,  Gaucher  records  them  in  ChtyHa;  he 
likewise  mentions  their  occurrence  in  Omphalea,  which  bdongs  to  the  same 
Tribe  (Hippomaneae),  and  the  genera  Anthostema,  Pedilanihus  and  Synademium 
(Euphorbieae),    The  latidferous  tubes  have  beoi  observed  to  penetrate  into 
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the  mesophyll  also  in  Julocraton.  In  Euphorbia  and  ifaearanga  they  often  have 
very  wide  lamina  and  are  surrounded  by  a  sheath  of  smsSl  cdls  omtainin^ 
starch,  so  that  they  appear  like  secretory  canals.  The '  reticulate  anastomos^ 
described  by  Mayus  m  the  mesophvU  of  Euphorbia  Laihyris  are,  no  doubt,  the 
result  of  incorrect  observation  \  Molisch  records  rod-shaped  starch-grains  in 
the  contents  of  the  laticif erous  cells  also  in  Hippomane  bigtandulosa,  Aubl.  and 
PidUantkus  tiikymaloides,  Poit.,  crystalloids,  not  only  in  Jatropha  Curcas,  but 
also  in  /.  glauca^  Hort.,  /.  gossypiifoUa^  L.  and  /.  podagrica^  Hook.,  peculiar 
spherical  elaioplasts  in  Hofmilantkus  pofmlneus.  Pax,  and  an  accumulation  of 
magnesium  in  the  latex  of  Euphorbia  mammiUans. 

IV.  The  latidferous  or  tamdniferoas  elements  com{»ised  in  this  section 
are  likewise  considered  in  Gaucher's  work.  He  distinguishes  betweoi  rows 
of  secretory  cells  of  equal  length  (Type  '  Acalypha  *)  and  rows  of  secretory  cdb 
of  unequal  length  (Type  '  Macaranga  digyna,  MiiU.  Arg.'  with  ratho:  long  and 
rather  short  cells,  and  Type  *Alchornea  cotdata^  MulL  Aig.'  with  very  long  and 
very  short  cells) ;  the  division-walls  between  the  cells  may  or  may  not  be 
resorbed.  Renewed  investigations  both  on  a  developmental  and  on  a  s^tematic 
anatomical  basis  are  required  to  enable  us  once  and  for  all  to  obtain  a  clear 
conception  of  the  nature  and  systematic  value  of  these  secretory  oigans. 

V.  According  to  Cxaucher,  the  wide-lumened  secretory  sacs  of  MaUatus 
(ilf .  ricinoides,  MiiU.  Arg.),  which  were  referred  to  under  Section  V,  arise  from 
a  cylindrical  complex  of  irr^nilarly  arranged  cells  containing  secretion ;  the 
same  mode  of  orijgin  is  ascribed  to  the  tanniniferous  sacs  of  a  similar  type 
which  are  found  in  Atnanoa  *  javanica^  Hiq.'  (Zollinger,  n.  1662,  Java)  and 
Uapaca  Heudelotii^  BaiU. 

VI.  The  tubular  secretory  cells  present  in  the  epidermis  of  the  leaf  in 
Ricinus  communis^  Miill.  Ar^.  may  be  associated  with  (a)  simflar  epidermal 
secretory  cells  which  occur  in  Bischoffia  (accordiuj;  to  my  own  observation, 
Hippomaneae),  although  in  this  case  they  are  provided  witii  undulated  lateral 
walls  like  the  remaining  epidermal  cells,  and  (b)  tanniniferous  elements  with 
wide  lumina  occurring  in  the  lower  epidermis  of  Mareya  br$vis.  Pax  (according 
to  (jaucher,  Acalypheae).  In  this  connexion  we  may  also  note  that  a  few 
enlarged  tannini^ous  cells  occasionally  occur  in  the  palisade  and  spongy  tissues 
(e.g.  m  the  palisade  tissue  of  Andrachne  cordifolia,  MiilL  Arg.),  tluit  a  layn*  of 
tanniniferous  cells  is  situated  beneath  the  typical  palisade  layer  in  CrokmogyM 
Zenkeri,  Pax,  and  a  similar  one  in  the  spongy  tissue  in  taperonia  cordata^ 
St.  Hil. 

VII.  Intercellular  secretory  receptacles  like  those  previously  recorded 
have  been  found  in  the  following  additional  cases  :  in  the  primary  cortex  of 
Chtytiahirsuia^  Miill.  Aig.  (according  to  Pax);  in  the  primanr  cortex  of  CluyHa 
alaiernoides^  Miill.  Arg.  (cf.,  however,  p.  752)  and  C.  pulduila^  MtUl.  Aig.  (ac- 
cording to  Gaucher) ;  and  in  a  subepidermal  position  in  the  branches  and  scale* 
leaves  of  Hura  crepitans,  L.  (according  to  Gilles). 

To  the  subsequent  paragraphs,  which  deal  with  the  hairy  covering  (p.  753 
et  seq.)  the  following  data  regarding  the  clothing  hairs  (see  undo:  I)  may  first 
be  added.  littie  branched  dothing  hairs  occur  in  species  of  PhyllaiUhus,  the 
namesof  which  are  not  given.  Peltate  hairs  are  found  also  in  Croiondgyne,  and 
sderenchymatous  columns,  connecting  the  trichomes  on  the  two  sides  of  the 
leaf,  also  in  Juhcroton  motUevidensis,  Klotzsch.* 

II.  Glandular  hairs.  The  extrafloral  nectaries  (see  p.  755)  have  reoentiy 
been  examined  in  detail  in  Excoecaria  (by  Poulsen),  Hevea  (by  Daguillon  and 

^  One  oerUinl^r  do^  meet  with  H-ihiiped  conneiion»,  which  may  be  explained  at  doe  to 
branching,  but  there  are  no  typical  reticnlate  anastcmiosei. 

*  The  plant  examined  by  Aretchovg  (1905}  and  described  as  Bridelia  tffminUsa,  BL  wUh  a 
qoery,  bean  nniceUnlar  two-armed  trichomei  and  probably  does  not  belong  to  the  genns  Sridtlis. 
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Coupin  and  also  by  P^kin)  and  Macaranga  (by  Smith).  They  resemble  the 
glands  of  Ricinus^  &c.  and  the  glands  occurring  on  the  cyathium  (see  Gaucher) 
in  havii^  a  secretory  palisade  epidermis.  In  Excoecaria  biglandulosa^  MM.  Arg» 
this  epidermis  clothes  a  slit-shaped  canal  in  the  pe^-shaped  nectary,  \^ch  lies 
at  the  base  of  the  lamina.  Both  in  Hevea  brasUtensis^  Miill.  Arg.  and  in  H. 
Spruceana^  Miill.  Arg.  the  nectaries  are  situated  at  the  apex  of  the  petioles  of 
the  foliage-leaves  and  are  accompanied  by  bud-scales,  some  of  which  are 
entirely  transformed  into  nectaries ;  the  upper  epidermis  of  these  bud-scales 
is  more  or  less  completely  modified  to  form  a  secretonr  palisade  tissue,  which 
for  the  most  part  consists  of  a  single  layer  of  cells,  out  at  certain  points  is 
composed  of  two  or  three  layers.  Smith  mentions  the  occurrence  of  multi- 
cellular glandular  structures,  which  are  stated  to  be  of  the  nature  of  food-bodies, 
on  the  stipules  of  the  myrmecophilous  species  Macaranga  triloba. 

III.  The  earher  statements  regarding  the  stinging  hairs  (discussed  under 
Section  III,  to.  756, 757),  which  are  found  in  the  genera  Cntsfnane,  Leptarbachis, 
and  Tragia  ot  the  Acalypheae,  as  well  as  in  Daledtamfna^  require  a  considerable 
amount  of  correction  as  a  result  of  Knoll's  work.  This  author  in  the  first  place 
examined  the  structiu-e  and  course  of  development  of  the  stinging  hairs,  found 
in  Dalechampia  Roezliana^  Miill.  Arg.  var.  rosea;  the  hairs  of  this  plant  corre- 
spond to  those  shown  in  Fig.  180,  ^  on  p.  748,  although  the  latter  nave  a  more 
compUcated  structiu-e.  The  investigation  has  brought  to  light  the  fact  that  the 
outer  part  of  the  pedestal  in  these  hairs  consists  of  3-5  epidermal  cells,  which  are 
elevated  above  uie  surface  to  a  considerable  extent  and  envelop  an  elongated 
central  cell,  which,  as  its  mode  of  development  shows,  does  not  belong  to  the 
epidermis,  but  arises  subepidermally ;  the  pointed  end  of  the  central  cell,  which 
contains  the  crjrstal  of  oxalate  of  lime,  projects  far  beyond  the  limits  of  the 
pedestal.  The  '  middle  cell '  and  '  terminal  cell '  previously  mentioned  are 
thus  but  a  single  cell,  which,  moreover,  belongs  to  the  subepidermal  layer  and 
not  to  the  epidermis.  Similarly,  the  unicellular  stinging  hairs,  figured  for 
Tragia  cissoides  in  Fig.  180,  P,  are  subepidermal  cells,  miich  have  pushed  their 
way  in  between  the  epidermal  cells  and  thereupon  project  far  beyond  the  level 
of  the  epidermis  like  true  unicellular  (epidermal)  hairs ;  such  cases  necessitate 
a  corresponding  extension  of  the  definition  of  what  is  briefly  styled  a '  hair.' 

Since  the  lower  end  of  the  crystal,  which  is  suspended  in  the  upper  nart  of  the 
central  cell,  is  provided  with  a  pair  of  teeth,  we  are  justified  in  regarding  it  as  a 
reduced  clustered  crystal  in  which  only  one  of  the  projecting  ends  of  the  individual 
crystab  is  strongl^r  developed.  Moreover,  inasmuch  as  the  crystal-cells  (with  clus- 
tered cr3rstsd8),  which  are  situated  in  the  epidermis  of  the  leaf  of  Dalechampia  Roex* 
lianaf  belong  to  the  subepidermal  layer  (see  above,  p.  1049) — ^a  fact  which  has  likewise 
been  determined  by  KnoU — ^it  is  more  than  probable  that  the  crystal-cells  (containing 
clustered  crystals)  supposed  to  have  been  demonstrated  in  the  epidermis  of  other 
membnrs  of  the  Acal3^heae  (and  perhaps  even  of  other  Euphorbiaceae  in  which 
they  occur)  are  likewise  of  subepidermal  origin ;  this  apphes  especially :  (a)  to 
the  ceUs  containing  clustered  crystals  found  in  Caperonia  and  Argyrothamnia^  the 
cells  in  question  projecting  somewhat  after  the  maimer  of  a  hair ;  {b)  to  the  cells 
containing;  sphaerites  found  in  Acalypha  and  Claoxylon,  which  likewise  project 
beyond  the  suriace;  and  (c)  to  the  hairs  with  clustered  crystals  occurring  in 
Fragariopsis  and  Plukenetia  (see  Fig.  180,  S).  The  cells  with  clustered  crystals 
found  in  Caperonia  and  Argyroihamnia^  and  the  hairs  with  clustered  crystals  con- 
stitute transitional  forms  (or,  if  one  prefers,  developmental  forms)  to  tiie  typical 
stinging  hairs  of  Dalechampia^  &c. 

In  accordance  with  the  preceding  statements  I  agree  with  Knoll  also  in 
the  changed  interpretation  of  the  structure  of  the  crystal-hairs  (containing 
clustered  cryst^),  which  are  found  in  Fragariopsis  and  PlukcneHa.  The 
'  epidermal  cdl,  wUch  is  differentiated  as  a  papilla  or  short  hair,  and  contains  a 
duster^  crystal,  the  spines  of  which  are  all  directed  outwards '  and  the '  narrow 
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cell,  which  penetrates  to  a  considerable  depth  in  the  mesophyll '  (see  the  previous 
description,  p.  ^57)9  form  but  a  sin^e  cdl,  which  is  id^tical  with  the  central 
cell  of  the  stmging  hair.  The  division-wadl,  shown  in  Fig.  180,  5,  belongs  to 
the  cellulose-s^tii  enveloping  the  clustered  crystal. 

For  the  structure  of  the  stipular  spines  of  Euphorbia  splendtns  and  E.  ladea^ 
see  Mittmann  and  Barber,  U.  cc. ;  for  the  prickly  structures  found  on  the  axes 
of  Hura  crepitans  and  called  by  the  prick  of  an  insect,  see  Didrichsai,  loc  dt. 

The  petiole  in  this  Order  has  hitherto  been  investigated  only  in  a  very 
inadequate  manner,  especially  in  view  of  the  large  sixe  of  the  drder.  New 
details  regarding  its  structure  will  be  found  in  Candler's  WOTk  (see  Ann.  sc.  nat., 
1902).  According  to  this  author,  the  petiole  in  the  species  of  Euphorbia 
belonging  to  the  subgenus  Anisophyllum  contains  a  single  vascular  bundle, 
while  in  the  remaining  species  of  the  genus  there  are  three  or  four  isolated 
bundles. 

3.  Structure  of  the  Axis.    To  the  list  of  Acalypheae,  which 
intraxylary  phloem  (see  p.  757),  we  may,  on  Gaucher's  authority,  add  . 
turus  (L.  alnifolius,  BailL  and  L.  laxiflorus,  Benth.)  and  Mattotus  siAukUus^  1 
Arg.i 

Cortical  vascular  bundles  are  recorded  by  Kniep  in  Euphorbia  Cyparissias 
and  E.  orietUalis.  t 

The  following  details  may  be  added  to  the  earlier  account  of  th4  develop- 
ment of  the  cork.  In  Euphorbia  atUiquorum  and  E.  piscatoria  Ithe  cork- 
cambium  arises  in  the  inner  layer  of  the  two-lay^ed  epidermis ;  in  Phyttanikus 
WdwitschianuSf  Mull.  Arc;,  it  develops  in  the  second  or  third  lay^,  in  Mischodon 
zeylanicuSy  Thw.  in  the  tibird  or  fourth  layer,  and  in  Baccaurea  ractmosa,  MulL 
Arg.  on  the  inner  side  of  the  sclerenchjnnatous  fibres  of  the  pericyde.  In  some 
cases  the  place  of  origin  of  the  cork  varies  within  certain  Umits  in  diff^ent 
parts  of  the  branch  of  one  and  the  same  species  (for  details,  see  Gaudier). 
According  to  Gaucher,  the  cork  in  Croton  gratissitnus,  Burch.  contains  crystals 
of  oxalate  of  lime,  while  in  Diiaxis  fasciculata,  Juss.  it  indudes  fibrous  cells  with 
thick  walls.  Records  of  the  occurrence  of  crystals  of  oxalate  of  lime  in  the 
cork  will  be  found  also  in  the  pharmacognostic  works  of  A.  Meyer  and  others, 
the  data  referring  to  Cortex  Cascarillae,  which  is  derived  from  Croion  Elu- 
teriay  Benn. ;  the  descriptions,  however,  are  inexact.  According  to  my  own 
investigation  the  cork-cdls  of  the  Cascarilla-bark,  even  in  the  young  branches, 
have  strongly  thickened  outer  tangential  walls^  while  the  innei  tangential  walls 
and  the  radial  walls  are  relativdy  thin ;  the  inner  tangential  walls  and  the 
adjoining  parts  of  the  radial  walls  are  encrusted  with  small  rhombohedral  or 
variously  shaped  crystals  of  oxalate  of  lime,  and  after  the  solution  of  the  latter 
by  means  of  hydrodiloric  add,  those  parts  of  the  wall,  which  were  previ<Nisly 
encrusted,  show  a  network  in  rcJief  corresponding  to  the  insertion  of  the  crystals. 
I  have  found  an  exactly  similar  type  of  incrustation,  which  affects  the  same  parts 
of  the  cell-wall,  in  the  cork-cells  (which  here  have  relativdy  thin  walls  and  wide 
lumina)  of  the  Copalche-bark,  which  is  obtained  from  Croton  niveus,  Jacq.  The 
distribution  of  this  highly  pecuUar  type  of  cork  within  the  genus  Croton  is  worthy 
of  a  more  detailed  investigation  ;  it  makes  its  presence  noticeable  even  in  the 
external  aspect  of  the  plant  owing  to  the  white  colour  of  the  cork.  A  feature 
not  hitherto  recorded  is  the  occurrence  of  fibrous  cells  in  the  primary  cortex  and 
pith.  According  to  Gaucher  they  are  foimd  in  the  primary  cortex  in  Hyaenanche 
(Toxicodendron)  globosa^  Lamb,  et  Vahl  (scattered  dements  with  thick  walls). 


*  The  species  of  Euphorbia^  included  by  Gaucher  (in  Ann.  sc.  nat.,  ipoa,  loc.  dt.,  p.  196)  in  the 
< Type  Euphorbia''  and  <  Tjrpe  Tragia  Okeu^^ua^  Pax/  are  stated  by  him  to  have  woOcly  develop  ' 
strands  of  internal  soft  bast ;  in  all  these  cases,  however,  we  are  probably  conoeined  with  \ 
elements  belonging  to  the  innermost  pans  of  the  xylem. 
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Conceveiba  guianemis^  Aubl.  (slightly  thickened  and  arranged  in  groups), 
Angosfylis  longifolia^  Benth.  (slightly  thickened  and  forming  a  peripheral  zone), 
andf  Euphorbia  xylofhyUoides^  which  has  the  habit  of  a  Cactus  (isolated  elements, 
here  also  in  the  pith) ;  according  to  Costantin  and  Gallaud  (see  also  Fron), 
fibrous  cells  occur  also  in  a  group  of  succulent  species  of  Euphorbia  found  in 
Madagascar  (elements  with  thick  stratified  walls;  confined  to  the  primary  cortex 
in  E.  Geayi,  Cost,  et  Gall.,  E.  Intisy,  Drake,  E.  Laro,  Drake,  E.  rhifsaloideSf  Lem. 
and  E.  TirucaUiy  L. ;  present  both  in  the  pith  and  primary  cortex  m  E.  alcicomis, 
Bak.,  E.  AUuaudi,  Drake,  E.  arsoides.  Cost,  et  Gall.,  E,  Decorsei,  Drake,  E. 
etUerophorOf  Drake,  £.  leucadendron,  Drake,  E.  oncoclada,  Drake,  and  E.  steno- 
clada,  Baill.).  In  the  leafless  species  (e.g.  Pedilanthus  aphyllus,  Boiss.,  Calyco- 
pepius  ephedroides^  Planch,  and  species  of  Euphorbia)  the  primary  cortex  con- 
tarns  palisade  tissue.  In  species  frequenting  a  marshy  habitat  (e.g.  Euphorbia 
palustris)  large  lacunae  are  found  both  in  the  primary  cortex  and  in  the  pith. 
In  the  Cactus-like  Euphorbias  the  primary  cortex  is  particularly  strongly  aeve- 
loped»  the  cortical  tissue  in  these  forms  undergoing  continual  increase  by  means 
of  a  peripheral  meristematic  zone.  The  pericycle  is  developed  in  the  form  of 
a  composite  and  continuous  ring  of  sclerenchyma,  including  stone-cells  with 
U-shaped  thickening,  also  in  Savia  erythroxyloidesy  Griseb. 

DAPHNIPHYLLACEAE  (p.  760). 

The  lower  epidermis  of  the  leaf  includes  groups  of  small  cells  containing  clustered 
crystals  of  oxalate  of  lime  also  in  Daphniphyllum  bancanum,  Kurz  and  D,  laurinum, 
BailL 

BUXACEAE  (pp.  761-763). 

To  the  second  paragraph,  summarizing  the  features  which  are  uniform  through- 
out the  group,  we  may  add  the  following  details.  The  cork  develops  in  the  pericycle 
in  later  stages  also  in  Buxus,  the  superficial  formation  of  the  cork  in  this  case  being 
merely  a  local  phenomenon.  Secretory  cells  are  found  also  in  Buxus  {Eubuxus). 
The  anomalous  structure  of  the  vascular  system,  previously  described  in  Simmondsia 
(which  Van  Tieghem  regards  as  being  related  to  the  Tetrafi^onieae),  occurs  not  onlv 
in  the  stem,  but  also  in  the  root.  Cortical  vascular  bundles  are  found  in  the  old- 
world  species  of  Buxus  ^Eubuxus,  Baill.)  and  in  Notobuxus  naialensis,  Oliv.,  but 
not  in  me  American  speaes  of  the  genus  {Tricera,  Sw.,  as  a  genus). 

The  structure  of  the  leaf  is  bifacial  aJso  in  Styloceras.  it  is  a  remarkable  fact 
that  the  lower  half  of  the  mesophyll  of  the  more  or  less  distinctly  bifacial  leases  has 
a  dense  structure  in  all  cases,  except  in  the  species  of  Buxus  belonging  to  the  section 
Eubuxus.  T3^ical  spongy  tissue  with  large  lacunae,  which  durectly  adjoin  the 
assimilating  tissue  (tms  latter  being  either  of  the  nature  of  palisade  or  consisting 
of  rounded  cells)  and  are  the  cause  of  a  splitting  of  the  leaf  into  two  halves,  is  found 
in  the  species  of  Eubuxus  (e.g.  in  Buxus  sempervirens,  L.);  the  two  halves  of  the 
leaf  are  in  connexion  with  one  another  only  at  the  margin  of  the  lamina ;  the 
process  of  splitting  takes  place  in  the  living  leaf  at  a  time  when  it  has  not  yet 
attained  its  full  size,  and  is  not  merely  a  result  of  the  drying  of  the  leaf.  The  earlier 
statement  to  the  effect  that  oxalate  of  lime  is  wanting  in  the  leaf  of  Buxus  sem- 
pervirens  is  incorrect;  clustered  oystals  occur  in  the  mesophyll  and  ordinary 
solitary  crystals  accompany  the  vascular  bundles  of  the  veins,  and  in  addition  to  that 
one  finds  a  peculiar  land  of  crystal-sand,  composed  of  relatively  large  prismatic 
crystals,  which  occasionally  have  a  corroded  appearance*  The  ceUs  containing 
this  crystal-sand  give  rise  to  the  small  white  dots,  which  are  visible  even  to  the 
naked  eye  along  the  median  vein  on  the  lower  side  of  the  leaf.  Secretory  cells 
are  present  also  in  the  mesophyll  of  Buxus  sempervirens^  and  Van  Tiejghem  has 
likewise  observed  thpm  in  the  mesophyll  and  rrimary  cortex  of  B.  balearica,  Willd. 
and  in  the  primary  cortex  of  Simmondsia.  The  secretory  cells  of  Buxus  semper- 
virens  show  up  prominently  in  the  palisade  tissue  owing  to  their  large  size  and  in 
the  spongy  tissue  owing  to  a  reduction  in  the  development  of  the  arms ;  their 
bright  contents,  which  are  strongly  refractive  (in  the  hving  leaf),  are  insoluble  in 
water  and  alcohol  and  assume  a  deep  brown  colour  on  treatment  with  a  solution 
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of  Iodine.  Qothing  hairs  are  found  also  in  Bux%is  ;  in  B.  semf^rvirens  they  are 
uniseriate  and  composed  of  two  or  more  cells  with  thick  walls,  while  in  B.  acumtnatm^ 
MfilL  Are.  and  B.  kildebrandtii,  BailL,  for  instance,  they  are  unicellular.  Boergeso:! 
and  Paulsen's  statement  as  to  the  occurrence  of  deeply  sunk  external  glancb  on 
the  leaf  of  B.  Vahliu  BailL  ('  Tricera  laevigata^  Sw.')  requires  closer  investigation. 

In  Pachysandra^  Sarcococca  and  Styloceras^  the  American  species  of  Buxus 
iTricera)^  Notobuxus  natalensis,  Oliv.  and  the  African  spet^es  of  Buxus  (B.  Hilde- 
irandtii,  BailL,  B.  Mac-Owanu  OUv.,  B.  madagascartca,  BailL,  B.  pediceUatus, 
Van.  Tiegh.)  the  petiole  contains  three  vascular  bundles,  viz.  a  large  median 
bundle  and  two  smaller  lateral  ones;  inNotobuxus  and  in  the  American  and  African 
species  of  Buxus  these  lateral  bundles  form  the  mamnal  vein  of  the  leaL  On  the 
other  hand,  in  the  European  and  Asiatic  species  of  Buxus  belon^^ing  to  the  section 
Eubuxus  (which  in  accordance  with  Van  Tiefi[hem's  investigaticms  is  better  restricted 
to  include  only  the  species  just  mentioned,  the  above-named  African  species  of 
Eubuxus  being  best  classed  with  Notobtums)  the  petiole  contains  only  a  an^e 
vascular  bundle,  which  is  accompanied  on  either  side  by  a  strand  of  fiores.  The 
petiole  of  Simmondsia  contains  an  arc-shaped  vascular  bundle,  vrtdch  soon  becomes 
closed  to  form  a  ring. 

The  distribution  and  general  course  of  the  cortical  vaicular  bandies  of 
Buxus  has  been  determined  by  Van  Tie^hem's  recent  investigations.  Cortical 
bundles  are  found  in  all  the  European,  Asiatic  and  African  species  of  Buxus^  as  well  as 
in  Notobuxus  natalensis^  but  do  not  occur  in  the  American  species  of  Buxus  ( Tricera) ; 
as  in  the  case  of  B.  sempervirens  the  bundles  are  four  in  number  and  show  normal 
orientation  of  their  wood-  and  bast-groups.  In  the  European  and  Asiatic  species 
of  Buxus  the  bundles  are  supported  by  a  strand  of  bast-fibres  situated  on  their 
outer  side  (i.e.  adjoining  the  bast);  whereas  groups  of  mechanical  fibres  have  been 
observed  on  the  inner  side  ci  the  bundles  (Le.  next  to  the  wood)  only  in  occasional 
species  (e.g.  in  B.  balearica,  Willd.  and  B.  japonica,  MulL  Axic;.).  In  Notobuxus 
natalensts  and  the  African  species  of  Buxus^  on  the  other  hand,  the  xylem  is  invari- 
ably surrounded  by  a  group  of  mechanical  fibres,  but  there  are  no  fibres  adjoining 
the  bast.  The  cortical  strands  branch  oft  from  the  two  bundles,  which  pass  out  from 
the  vascular  ring  at  the  node  to  supply  the  two  opposite  leaves ;  these  branches  run  in 
the  following  intemode,  and  ultimately  end  blindly.  In  the  European  and  Asiatic 
species  of  Buxus  the  ^oups  of  fibres  situated  on  the  outer  side  of  the  cortical 
vascular  bundles  are  continued  into  the  petiole,  where  they  appear  at  the  sides  of 
the  single  vascular  bundle  (see  above).  On  the  other  hand,  in  Notobuxus  and  the 
African  species  of  Buxus  this  is  not  the  case ;  the  three  vascular  bundles  present 
in  the  petiole  of  these  species  are  formed  by  the  branching  of  the  single  bundle, 
which  bends  out  into  the  leaf  from  the  vascular  ring  of  the  axis  ;  the  three  vascular 
bundles  in  the  petiole  of  the  species  of  Buxus^  belonging  to  the  section  Tricera, 
arise  in  the  same  way. 

The  primary  cortex  contains  cells  showing  U-shaped  thickening  also  in  Buxus 
acuminata,  while  ^ghtly  sclerosed  cells  occur  quite  generally  in  this  tissue  in  the 
AMcan  species  of  Buxus  and  in  Notobuxus,  Such  sclerosed  cells  are  found  in  certain 
African  species  of  Buxus  also  in  the  pith,  bast  and  pericycle.  The  pericyde  includes 
isolated  groups  of  bast-fibres  in  Styloceras,  and  a  few  bast-fibres  in  Buxus  Umgifoiia, 
MulL  Arg. ;  in  Buxus  the  pericycle  is  generally  parenchymatous.  Oxalate  of  lime 
occurs  in  the  cortex  of  Buxus  also  in  the  form  of  clustered  crystals. 

Literature:  Kanten,  Zellenkrystalle  im  Milcbsaft  Ton  lairopha  Curcas,  extracted  from 
Poggendorf  Ann.,  1859,  ^  Kanten,  Ges.  Abh.,  i,  i86{,  p.  305  et  aeq.—Uhlworm,  Entwiddnngs- 
get^  d.  Haare,  Bot.  Zeit,  1873,  p.  805.— Hohnel,  Uerberinden,  Bedm,  1880,  pw  118  et  tcq.— 
Cottantin,  Tiget  a^.  et  soat.,  Ann.  so.  nat,  t^r.  6,  t  xvi,  1883,  p.  loj  et  teq.— Leftgeb^  in  Mhtefl. 
bot  Inst  Graz,  a.  Heft,  1888  (not  1881,  as  was  pxevionsly  stated  on  p.  76a),  p.  314  et  scq.— 
Mittmann,  Anat  d.  Pflanzenstacheln,  Verb,  bot  Ver.  Mark  Brandenburg,  1889,  p.  56. — Hansen, 
Caldnmpbosphatausscheid.,  Flora,  1889,  p.  408  et  seq.— Aufrecht,  Extraflor.  Ndctarien,  Diss., 
ZQrich,  W91,  p.  6  et  seq.  r^«^'if«j).— Barber,  Corky  excresc,  Ann.  of  Bot.,  189a,  pp.  160  and  166.— 
Fmctus,  Menniriales,  These,  MontpelUer,  189^  pp.  a9-43.— Brandt,  Wenig  bek.  Rinden,  IKss., 
Dorpat,  1894,  p.  48  et  seq.— -Groom,  Extrafloral  nectaries  of  AUurites,  Ann.  of  Bot,  1894,  pp.  aa8- 
30.— [Tognini,  Stomi,  Atti  1st  bot  Pavia,  1894.]— Didrichsen,  Tomene  hos  Ifura  crtpitem^  Bot 
Tidsskrift,  zix,  1804-5,  PP*  189-aoo. — Cooconi,  Nettarii  estranus.  delle  ^t^Yiftfx,  Memorie  Accad. 
Bologna,  ser.  s»  ▼of.  v,  1895,  pp.  423-31,  i  Tab.— Chauveaud,  Caract.  anat  des  Eupktrbia  J^plus, 
etc.,  Joum.  de  Bot,  1897,  p.  35^— Gaucher,  Uue  espto  du  genre  Euphorbe,  Jonm.  de  Bot.,  1897, 
pp.  ai4-i8.— [Egelstein,  Hevea  brasiliensis,  Moscow,  1897,  Russian.}— Ponlsen,  Nektaria,  Videitfk. 
Meddelels.  natvb.  Foren.  Kjobenhavn,  1897,  pp.  356-60  and  Tab.  i,  iL— Van  Tlegfaem,  Eloogation 
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dct  noeuds,  Ann.  sc  nat,  wtt.  8,  t.  ▼,  1897,  pp.  159,  160;  and^Boxacto,  loc  cit,  pp.  289-538.— 
Biennann,  Okellen,  Ditt.,  Bern,  1898,  pp.  57,  58. — Gaudier,  Et  anat.  da  genre  Eu^orbia^  libisei 
MontpeUier,  1 898,  i  a8  pp.— rSayre,  SHutwta-xooit  Druggist's  Circular,  etc,  1898 ;  abstr.  in  Just,  1 898, 
ii,  p.  49.]---Van  llegliem,  Simmcmisia,  Joum.  de  Bot,  1898,  pp.  103-ia.— Boergescn  og  Paulsen, 
Veget.  paade  dansk-vestind.  Oer,  Bot  Tidsskrifi,  zzii,  185)^8-9,  pp.  19, 91  and  98  (species  of  i?f>»^0maiM, 
Crpton,  and  THcera ;  see  also  Revue  g^n.  de  Bot,  1900).— Gancner,  Racine  des  Euphorbes  cactiformes, 
Joum.  de  Bot,  1899,  pp.  173-5 ;  and  Glandes  du  cyathium  des  Euphorbes,  etc,  loc.  dt.,  pp.  368-70.— 
Gr^lot,  Caoutchoucs  et  Gutta-Percha,  Thte,  Paris^  1899,  p.  125  et  seq. — Hallier,  Kautschuklianen, 
Jahrb.  Hamburg,  naturwiss.  Anst,  zvii,  1899,  pp.  io(>-8.-»Leisering,  Interxylares  Leptom,Diss.,  Berlin, 
1899,  p.  45. — Froo,  Euphorbia  Intisy^  Joum.  de  Bot.,  1900,  pp.  157-63.— Gamper,  Angostuxarinden, 
Diss.,  Ziinch,  1900,  ^p.  61,  6a. — Gaucher,  Rdle  des  laticifib^,  Ann.  sc.  nat.,  s^r.  8,  t.  xii,  1900, 
pp.a4i-6a — ^Kearny,  in  Contribut  U.S.  Nat  Herb.,y,n.  5, 1000,  p.  t^^Crotonmaritimus), — ^Tunmsnn, 
Sekretdriisen,  Diss.,  Bern,  1900,  pp.  2^^<^, — [Hartwich,  Rhabarl:«r  aus  Guatemala  {Jatr^kapodagrica, 
Hook.),  Schweizer.  Wochenscnr.  f.  Chemie  u.  Pharm.,  190I1  p.  579;  abstr.  in  Just,  1901,  ii, 
p.  45. J — Molisch,  Milchsaft  u.  Schldmsaft,  Jena,  1901,  pp.  4,  i^,  I7»  Zh  34»  47>  49  uid  54.— 
Petersen,  Vedanatomi,  1901, pp.46, 47  (Buxus). — ^Pitard,  Pmcycle,  These,  Bordeaux,  1901,  p.  7a. — 
Areschoug,  Blattanat.  d.  MangroTepfl.,  Bibl.  bot.  Heft  56,  190a,  pp.  64-6  and  Tab.  vii  (Excoecaria 
Agallpcka). — Clauditz,  Blattanat.  canar.  Gew.,  Diss.,  Basd,  190a,  pp.  14-16  {Eupkardia)  K — Gaucher, 
Rech.  anat.  sur  les  Euphorbiaofes,  Ann.  sc.  nat,  s^.  8,  t  xv,  190a,  pp.  161-309. — Knothe, 
Unbenetzbare  Blitter,  Di^.,  Hdddbm,  190a,  pp.  11-13. — ^Penp&  Piante  acarofile,  Malpighia,  190a, 
P*  439  (Jiottlera), — [Armari,  Piante  ddla  reg.  medit.,  Annali  di  Bot.,  i.  1903,  p.  17  et  seq.] — [Bray, 
Plants  of  the  Sotol  region.  Bull.  Torrey  Bot  Club,  xxx,  1903,  p.  6ai  et  seq.]— Daguillon  et  Coupin, 
Nectaires  extrafloraux  des  Hevea^  Comptes  rendus  Acad.  Paris,  cxxxvii,  1003,  pp.  767-9. — [Gilles, 
Et  morph.  et  anat  du  Sablier  {Hura  crepitans)^  Ann.  Inst  coL  Marseille,  1903,  pp.  43-130.]— 
Knau(  Ueogr.  Verbrdt  d.  Gatt.  Cluytiot  Diss.,  Breslau,  1903,  54  pp.— [Smith,  Macaranga  triloba^ 
a  new  mynnecophilous  plant,  New  Phytologist,  ii,  1903,  p.  79,  pL  y,  vi ;  abstr.  in  Bot  CentralbL, 
xdii,  p.  i8a.]-<-Achner,  Falsche  Chinarinden,  Diss.,  Bern,  1904,  p.  58  et  seq. — Chrysler,  Strand- 
plants,  Bot  Gazette,  xxxvii,  1904,  p.  461  et  se^.  (EupAorbia), — Col,  Faisoeaux,  Ann.  sc  nat.,  nh,  8, 
t.  XX,  1904,  pp.  i6a-7  {CroUn), — Koorders,  Chondrostylis,  Ann.  Jardin  Buitenzorg,  xix,  1904, 
pp.  48,  49. — ^Daguillon  et  Coupin,  Glandes  p<6t  ^Hevea  brasiUensis^  Revue  g^.  de  Bot,  xvi,  1904, 
pp.  80-90.— Dufiurd  et  Vignier,  Euphorbia  InHsy^  Comptes  rendus,  Paris,  cxsdx,  1904,  pp.  307-9.-— 
Gilles,  Hura  crtpUam^  Thte,  Montpdlier,  1904,  90  pp. — ^Paoli,  EterofiUia,  Nuovo  Giom.  Bot 
ItaL,  xi,  1904,  pp.  ao7-io  and  Tab.  t — Parkin,  Extrafloral  nectaries  of  Htvea  brasiliensis,  Ann.  of 
Bot.,  1904,  pp.  ai7-a6.— [SmoUk,  Vidkemige  Zellen  bd  einigen  Euphorb.,  Bull,  interoat  Acad. 
Sc  Boh^me,  1904.]— Solereder,  Frostflecken  des  Buchsblattes,  CfentralbL  fur  Bakteriologie, 
Parasitenkunde  u.  Infektionskrankh.,  ii.  Abt.,  xii,  1904,  pp.  a57,  358. — Stissenguth,  Behaarungsverh. 
d.  Wilrzb.  Muschelkalkpfl.,  Diss.,  Wiirzburg,  1004,  p.  50. — ^Amdioug;  Trop.  ^^ixt  bladbyggn.,  Sv. 
Vet  Akad.  Handl.,  39,  n.  a,  1905,  pp.  aa-5  and  Tab.  xvii,  xviii  {TrMra^  AUurites),  pp.  37-9  and 
Tab.  XXV  (BrideHoy  Agyneia),  p.  34  (Baccaurea),  pp.  4^-0  and  Tab.  xxv  {DaUchampia^  Acalypha\ 


p.  5a  {Sapium),  pp.  97-9  {AUAontea),  pp.  80-a  {Mtschodon),  pp.  9a,  93  {Jatropka\  pp.  95-7 
{Trewia),  pp.  97-101  (fyclastemoH,  Alchornea),  pp.  146, 147  and  Tab.  xi,  xii  (CroUm),  pp.  147,  148 
and  Tab.  xxii  (DapAmpiyiium),  m,  151,  15a  (Codtoium), -^Boa  et  Galkud,  Modii;  anat,  Comptes 
rendus  Paris,  11  D^  1905  {Euphorbia). — Costantin  et  Gallaud,  Nouveau  gronpe  du  genre 
Euphorbia,  etc.,  Ann.  sc  nat,  si^r.  9,  t  ii,  1905,  pp.  a87-r3ia. — ^Dubard  et  Vigu&r,  Syst  radic  de 
VEuphorbia  Intisy,  Revue  g6n.  de  Bot,  1905,  pp.  a6o-7i. — Kniep,  Bedeutuig  des  Milchsaftes, 
Flora,  1905,  pp.  163-6. — Knoll,  Brennhaare  der  £uphorb.-Gatt  DaUchanipia  u.  Tragia,  Sitz.-Ber. 
Wiener  Akad.,  cxiv,  Abt  i,  1905,  pp.  a9-48  and  Tab.  i,  iL— Mayus,  Milchr.,  Beih.  z.  bot 
Centxalbl.,  xvili,  Abt  i,  1905,  pp.  a78,  379. — Montemartini,  Bioloffia  dd  Buxus  sempennrens,  Atti 
1st  bot  Pavia,  ser.  a,  vol.  x,  1005,  ^  PP*  ^^  I'^b*  xxviii  (deals  wim  the  same  features  as  Solereder, 
1904). — ^Van  Tieghem,  M^ristdes  cort.,  Ann.  sc  nat,  s^r.  9,  t.  i,  1905,  p.  37. — Piodoli,  Legnami, 
Bull.  Siena,  looo,  pp.  139  and  155. — Boorsma,  Aloeholz,  etc.,  Bull.  Depart.  Agricult  aux  Indes 
ntoland.,  n.  vu,  1907,  p.  10  et  sea.  (.£lj;^0tffana).— Holtermann,  Einflnss  des  Klimas,  1907,  p.  no. 
«— Solereder,  Inkrostation  der  Korkzdlenwande  mit  Kalkoxalatkrystallen  bd  Cortex  Cascarittat^ 
Archiv  d.  Phann.,  ccxlv,  1907,  pp.^  409-10.— {For  further  literature,  see  p.  1170.] 

BALANOPSEAE  (pp.  763,  764). 

A  composite  and  continuous  ring  of  sclerencbyma  is  found  in  the  pericycle 
also  in  Balanops  olmformis,  and  has  been  observed  in  an  undetermined  species 
even  in  branches  of  55  mm.  thickness  K 


'  The  plant  described  by  Clauditz  (loc.  dt.,  pp.  40,  41)  as  Mercurialis  ambigua  (which  has 
raphides,  brown  secretory  cdls,  and  stomata  with  parallel  subsidiary  cdls)  is  incorrectly  determined 
and  does  not  belong  to  the  Euphorbiaoeac  Judging  by  the  anatomical  characters  it  may  possibly 
be  a  member  of  the  Knbiaccae. 

*  Pitard,  P^xicyde,  Thte,  Bordeaux,  1901,  p.  77. 
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URTICACEAE  (pp.  764-779). 

To  the  brief  Review  of  the  Anatomical  Features  of  the  Urticaoeae  taken 
as  a  whole  (p.  764),  we  may  add  that  latidferous  cells  have  been  recorded  also 
in  the  second  genus  (Cannabis)  of  the  Cannabineae,  that  elements  resembling 
latidferoos  tubes  occur  also  in  the  genus  Urera  (Urticeae)  and  that  raphides  and 
styloids  have  recently  been  observed  in  the  genus  LaporUa  (Urticeae). 

r.  ULMACEAE  (pp.  764-768). 

A  composite  and  continuous  ring  of  sclerench}ana  is  devebped  in  the 
pericycle  also  in  Sponia  rugosa  (^Trema  rugosa)  (Pitard). 

2.  CANNABINEAE  (pp.  769,  770). 

Latidferous  cells  are  stated  to  occur  also  in  Cannabis.  Tschirch  at  least 
regards  the  secretory  elements,  which  are  present  in  the  secondary  cortex  as 
well  as  in  the  soft  bast  of  the  veins  of  the  leaf,  as  latidferous  cells  ;  they  are 
tubular  dements  with  rather  wide  lumina,  which  in  the  drug  are  occupied  by 
brownish  contents.  According  to  Molisch,  the  latex  of  the  hop  is  rich  in  tannin  ; 
it  also  omtains  colourless  spherical  or  biconvex  grains,  which  recaU  the  protein* 
grains  found  in  Cecropia  and  Brosimum. 

3.  MORACEAE  (pp.  770-775)- 

We  may  add  the  following  details  to  the  Review  of  the  Anatomical 
FsATUBES.  Latidferous  cells  occur  in  the  leaves  in  all  the  Artocaxpeae,  bdng 
found  especially  in  the  veins  and  sometimes  even  in  the  mesophyll  itself  whilst 
in  the  O)nocephaleae  the  latidferous  cells  are  almost  confined  to  the 
axis  and  only  rardy  penetrate  into  the  lamina  of  the  leaf.  The  glandular 
hairs  found  in  the  Artocarpeae  and  Conocephakae  vary  in  structure  (see  bdow). 
With  the  glandular  hairs  we  may  associate  large  wax-glands,  which  are  provided 
with  a  paBsade-epithdium,  and  occur  in  many  spedes  of  Ficus ;  the  mucilage- 
canals  of  the  Conocephaleae  are  accompanied  by  rows  of  mucilage-cells,  which 
are  found  in  the  veins  of  the  leaf.  Tanniniferous  idioblasts  have  been  observed 
also  in  genera  other  than  those  previously  mentioned  in  this  relation,  (hcalate 
of  lime  occasionally  occurs  also  in  the  form  of  small  crystals  of  varied  shape. 
To  the  previous  enumeration  of  the  special  features  presented  by  the  structure 
of  the  leaf  (e.g.  occurrence  of  hj^poderm  and  dustered  crystals  in  the  epidermis, 
which  have  now  likewise  been  shown  to  have  a  wider  distribution)  we  may  add  : 
the  occurrence  of  division-walls  in  the  epidermis ;  papillose  difierentiation  of 
the  epidermis ;  gdatini^ation  of  the  inner  walls  of  epidermal  cells ;  stomatal 
groups  and  stomata  situated  in  pits  (Ficus) ;  hydathodes  provided  with  an 
epithema;  arm-palisade  tissue  (Parartocarpus);  spicular  fibres  (BalanosbrMus^ 
ricuSp  Sahagunia) ;  occurrence  of  solitary  crystals  in  the  epidermis. 

A  detaued  investigation  of  the  Structure  of  the  Leaf  (see  p.  770)  had 
not  till  recently  been  carried  out,  but  has  since  been  undertaken  by  Kenner  ^  in 


'  Reiuier*s  invettigatioDs  deal  with  the  following  genera:  i.  Artocarpeae:  Fic9is,  Sparatiasycey 
DammaropsiSy  Brosimum^  Lanessama,  Bosqtuia^  ScypkosycCf  AnHaris,  OlmecUa,  PstudolmiUa^ 
Castilloa,  ffelicostyiis,  Ptrebea^  HeliamthcstyliSy  Cudraniay  PouUeniay  Trtculia,  Parartocarpm 
(incl.  Gynmartocarpus)^  Artdcarpus  (ind.  Prainta)^  BrosimopsiSy  Sahaguma,  BalamostrMuSy 
Sorocea\  3.  Conocephaleae:  Cecropia^  MyrianthuSy  Jlfusanga,  C^ussapoa,  ConocephisiMS  (incl. 
Baiansaephytum),  Pourouma, 
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the  tribes  Artocarpeae  and  Gmocephaleae.  The  following  pages  are,  in  the 
main,  a  summary  of  the  results  of  his  work.  The  upper  epidermis  in  many 
cases  consists  of  a  single  layer  of  ceUs,  but  it  is  frequently  2-  or  3-layered  at 
certain  points  or  almost  throughout.  Only  a  small  number  of  epidermal  ceUs 
divided  hy  tangential  walls  are  found  in  Aniiaris  saccidcra^  Dalz.,  A,  toxicaria, 
Lesch.9  CasHUoa  elastica^  Cerv.»  and  Myrianthus  arboretis^  P.B. ;  the  upper 
epidermis  is  two-layered  in  Cecraina  obtusifolict,  BertoL,  C.  scabra^  Mart.,  and 
in  numerous  species  of  Fictis^  while  it  is  2-3-layered  in  Datnmaropsis  Kingiana^ 
Warb.  The  same  feature  has  been  observed  m  the  lower  epidermis,  although 
it  is  of  rare  occurrence  (Canocephalus  iankinensis,  Renn.,  Ficus  longifolia^  Schott 
and  F.  gibbosa^  BL).  Hoarding  the  distribution  of  the  hypoderm  we  may  men- 
tion the  following  details  on  Rimer's  authority  :  it  occurs  on  the  upper  side  of 
the  leaf  in  Cecropia  and  Sahaguma  (here  one-layered),  Artocarfms,  BaUno- 
strMas  and  P<ntrouma((m<t''  or  two-layered), CoMSsa^Mi  and  Afusanga (2-layered), 
Canocephalus  (2-3-laya^)  and  Ficus  (i-4-layered) ;  in  Ficus  it  is  present  also 
on  the  lower  side  of  the  leaf,  where  it  consists  of  two  or  three  layers.  The 
species  in  which  hypoderm  has  been  recorded  are  enumerated  below  ^  (ex- 
cepting the  numerous  species  of  Ficus ;  see  also  Holtermann,  loc.  cit.).  The 
hypoderm  is  almost  invariably  parenchymatous,  but  apart  from  that,  its  cells 
vary  in  size,  in  the  nature  of  their  lateral  walls,  and  in  the  general  structure  of 
the  walls.  A  fibroos  hypoderm,  which  consists  of  four  layers  and  probably 
belongs  to  the  ground  tissue,  is  found  beneath  the  upper  epidermis  in  Artocarpus 
lanceaefoliuSy  Roxb.,  this  feature  ^ing  hand  in  hand  with  the  vertical  trans- 
currence  of  the  weaker  lateral  vems  by  means  of  sclerenchyma ;  transitions 
to  this  type  of  structure  occur  also  in  other  species  of  Artocarf!us.  The  develop- 
ment of  the  hypoderm  from  the  dermatogen  has  hitherto  been  demonstrated 
only  in  certain  species  of  Ficus.  Other  noteworthy  features  in  the  structure 
of  the  epidermis  are  as  follows :  the  septation  of  epidermal  cells  by  thin 
vertical  walls  (species  of  Artocarpus^  Brosimopsis  and  Poulsenia) ;  cuticular 
elevations  in  the  form  of  delicate  parallel  striae  (species  of  Ficus  and  ParartO' 
carpus),  or  of  coarse  crests,  showing  an  irregular  arrane[ement  {Ficus  crocata. 
Mart,  and  allied  species),  these  two  characters  occurring  especially  on  the 
lower  side  of  the  leaf ;  and  the  presence  of  one  or  two  peculiar  thickenings 
shaped  like  a  biconvex  lens  on  the  outer  walls  in  Ficus  parainsis,  Miq.,  these 
walls  perhaps  serving  for  the  perception  of  light.  Papillae  are  not  very  com- 
monly formed  on  the  lower  side  of  the  leaf.  Variously  differentiated  papillae 
are  found  in  all  the  species  of  Brosimum  examined  by  Renner,  and  also  in  Ficus 
foveokUa,  Wall.,  F.  pumila^  L.,  Hdicosfylis  Poeppigiana,  Tr6c.,  and  Myrianthus 
arboreus,  P.B.  Gelatinization  of  the  integumental  tissue  has  not  been  demon- 
strated in  any  species  of  Ficus,  but  ceUs  with  mucilaginous  inner  membranes 
occur  in  the  upper  epidermis  in  species  of  Antiaris,  Artocarpus  (in  A>  Vrieseanus, 
Miq.  in  the  lower  epidermis  as  well),  Bosqueia,  Brosimopsis  (here  the  outer  wall 
is  also  mucilaginous),  Brosimum,  Cecropia,  Helicostylis,  Olmedia,  Perebea, 
Pseudolmedia,  and  in  the  hypoderm  on  the  upper  side  of  the  leaf  in  species  of 
Balanostreblus,  Cecropia,  Conocephalus,  Coussapoa  and  Musanga.  In  Artocarpus 
dasyphyUm,  Mia.  and  other  species  of  Artocarpus  belonging  to  the  section  Pseu- 
dojaca  certain  of  the  upper  epidermal  cells  have  strongly  thickened  inner  walls, 
which  only  swell  up  to  a  sli^t  extent  in  water  and  assume  a  yellow  colour  on 


*  Artocarpus  Blutmi,  Trdc.,  A.  Ktmando,  Miq.,  A.  Maingayi,  King,  A,  Tamaran,  Becc.; 
Balamstrebhts  ilicifoiiay  Knn ;  Cecropia  acUnopus,  Mail.,  C  Humboldtiama^  Klotzsch,  C.  iaiUoba, 
Miq.,  C.  leucocoma,  Miq.,  C.  mexicana^  Hemsl.,  Cpeltaia,  L.,  C.  sciadophyUa^  Mart. ;  Conocephalus 


Miq,, P. /uU^inoOf  Biliq.,  P.  tome^ttosa,  Mart,  P.  veluHna,  Mart.;  Sahagimia  Peckoltii,  K.  SdL 
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treatment  with  Iodine-solution  and  Solphmic  add.    Sflidfication  of  the  walls 
of  the  epidermal  celk,  especially  of  the  outer  walls,  is  very  ccmmimi. 

The  stomata  in  the  Artocarpeae  and  Conocephakae  are  found  almost 
exclusively  (exception  :  Cecropia  HumboUUianOj  Klotzsch)  on  the  lower  side  of 
the  leaf.  In  some  cases  (species  of  Cecropia^  CaussafoOf  Pourouma)  they  are 
blaced  on  pedestals,  formed  bjr  the  neighbouring  cdls,  yAuit  in  Brosimopsis 
ladescens,  bp.-Moore  and  certain  species  of  Ficus  they  are  sunk  below  the 
surface.  Distinct  subsidiary  cells,  conforming  to  the  Cruciferous  type,  are 
present  only  in  Canoccphalus.  Apart  from  that,  a  rosette  of  subsidiary  ceUs, 
distinguished  by  having  thinner  mtlls,  is  found  in  Ficus  Binnmdijkii,  Miq.  and 
F.  fertusa,  L.  f .  Owing  to  the  projecting  network  formed  by  the  veins  cm  the 
lower  side  of  the  leaf,  and  a  corre^pondinj^  differentiation  of  tli^  lower  epidermal 
cells,  the  stomata  with  their  neighbounng  cells  are  frequently  (especially  in 
many  species  of  Ficus)  found  to  be  arranged  in  groups  in  the  meshes  betwe^ 
the  veins ;  the  meshes  themselves  are  often  <^pr^sed  to  form  small  pits. 
Tj^ical  stomatal  groups,  however,  occur  only  in  Ficus  gibbosa^  BL  In  this 
connexion  we  may  also  notice  the  stomatal  pits  found  in  certain  species  of  Ficus^ 
and  visible  to  the  naked  eye  as  spots  on  the  surface  of  the  leaf ;  they  have  been 
described  in  detail  by  Bargagh-Petrucci.  In  F.  caUicarpa,  Miq.  th^  form 
small  widely  open  pit^  the  aperture  of  which  is  occupied  by  hairs ;  in  Jr.  punc' 
tak^  Thunb.  and  F.  falcata,  Thunb.,  in  which  the  orifice  of  the  pits  likewise 
bears  hairs,  the  pits  are  provided  with  three  recesses,  the  middle  one  of  which 
runs  at  right  angles,  while  the  lateral  ones  are  parallel  to  the  surface  of  the  leaf ; 
in  F.  excavaia^  King  the  pits  are  irregularly  lobed,  and  the  lobes  open  directly 
to  the  exterior,  no  hairs  being  present.  The  relatively  large  stomata,  situated 
above  the  veins  of  the  leaf  in  species  of  Ficus  and  in  orositMim  AUcastrum^  are 
probably  of  the  nature  of  water-pores.  Hydathodes,  which  are  provided  with 
an  epithema  and  are  oiUai  recognizable  with  the  naked  eye  as  spots  or  small  pits 


or  warts  (mentioned  in  the  eanier  part  of  this  book,  p.  771),  besides  occurring 
in  many  species  of  Cecropia,  Conocephalus,  and  Ficus,  are  found  also  in  DoM' 
maropsts  Kingiana,  Waro.  Regardmg  the  structure  of  these  hydathodes,  we 
may  add  that  the  number  of  water-pores,  which  are  invariably  of  very  small 
size,  may  be  as  much  as  100  in  Ficus,  although  generally  less,  and  is  only  10-15 
in  Cecropia.  According  to  Reimer,  the  occurrence  of  these  hydathodes  cannot 
be  reconunended  for  use  as  a  specific  character,  as  they  may  be  present  or 
absent  in  one  and  the  same  species. 

In  most  cases  the  structure  of  the  leaf  is  bifacial,  but  in  numerous  species 
of  Ficus  belonging  to  the  section  UrosHpfM  the  lowest  layer  of  the  meaophyll  is 
tiifierentiated  as  a  low  paUsade,  while  m  the  genera  Antiaris,  Brosimum^  Ficus 
Sect.  UrosUgma,  and  Pourouma  the  entire  mesophyll  is  sometimes  found  to 
consist  of  palisade-tissue,  the  lower  layers  being  formed  by  short  conjugate 
palisade-cells.  Arm-palisade  cells  have  been  observed  in  the  first  or  seccmd 
layers  of  the  palisade-tissue  or  in  both  these  layers  in  certain  species  of  Pararto* 
carpus.  A  hj^ha-like  differentiation  of  the  spongy  tissue  is  specially  charac- 
teristic of  the  species  of  Artocarpus  belonging  to  the  section  Jaca  and  of  certain 
species  of  Ficus  belonging  to  the  section  UrosUgma.  In  Parartocarpus  excdsus, 
]3ecc.,  the  two  lowest  layers  of  the  spongy  tissue  have  thick  pitted  walls  and 
are  differentiated  like  a  hypoderm.  Spicmar  fibres,  which  have  a  varied  course, 
are  recorded  by  Renner  in  the  following  species :  Balanosireblus  UidfoUa,  Kurz 
(only  in  the  veins) ;  Ficus  Bonplandiana,  Miq.,  F.  crocata.  Mart,  F.  doUaria, 
Mart.,  F.  Gardneriana,  Miq.,  F.  hngifdia,  Schott,  F.  obscura,  BL,  F.  pisifera^ 
WalL,  F.  iomentella,  Miq. ;  Sahagunia  PeckoUii,  K.  Sch.  The  great  diversity 
presented  by  the  structure  of  the  veins  in  the  Artocarpeae  and  Conocephaleae 
cannot  be  considered  here  ;  regarding  this  point,  see  Renner,  loc.  cit. 

For  the  structure  of  the  leaf  in  t&  heterophyllous  spraes,  cf .  Paoli,  loc.  cit. 

Renner  demcmstrated  latidferotis  tubes  (see  p.  771)  in  the  leaves  of  all  the 
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Artocarpeae  which  he  examinecL  The  laticiferous  elements  present  in  the 
leaves  are  thin-walled  sacs,  which  are  from  8-30  /a  wide ;  they  are  principally 
found  traversing  the  peripheral  portion  of  the  tissue  accompan}nbQg  the  veins 
(sometimes  also  the  medullary  tissue  of  the  veins)  and  in  species  of  many 
genera  ^  also  enter  into  the  mesophyll.  They  belong  to  the  category  of  latici- 
ferous cells ;  Mayus's  statement  as  to  the  occurrence  of  reticulate  anastomoses 
in  Ficus  dasHca  is  doubtless  incorrect.  According  to  Renner  the  latex  of  the 
Artocarpeae  is  peculiar  in  containing  small  spherical  masses  of  caoutchouc 
side  by  side  with  tannin.  The  same  authcn:  showed  that  the  contents  of  the 
laticiferous  elements  have  a  very  distinctive  character  in  Ficus  populifolia,  Vahl, 
inasmuch  as  they  include  albuminous  substances.  Molisch  has  recentlyoroved 
that  the  latex  in  Ficus  etasHca  and  in  the  famous  cow-tree  (Brosimum  (Mocto- 
dendron,  Don)  is  rich  in  salts  of  magnesium,  which  crystallize  out  from  a  drop 
of  the  latex  in  the  form  of  round  or  angular  sphaerites.  In  the  Conocephaleae 
laticiferous  ceUs  have  been  found  in  me  axis  of  all  the  genera  exanuned  by 
Renner,  as  well  as  in  Musanga  (according  to  En^ler).  They  occur  chiefly  in  the 
primary  cortex,  although  occasionally  present  m  the  phloem  as  well,  but  only 
rarely  {Pourouma  acuminata^  Mart,  and  P.  '  tnoUis ')  enter  the  leaves  (lateral 
veins).  Their  diameter  varies  between  25  and  85  /a.  Their  contents,  as  far  as 
they  are  known,  never  include  caoutchouc-bodies,  but  sometimes  contain  simple 
or  composite  proteid-bodies,  which  owe  their  origin  to  leucoplasts.  These 
proteid-bodies  were  first  discovered  by  Molisch  in  Cecropia  peUaia,  L.  and 
Coussapoa  SchoUii  ('  Brosimum  microcarpum ')  and  are  recorded  by  Renner 
also  in  Cecropia  concolor^  Willd.,  C.  obtusa,  Trdc.  and  Pourouma  tomeniosa^  Mart. 
Secretory  cells,  which  have  brownish  contents  of  the  nature  of  a  gum-resin 
and  which  were  described  for  certain  species  of  Artocarpus  in  the  earlier  part  of 
this  book,  are  rather  widelv  distributed  in  the  sections  Jaca  and  Prainea  of  the 
genus  * ;  they  appear  as  inflated  spherical  or  eUij)soidal  cells  of  the  spongy  tissue, 
which  in  these  species  has  a  hypha-like  differentiation,  and  in  Artocarpus  incisa, 
L.  f .  at  least  have  a  suberifed  wall.  In  the  course  of  the  recent  investigations 
mucilage-canals  have  been  observed  among  the  (Conocephaleae  in  the  axis  of 
species  of  the  genera  Cecropia^  Conocephatus,  Coussapoa,  Musanga  and  Myrian- 
thus,  but  not  in  Pourouma ;  they  occur  in  the  primary  cortex  and  sometimes  in 
the  pith  as  well.  In  the  leaf,  the  mudlage-canals  of  the  axis  are  replaced  by 
rows  of  mucilage-cells,  which  are  found  in  the  lateral  veins  of  the  first  order  in 
numbers  varying  between  two  and  twelve,  but  only  very  rarely  traverse  the 
smaller  veins  as  weU ;  such  rows  of  mucilage-cells  liave  been  d^onstrated  in 
Cecropia,  Conocephalus,  Coussapoa^  Musanga  and  Myrianthus.  In  some  of  the 
species  of  the  g^us  Pourouma  there  are  mudla^e-ceUs  in  the  lateral  veins  of 
the  first  order.  Among  the  Artocarpeae  mualage-cells  are  found  only  in 
Olmedia  anfustifolia,  Poepp. ;  they  are  either  isolated  or  united  to  form  ^oups, 
and  occur  m  the  tissue  accompanying  the  veins.  Tannin-idioblasts,  situated 
in  the  palisade-tissue  and  differentiated  like  those  of  Ficus  rubiginosa,  have  been 
demonstrated  by  Renner  in  species  of  Antiaris,  Artocarpus,  Brosimum,  ConO' 
cephalus,  Dammaropsis  and  Ficus  '. 

'  yiz. :  Artocarpus  f  Prainea  and  Psiudqfaca,  Bosqutia^  Brosimopsis^  Brosimum,  Cudrania, 
Ficus,  HiUantkostylis,  Olmedia,  Parartocarpus,  Perebea,  ScUkagustia,  Scypk§syce,  Scrocea,  SparattO' 
syce,  TrecHlia* 

*  The  species  in  which  they  have  been  obserred  are  as  follows :  A,  amscphyllus,  Miq.,  A*  Biumei, 
Ttic,  A,  Chaflasha,  Roxb.,  A,  communis.  Font,  A.  frutescens,  Renn.,  A.  hirsutus.  Lam., 
Ai  Kemastdo,  Mio^  A.  icmcearfoiius,  Roxb.,  A,  Limfato,  Miq.,  A.  Maiugeqi,  King,  A.  marumensis, 
Tr^.,  A,  noiUis,  Thw.,  A,  papuanus,  Renn.,  A.  rigichis,  BU  A,  sccmdens,  Renn.,  A,  Tamarau^  Beoc 

'  The  species  are :  Antiaris  saccidara,  Dalz.,  A.  toxiearia,  Lesdi. ;  Artocarpus  integriftlius,  L.f., 

A,  Limpato,  Miq.,  A.  Pofyphema,  Pers.;  Brosimum  Aubletii,  Poepp.  et  Endfl,  B,  discolor,  Schott, 

B.  eckinocarpum,  Poepp.  et  End!. ;  ConocepAalus  lanceolatus,  Tr^c,  C.  suaveolens,  Bl.,  C.  tonkimnsis, 
Renn. ;  Dammartfsis  JCingiana,  Warb.  For  the  rather  nnmerons  qiedes  of  Ficus,  which  beloi^  to 
the  sections  Urosttgma^  Synoecia,  Sycidium,  Eusyce,  and  S^com^rus,  Renner*8  pAper  most  be  consnlted. 
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In  most  of  the  Artocaq)eae  and  Conocepbaleae  clustered  crystals  constitute 
the  chief  form  of  excretion  of  oxalate  of  lime,  although  solitary  crystals  are 
flJso  found.  In  addition  to  this  smaU,  spherical,  panduriform  or  variously 
shaped  oystals  oc  crystalline  aggregates  of  the  same  salt  are  occasionally 
(species  of  ArtocarpuSf  Cecropia^  Ftcus^  Parartocarpus)  present  in  the  epidermis 
of  the  leaf  or  in  the  hypoderm.  Oxalate  of  lime  is  nurel}^  wanting  in  the  leaf 
(e.g.  in  HeUanthostylis  Sprucei^  Baill.  and  Lanessania  Utririnata^  BaiO.).  Large 
clustered  crystals,  situated  in  spherical  cells  of  the  palisade-tissue,  are  not 
unoMnmon  ;  the  largest  idioblasts  of  this  Idnd  are  found  in  Pourouma^  where 
they  occur  in  the  neighbourhood  of  the  vertically  transcurrent  veins.  A  more 
important  s^tematic  feature  is  afforded  bv  the  occurrence  of  clustered  or 
ordinary  sohtary  crystals  in  the  epidermis  of  the  leaf.  The  clustered  crystals 
are  omtained  singly  in  epidormal  cells,  which  are  either  isolated  or  united  to 
form  groups  and  occur  mainly  in  the  neighbourhood  of  the  veins ;  in  some  cases 
the  cdls  containing  the  clustered  CT^tsus  have  a  round  outline  and  appear  as 
idioblasts  (e.g.  in  certain  species  of  ricus).  They  have  been  observed  in  species 
of  the  following  genera :  AnHaris^  Artocarpus  (§  Jaca,  Prainea  and  Pseudojaca), 
Brosimopsis^  Brosimumf  CasHUoa^  Cecropia,  Cudrania^  Dammaropsis^  Ficus 
(§  Urostigtna^  Palaeomorphe^  Sycidium,  CavMia,  Eusyce),  Mt^anga,  Olmedia, 
Perebea^  Pourouma^  Treculia,  Solitary  crystals  are  found  in  the  epidermis 
of  the  leaf  in  species  of  BalanosirebluSy  Brosimumy  Ficus  (§  Synoecia  and  Uro- 
siigma)^  and  Sorocea,  In  Ficus  aurantiaca.  Griff.,  F.  calUcarpa^  BGq.  and 
F.  punctata^  Thunb.,  which  belong  to  the  section  Synoecia,  the  cells  containing 
the  crystals  combine  to  form  groups ;  these  cells  are  very  small  and  have 
strongly  thickened  inner  walls  to  which  the  solitary  crystals,  which  fill  the 
entire  lumen  of  the  cell,  are  attached.  In  Brosimum  Alica^rum,  Sw.  the  veins 
are,  as  it  were,  paved  with  the  solitary  crystals  contained  in  the  epidermal  cells. 
In  the  gelatinized  epidermal  cells  of  certain  species  of  Conoctphalus  Renner 
demonstrated  sphaerocrvstalline  masses  of  an  unknown  chemical  substance. 

We  may  add  the  following  details  regarding  the  occurrence  of  calcification 
and  sUicification  of  the  cell-wall  in  the  Artocarpeae  and  Conocepbaleae. 
Silicification  of  the  epidermis  is  no  unconunon  feature.  In  the  spongy  tissue 
of  the  older  leaves  of  some  species  of  Ficus  the  walls  of  the  cells  IxMrdering 
on  the  respiratory  cavities  are  silicified.  Silicified  pegs,  arising  from  the 
outer  walls  of  the  epidermal  cells  and  penetrating  into  the  cavity  of  the  cell, 
have  been  recorded  in  species  of  AnHaris  and  Ftcus,  as  weU  as  in  Pouk&nia 
aculeata,  Eggers,  while  tuberous  protuberances  which  are  sUicified  are  found 
in  the  angles  of  adjacent  cells  of  the  hypoderm  in  Ficus  diversifotia,  Bl. ;  lastly, 
cells  filled  with  siliceous  matter  are  present  in  the  parenchyma  accompanying 
the  larger  veins  in  Ficus  aurantiaca,  Griff.,  F.  brevicuspis,  Bliq.,  F.  davak^  Wall., 
F.  obscura,  BL,  F.  pisifera.  Wall.,  F.  sikkimensis,  Miq.,  Parartocarpus  Rieddii. 
Warb.  and  Sparatiosyce  dioica,  Bur^  Regarding  silicified  trichomes,  see 
below. 

Among  the  Artocarpeae  and  G>nocephaleae  Renner  observed  typical  cysto- 
liths  (i.e.  structures  provided  with  a  stalk  and  a  variously  encrusted  body, 
which  shows  concentric  stratification  and  in  some  cases  radial  striation  as 
well)  only  in  the  genera  Conocephalus,  Dammaropsis,  Ficus^  Poukenia  and 
Sparattosyce.  The  cystoliths  belong  exclusivelY  to  the  integumental  tissue 
and  are  found  both  m  the  upper  and  lower  epidermis ;  in  most  cases  they 
are  situated  in  idioblasts,  but  frequently  occur  also  in  ordinary  epidermal 
cells,  as  well  as  in  hypodermal  cells  or  trichomes.  In  Ficus  the  lithocysts 
are  invariably  concerned  in  the  formation  of  the  surface  of  the  leaf,  the  only 
exception  bemg  F.  elasHca,  in  which  they  belong  to  the  hypoderm.  Only 
a  small  portion  of  the  wall  of  the  lithocyst  participates  in  the  formation  of 
the  leaf-surface,  and  this  part  of  the  waU  is  occasionally  provided  with  a  small 
tip  (species  of  Dammaropsis,  Ficus  and  Poulsenia)  or  with  a  solid  attenuated 
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bair-like  peg  of  ^eater  length  (SparaUosyce).  The  shape  of  the  cystoliths  is 
particularly  strilong  in  the  species  of  Conocefhalus^  since  some  of  them  are 
two-armed,  the  arms  either  spreading  out  horizontally  or  diverging  obliquely 
with  reference  to  the  axis  of  the  cystolith.  In  some  of  the  species  of  Ficus 
the  flattened  cells  containing  the  cystoliths  are  accompanied  by  cells  wUch 
have  a  similar  shape,  but  are  devoid  of  cystoliths;  the  latter  are  related  to 
the  small  silicified  hairs  of  Poulsenia^  &c.  discussed  below.  AmonjB[  the  struc* 
tures  resembling  cystoliths  we  mav  include  the  silicified  pegs  mentioned  above 
as  occurring  in  the  epidermis,  and  the  silicified  cystotyles,  which  are  recorded 
by  Renner  as  being  suspended  from  the  solid  tips  of  the  hairs  in  Antiaris, 
Artocarpus  papuanus^  Renn.  and  Parartocarpus  Kieddii^  Warb.  In  C ectopia 
scahrifolia^  A.  Richt.,  lastly,  A.  Richter  figures  trichomes,  which  are  com- 
pletely filled  with  siUcified  matter,  showing  stratification. 

tne  clothing  hairs  in  the  Artocarpeae  and  Conocephaleae  generally 
consist  of  a  single  cell,  and  either  have  a  distinct  body  or  appear  as  short 
papillose  hairs.  Now  and  then  a  thin  transverse  wall  occurs,  so  that  the  hairs 
become  bicellular  (Cudrania^  Myrianthus) ;  in  other  cases  several  transverse 
(Parartocarpus)  or  obliquely  Icmgitudinal  {Ficus  aurantiaca.  Griff.)  walls  appear 
in  the  body  of  the  hau:.  Uniseriate  tridiomes  with  several  short  basal  cells 
and  a  long  terminal  cell,  distinguished  by  the  fact  that  it  breaks  off  at  a  pre- 
determined point,  which  is  situated  at  the  base  of  the  cell,  are  developed  in 
Ficus  pilosa^  Reinw.  var.  chrysocoma^  King ;  ordinary  uniseriate  hairs,  which 
have  a  brown  colom*,  are  rich  in  tannin  and  consist  of  twelve  or  more  ceUsj 
are  found  on  the  petiolar  cushions  in  Cecropia. 

The  ordinary  unicellular  clothing  hairs  frequently  serve  in  a  marked  manner 
as  a  protection  against  excessive  transpiration,  e.g.  in  species  of  Cecropia,  Coussapoat 
Ficus,  Musanga,  Myrianthus  and  Pourouma  (in  which  they  are  differentiated  as 
more  or  less  curled  and  often  filiform  woolly  hairs),  in  Artocarpus  glaucus,  BL  and 
A,  glaucescens,  Tt€c.  (in  which  almost  all  the  epidermal  cells  grow  out  into  clothing 
hairs),  and  in  certain  species  of  Coussapoa,  in  which  the  hairs  inserted  on  the  veins 
cover  in  the  areolae  (Le.  the  spaces  between  the  veins)  on  the  surface  of  the  leaf. 
It  remains  specially  to  mention  the  following  tyioes  of  trichomes :  (a)  the  long 
clothing  hairs,  which  are  found  in  species  of  CasHlloa,  Ficus  and  other  genera,  and 
are  provided  with  a  basal  pedestal  composed  of  c^dermal  cells ;  (h)  the  trichomes 
of  lielicostylis  Poeppigiana,  Tr6c.,  in  which  the  lageniform  base  of  the  hair  pene- 
trates deeply  into  the  mesophyll ;  and  (c)  the  bracket-hairs,  which,  besides  occurring 
in  species  of  Artocarpus  and  Cecropia,  are  found  also  in  species  of  Brosimum  and 
Lanessania.  The  walls  of  the  clothing  hairs  are  often  silicified,  and  when  this 
is  the  case  they  frequently  have  a  rough  surface  due  to  the  presence  of  knobs  of 
varying  shape. 

Papillose  hairs  are  found  in  the  first  place  among  the  Artocarpeae,  where  they 
show  varied  differentiation.  They  include  :  (a)  the  bulbiform  trichomes  of  Balano- 
strebius,  Poulsenia  and  Sahagunia,  which  have  thick  walls  and  very  reduced 
lumina ;  (h)  the  silicified  trichomes  of  Artocarpus  frutescetis,  Renn.,  A,  Limpato, 
Miq.  and  A,  scandens,  Renn.,  the  outer  wall  of  which  is  flat,  bdnff  protruded  only 
in  me  middle,  while  the  lateral  walls  are  delicately  undulated  and  pitted  ;  (c)  the 
short  trichomes  of  spjecies  of  Artocarpus,  belonging  to  the  sections  Jaca  and  Pseudo^ 
jaca ',  the  basal  portion  of  these  trichomes  is  enlarged  like  a  spadix  and  pitted  in 
various  ways,  while  the  body  of  the  hair  merely  appears  as  a  solid  and  silicified 
tuberculate  Imob  or  as  a  tip  adpressed  to  one  side  of  the  basal  portion  of  the  hair. 
Amon^  the  Conocephaleae  papillose  hairs,  which  are  more  or  less  strongly  silidfled, 
occur  m  Cecropia,  Coussapoa,  Musan^a  and  Pourouma.  In  Cecropia  lattloba,  Mia., 
these  hairs  occur  in  large  numbers  m  the  upper  epidermis  and  have  thin  walls, 
while  in  C  mexicana,  Hemsl.  they  have  a  thick  silicified  outer  wall  and  are  occa- 
sionally provided  with  a  thin  longitudinal  wall.  Flat  panose  hairs  with  a  minute 
tip  inserted  at  the  centre  of  the  cell  are  found  in  other  species  of  Cecropia,  as  well 
as  in  Coussapoa  viUosa,  Poepp.  et  Endl.  and  Musanga  Smithii.  With  these  haiiB 
we  may  class  the  somewhat  fsurger  bulbiform  trichomes,  occurring;  in  certain  species 
of  Cecropia  and  Pourou$na ;  the  latter  have  a  longer  tip,  and  m  Pourouma  even 
occasionally  exhibit  delicate  longitudinal  waUs. 


Digitized  by 


Google 


zo6a  ADDENDA^URTICACEAE 

The  external  glands  of  the  Artocarpeae  and  Conocephaleae  never  foqn 
a  resinous  or  oily  secretion ;  they  are  present  in  aU  the  genera  investigated 
and,'  according  to  Renner,  show  a  varying  type  of  structure.  Among  the 
Artocarpeae  the  stalks  of  the  glands  are  mostly  unicellular ;  the  glands  occur 
isolated  on  the  surface  of  the  leaf  and  are  never  arranged  in  groups.  In  most 
cases  the  glandular  head  is  eUipsoidal  or  spherical  and  divided  both  by  longi- 
tudinal and  transverse  waUs.  Long  uniseriate  glands,  consisting  of  three  or 
four  cells,  have  been  observed  among  the  Artocarpeae  only  in  Ficus  rubiginosa^ 
Desf.  and  antler-shaped  glands  (produced  by  the  outgrowth  of  the  cdls  of 
the  fflandular  head  into  sac-shaped  processes)  only  in  SparaUosyce.  Among 
the  Conocephaleae,  Conocefhalus  alone  has  glands  arrai^ed  in  groups  of  2-15  ; 
these  glands  have  a  unicellular  stalk  and  a  head,  which  c(Hisists  either  of  an 
irreguhrly  shaped  mass  of  from  3-6  cells  (C.  ovahis,  Tr6c.)  or  of  three  or  more 
diver^ng  tubular  arms  composed  of  1-3  cells  (C.  suaveotens^  BL).  In  the 
remaining  genera  {Cecropia,  Conssapoa,  Musanga^  Myrianihus^  Pourouma)  the 
lower  side  of  the  leaf  as  a  general  rule  bears  isolated  uniseriate  glands,  which 
are  long  bent  structures  composed  of  4-10  cells,  the  upper  cells  being  more 
or  less  swollen  and  forming  a  kind  of  head.  Tlie  upper  side  of  the  leaf  in 
Cecfopia  bears  glands,  which  have  a  multicellular  stalk  and  a  head,  composed 
of  numerous  cdls  and  divided  both  by  transverse  and  longitudinal  walls ; 
these  glands  are  either  isolated  or  arranged  together  in  groups  comprising 
from  two  to  four  gkmds.  Musanga,  Mynanthus  and  Pourouma  have  groups 
of  short  external  glands  on  the  upper  side  of  the  leaf,  each  group  OHisisting 
of  from  two  to  seven  glands ;  the  latter  are  broadly  club-shaped  and  have 
a  stalk,  which  is  made  up  of  short  cells  and  merges  gradually  mto  the  head, 
the  latter  being  divided  both  by  transverse  and  longitudinal  walls.  In  species 
of  Cecfopia  and  Pourouma  transitional  forms  between  the  glands  fotmd  on 
the  upper  side  and  those  present  on  the  lower  side  of  the  leaf  have  been  demon- 
strated, while  in  certain  species  of  Cecroina  filiform  glands  have  been  observed 
also  on  the  upper  side  of  the  leaf. 

We  may  add  the  following  details  regarding  the  structure  of  the  head  in  the 
glands  of  the  Artocarpeae.  In  some  cases  the  heads  are  merely  onicdlular  or 
divided  by  a  single  longitudinal  wall  {Artocarfus  {  Pseudojaca^  Ficus  {  Urostigma, 
Parartocarpust  Scyfhosyce) ;  in  other  cases  Viey  are  divided  into  four  (|uadrants 
(Ficus  clavata^  Wall.,  P.  Cunia,  Ham.,  and  species  of  Artocarpus  belonging  to  the 
section  Prainea)  or  have  a  peltate  or  flabelliform  shape  with  diverse  arrangement 
of  the  cells  (certain  species  of  Artocarpus  and  Ficus). 

According  to  Renner  the  pearl-glands  (Miiller's  bodies),  which  have 
already  been  discussed  in  the  earlier  part  of  this  work,  are  found  only  in 
Cecropia-y  and  the  statement  (made  on  Meyen's  authority)  as  to  their  occurrence 
in  Pourouma  should  be  cancelled.  The  pearl-glands,  which  are  situated  on 
the  i>etiolar  cushions,  consist  of  an  epidermis  of  small  cells,  which  includes 
an  apical  stoma,  and  of  a  complementary  tissue,  which  is  likewise  composed 
of  small  ceHs  ;  side  bv  side  with  the  glands  of  this  type  the  lower  surface  of 
the  leaf  bears  pearl-fi[lands,  which  have  an  epidermis  consisting  of  large  cells 
but  not  provided  with  a  stoma,  and  a  complementary  tissue,  composed  of  very 
large  cells. 

In  the  main  portion  of  this  book  no  mention  was  made  of  the  glandular 
spots,  which  occur  on  the  leaves  in  many  species  of  Ficus^  and  which  in 
F.  hispidUf  L.  and  F.  leucantotoma,  Poir.  are  found  also  on  the  surface  of  the 
branch  next  to  the  points  of  insertion  of  the  petioles;  according  to  Renner 
they  are  of  the  nature  of  wax-glands  and  not  extrafloral  nectaries,  as  stated 
by  Mirabella.  They  are  provided  with  a  palisade-epithelium,  which  is  without 
stomata,  and  are  present  in  species  belonging  to  all  the  sections.  Thejr  are 
found  on  the  lower  side  of  the  leaf ,  where  they  either  lie  sin^y  on  the  midrib 
and  at  the  base  of  the  lamina  or  in  addition  to  that  occur  in  pairs  in  the  angles 
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between  the  lateral  veins  of  the  first  order  and  the  principal  vein  or  even  in 
the  axils  of  the  more  delicate  lateral  veins ;  in  asymmetrical  leaves,  it  may  be 
noted,  the  i>aired  glands  are  fomid  only  on  that  half  of  the  leaf  the  growth  of 
which  has  been  promoted.  In  F.  diversifolia^  Bl.»  in  which  the  median  vein 
is  forked,  a  gland  occurs  in  the  angle,  formed  by  the  bifurcation.  As  important 
from  a  systematic  point  of  view  we  may  mention  that  in  almost  all  the  species 
of  Ficus  belonging  to  the  section  Urostigma  (excepting  F.  nervosa,  Heyne 
and  F.  pubinerois,  Bl.)  there  is  an  unpaired  wax-gland  at  the  base  of  the  midrib. 

As  regards  the  structure  of  the  cortex  (p.  775)  it  is  noteworthy  that 
according  to  Auer  the  bast-fibres  in  all  the  investigated  genera  of  the  Moraceae 
(AnUaris,  Artocarpus,  Broussonetia,  Cecropia,  Cudrania,  Ficus,  Madura, 
Morus,  Olmedia,  StrMus)  agree  in  the  fact  that  the  outer  thickening-layers 
appear  as  an  envelope  around  the  inner  lasers. 

In  Artocarpus  incisa-  L.f.  and  A.  ifUegrifolia,  L.f.  the  stalks  of  the  fruiting- 
axes  show  polysteUc  structure. 


4.  URTICEAE  (pp.  775-^7^ 

To  the  Review  OF  the  ANATOBncAL  Features  we  may  add  that  bun<Ues 
of  raphides  and  styloids  occur  in  Laportea,  secretory  organs  resembling  latici- 
ferous  tubes  in  Urera  baccifera.  Gaud,  and  mucilage-canals  also  in  Laportea. 

For  the  stmcture  of  the  leaf  in  Laportea,  see  Quanjer,  loc.  cit.  In 
Laportea  the  stomata  are  likewise  provided  with  three  subsidiary  ceUs 
arranged  according  to  the  Cruciferous  type.  According  to  Nestler  hydathodes, 
similar  to  those  found  in  Pilea  serpyllifolia  and  appearing  as  slight  promi-r 
nences,  are  scattered  over  the  entire  upper  surface  of  the  leaf  in  Bokmeria 
tenadssima.  Gaud.  (sB.mV^a,  Gaud.).  A  single  layer  of  hypoderm  is  j>resent 
on  the  upper  side  of  the  leaf  in  Laportea  stimtdans,  sliiq.,  but  not  in  L.  sinuata, 
Bl.»  which  is  mentioned  as  a  sjmonym  of  L,  stimulans  m  the  Kew  Index. 

To  the  section  dealing  with  the  cystoliths  we  may  add  that  in  Laportea 
they  are  situated  in  the  epidermis  of  the  leaf  and  have  a  distinct  stalk,  while 
the  cells  containing  them  in  some  cases  (L.  sinuata,  Bl.)  are  provided  with 
a  papillose  tip.  In  L.  peltata.  Gaud,  deposits  of  carbonate  of  lime  have  been 
observed  on  the  surface  of  the  leaf,  and  in  L.  sinuata,  Bl.,  thev  are  found  in 
the  mesophyll  as  well.  The  new  record  of  the  occurrence  of  raphides  and 
styloids  in  Laportea  is  contained  in  Quanjer's  paper  and  is  correct. 

The  glandular  hairs  in  Laportea  are  provided  with  a  short  stalk  and 
a  head  divided  by  vertical  walls. 

According  to  Gu6in  the  secretory  organs  of  Urera  bacdfera  above  men- 
tioned resemble  laticiferous  tubes ;  they  occur  in  the  periphery  of  the  pith, 
the  inner  portion  of  the  primary  cortex  and  the  secondary  bast  of  the  stem, 
in  the  cortex  of  the  root  and  in  the  neighbourhood  of  the  vascular  bundles 
in  the  veins  of  the  leaf.  The  elements  found  in  the  pith  branch  after  the 
manner  of  laticiferous  cells.  On  the  basis  of  my  own  observation  I  may  add 
that  the  xylem-mass  in  the  stem  of  U.  bacdfera  contains  tangential  bands  of 
unUgnified  parenchymatous  tissue,  which  show  a  concentric  arrangement. 

Mucilage-canals  have  been  observed  in  the  larger  veins  of  the  leaf  of 
Laportea  stimulans,  Miq.  var.  costata,  while  in  the  veins  of  the  leaf  of  L,  sinuata, 
Bl.  Quanjer  merely  found  an  intercellular  canal  without  any  secretion. 

Litentnie :  Kanten,  Cecropia  peUaia^  Nova  Acta  Leopold .-CaroL,  1858 ;  and  in  Ges.  Bdtr., 
i>  1865,  pp.  341-53. — ^Tit6cnl,  Uomme  et  tannin  dans  le  Conocephalns  naucUiJUms,  Ann.  i&  nat., 
s<6r.  5,  t  tx,  z868,  pjk  374-81.— Faivxe,  Latex  dn  Mnrier  l>lanc,  Ann.  sc.  nat,  t^.  5,  t  z,  1869, 
pp.  97-133^— Coatantin,  Tiges  a^r.  et  sont,  Ann.  sc.  nat,  s^r.  6,  t.  zvi,  1883,  p.  85  et  seq.— [Moller, 
Kiessdfsser,  Dentsch.  allg.  polytechn.  Zett.,  1883,  n,  34, 35.]— Keller,  Loftwnneln,  Diss.,  Heidelbeig, 
90 .^  -^     »^.i....„   *_.___  «n.i.„  ^_,.  -« ^  -^__^_,  .     "^jigelow,  Glands  ift 

irabella,  Nettarii 


1889,  pp.  36-30.— Lothelier,  Epines^  These,  Paris»  1893,  pp.  16, 17  and  pi  L— (Bigelow,  Glands  i» 
the  Hop  tree,  Proceed.  Iowa  Acad,  of  Sc.,  ii,  1895,  pp.  138-40,  i  pi.]— Mirab  " 
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ettramiz.  nelle  varie  specie  di  Ficus^  Nqoto  Gioro.  bot  ItaL,  n.  s.,  ii,  1895,  pp.  340-7  and  Tab.  i^i'— 
Ttcbirch»  Herba  Catmabis  indicA^  in  Anat.  Atlas^  i,  1895,  Tab.  xt  and  p.  55  et  leq.— Went,  Haft-  a. 
NiUurwim.,  Ann.  Jardin  Baitencm,  xii»  1^95*  PP-  4^54- — [Briod  e  TogDini,  Anat.  della  Canapa, 
Parte  ii,  Atti  1st  bot  di  Pltvia,  Ser.  a,  ir,  1896,  p.  175  et  seq.,  a6  tab.;  abatr.  in  Bdh.  z.  60L 
CentralU.,  Tiiii  1S98-9,  pp.  a7<9»  and  in  Tost,  1897,  i,  p.  513.] — Bilttner,  Cortex  Mnnir^  {JJrosiigma 
^si0p9dumt  Miq.),  Dnt.,  Erlangen,  1896,  31  pp^— JOomob,  Anat  Baa  d.  Blattei,  Acta  Uaiven. 
Lund.,  xxxii,  a,  1896  (/V^mmm).— [Baocarini  e  Bntcani,  Nettarii  foliari  della  OlmedUUa  Cesmtmmm^ 
BailL,  BnlL  Accad.  Gioenia  Catania,  Fasc.  lvi«  1898,  pp.  10-13 ;  abatr.  in  Jost,  1898.  ii,  p.  386.I— 
En|^,  Moraceae,  in  Monogr.  afrikan.  Pfl.-Fam.  u.  -Gatt.,  1808,  pp.  8*io  and  38,  39.— MirabJla, 
Laneiferi  delle  radid  aeree  di  Ficus,  Contribiiz.  biolog.  teget  tst.  bot  Palcnno,  ii,  i^,  pp.  13 1-6. 
— Gx^lot,  Caoutchoucs  et  Gnttnpercha,  Thte,  Paris,  1809,  pw  133  et  seq.«— Haberlandt,  Ncnea  Organ 
bei  CpmcdpAaim  evatus^  Festachrift  f.  Schwoidener,  i8<^,  pp.  104-19.—- Honlbert,  Phylogteie  des 
Uhnacto,  Reme  g^  de  Bot,  1899,  pp.  106-19  and  pi.  a,  3.— Nettler,  Waiseranssdieidang  an  den 
Blittem  von  Bohmtria'Axiak,  Sitz.-Ber.  Wiener  Akad.,  cviU,  Abt  i,  1899,  PP*  7<><^  and  Tab.— 
Tmimann,  Sekretdriisen,  Diaa.,  Bern,  1900,  pp.  ao-3.-— Urspmng,  Anat  n.  JabresringbikL  tr^p. 
Holzarten,  Diss.,  Basel,  1900,  pp.  5-8  {ArUaurpms  uOegrifalUt^  L.  1).— Baigagii-Petnicciy  Caviti 
atomatiiefe  nel  genere  Ficus^  Nuoro  Giocn.  bot  Ital.,  n.  s.,  Tiii,  1901,  p|>.  49a-8.^Moliscfa, 
Milcfasaft  n.  Schleimsaft,  1901,  pp.  6,  ai,  49  and  55.^-Petersen,  Vedianatomi,  1901,  pp.  38-40 
(C^MMf).— Pitard,  PMcrcle,  Tb^,  Bordeaux,  1901,  pp.  84,  85.*A.  Richter,  Loftwuiz.,  Bibl  bot, 
Heft  54,  1901,  p.  44  and  Tab.  xiT.---[Baar,  Milchiohren,  Sits.-Ber.  <  Lotoa'  in  Prague,  190a,  n.  4, 
5 ;  abatr.  in  Bot  CentralbL,  xdi,  p.  406.]— Bargagli-Petmcd,  Legnami,  Malpighia,  190a,  p.  a^o 
et  seq.  {Artocarpus^  SUirtui);  and  OMA^io/wj,  Naoro  Giom.  Dot  ItaL,  ix,  looa,  p.  313.— 
BouYgnei,  Petiole,  Tb^,  Paris,  190a,  p.  15. — Cas.  de  CandoUe,  Hypoasddies  de  Ftcus,  Bull. 
Herbier  Boiarier,  wh.  a,  t.  ii,  190a,  pp.  753-6a  and  a  pi. — Claaditz,  Bbttanat.  canar.  Gew.,  Diss., 
Basel,  190a,  pp.  39,  40  ((7«MMffiffa).--Copeland,  Haberlandt's  new  omn  of  Comoc^AoIhs,  Bot. 
Gazette,  1 00a,  pp.  300-8. — Aner,  Bast£uem  d.  Moraoeen,Osterrach.  bot  Zeitsdir.,1903,  pp.  353-6.— 
Qnanjer,  Anat  bonw,  ftc.,  Natnnrknnd.  Verhandel.  Haariem,  iii,  5,  1903  {Artacafp$u,  LapirtmC),^ 
Sblereder,  ArUcartm  lacimata^  Hort,  BulL  Herbier  Boissier,  wkt.  a,  t  iii,  1903,  pp.  518-aa— 
Tnsson,  Splialige  Stniktnr  d.  Zellw.  in  den  Maikstr.,  Ber.  dentsch.  bot  Geaellsch.,  1903,  p.  a76.— 
Col,  Faisoeanx,  Ann.  sc.  nat,  s^r.  8.  t.  xx,  1904,  pp.  ia4-8. — Kniep,  Bedent  d.  Milchan.,  Hora, 
1904,  pp.  168,  169. — Paoli,  Eterofiliia,  Nqoto  Giom.  bot  ItaL,  xi,  1904,  pp.  i88-ao4  and  Tab.  i. 
-—Solereder,  Zwd  Berichtigangen,  Bull.  Herbier  Boissier,  s^.  a,  t  It,  1904,  pp.  3i8-a3.— Aiescboog, 
Tropw  iriixt  bladbyggn.*  Sv.  Vet.  Akad.  HandL,  39,  n.  a,  1905,  pp.  9-1 1  ^^ndpp*  Ii3-i5>  Tab.  ix,  x 
and  XT  {Art0carpui)9XLA  pp.  11  a,  113,  Tab.  xy,  vri  (u4ii/Mim).— -Froannel,  Plantas  cbil.  text.,  1905, 


p.  31.— GuMi,  Latidlhes  de  VUrtra  baccifera,  Boll.  Soc.  bot  de  France,  1905,  p.  406  et  seq.— 

Mayns,  Milchr.,  Bcih.  2.  Bot.  Central ^     ^  .  .     . 

ines,  Ann.  sc.  nat,  s^.  9,  t  ii,  1901, 
s^.  9,  t.  iii,  1906,  p.  363  et  seq.— Penot'yl^ilbert,  Camot  et  Choay,  Ilech.  snr  les  Cecntpia^  in  PerroC, 


[ayns,  Mildir.,  Beih.  z.  Bot.  CentralbL,  xvili,  i.  Abt.,  1905,  pp.  a 75,  a 76. — Sarton,  Anat  d.  pL 
affines,  Ann.  sc.  nat,  s^.  9,  t  ii,  1905,  pp.  60-a  {Pariiimria), — Dauphin^,  Rhizomes^  Ann.  sc  nat, 


i905.-^Picdoli,  GelsoUno,  aep.  copy, 
,  174  and  175.— Renner,  Anat  n.  StsL 

^ ^ , , , Mnnich,iQo6;  sep. co|:^ from Ek^er, 

Bot  Jahrb.,  xxxix,  pp.  319-448. — ^Renner,  Wachsdriisen  anf  d.  Bl.  n.  Zweigen  yon  Fkiis^  Fkna,  1907, 
pp.  34-37. — ^Boorsma,  Aloc^olz,  BiUL  do  depart  de  ragricolt.  aux  Indes  ntoL,  n.  vii,  1907,  p.  3a 
{Ctitu), — Holtermann,  Einflnsa  d.  Klimas,  1^07^  pp.  I7,  106,  135  and  136.— [Schom  SchleiBiz. 
bd  einigen  Urticaceen  u.  Scbldm<7stolitben  bei  Cirardima  palmata,  Anzeiger  Wiener  Akad.,  Math.- 
natnrw.  KL,  1907,  p.  65 ;  and  in  Sitz.-Ber.  Wiener  Akad.,  cxvi,  Abt.  i,  1907,  pp.  393-410,  a  Tab.] 

Appendix  :    Tribe  VII.    THELYGONEAE  (p.  779). 

In  Thelygonum  the  upper  epidermis  of  the  leaf  is  characterized  by  the  forma- 
tion of  papUae. 

literatnre :  Gntenberg,  Lichtsinnesoig.9  Ber.  dentsch.  bot  Gesellach.,  1905,  pp.  a69,  aTO  and 
Tab.  X,  xi 

PLATANACEAE  (pp.  779-781). 

According  to  Bouygues,  the  vascular  bundles  of  the  petiole  are  what  he 
calls  '  pseudo-faisceaux  rayonn^.'  In  the  mature  condition  they  show  an 
annular  arrangement,  although  they  do  not  arise  from  a  single  procambial 
strand ;  in  correspondence  with  tWs  their  conjunctive  tissue  resembles,  the 
ground  tissue. 

Literatnre :  Pitaid,  P^ricyde,  Th^,  Boideanx,  1901,  pp.  81, 8a. — Bonygfues,  Cert  formes  vase, 
anorm.  du  p^iole,  Act.  Soc.  Linn.  Bordeaax,  Irii,  190a,  pp.  91,  9a. — ^Tuzson,  SpfraKffe  Stmktnr  d. 
Zelhr.  in  den  Markstr.,  Ber.  dentscb.  bot  Gesellscb.,  1903,  p.  370. — Col,  Faisoeanx,  AAn.  sc.  nat., 
s^.  8,  t.  XX,  1904,  p.  141. — Kcdoli,  Legnami,  Bnll.  Siena,  1906,  p.  135. 
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JUGLANDEAE  (pp.  783-785). 

Utcratiive :  KaiBner,  Mark  eioiger  Holzpfl.,  Diss^  Basel,  1884,  pp.  11-15  <^  '^^^'  i.— Pitaid, 
icyde,  Thbe,  Bordetoz,  1001,  pp.  55-7.--Coly  Faisceanx, 
p.  146.— Picdolii  Legnami,  BiuL  Siola,  1906,  pp.  131  and  171. 


MYRICACEAE  (pp.  785,  786). 

The  Anatomical  Characters  of  the  Order,  which  were  enumerated  in 
the  earlier  part  of  this  book,  are  confirmed  by  the  results  of  Chevalier's  recent 
researches.  It  only  remains  to  point  out  that  m  addition  to  the  peltate  external 
glands  one  finds  stalked  capitate  glands,  which  are  either  uniseriate  or  unicellular, 
and  that  uniseriate  clothing  hairs  occur  side  by  side  with  the  unicellular  ones. 

The  Structure  of  the  Leaf  is  now  adequately  known  as  a  result  of 
Chevalier's  investigations.  The  leaves  are  almost  always  bifacial  in  structure, 
the  palisade-tissue  consisting  of  one  or  two  or  sometmies  of  several  layers. 
The  stomata  are  confined  to  the  lower  side  of  the  leaf,  and  are  either  raised 
above  the  level  of  the  epidermis  (e.g.  in  Myrica  Faya^  Ait.)  or  covered  in  by 
the  neighbouring  cells  (as  in  the  sections  Comptonia  and  Gale),  They  develop 
according  to  the  Ranunculaceous  type  and  have  5-10  neighbourmg  cells ; 
in  Myrica  cardifolia,  L.,  they  are  restricted  to  deep  pits  in  the  surface  of  the 
leaf,  while  in  M.  Gcie^  L.,  they  are  distinguished  by  the  papillose  character  of 
the  neighbouring  cells.  The  epidermal  cells  are  for  the  most  part  small 
and  have  straight  or  undulated  lateral  walls  ;  the  cuticle  is  commonly  granular, 
more  rardy  striated.  Papillose  differentiation  of  the  lower  epidermal  cells, 
like  that  observed  in  M.  Gafe,  appears  to  occur  rather  frequently.  M.  javanica, 
Bl.  is  alone  characterized  by  the  possession  of  a  hjrpoderm,  which  is  situated 
on  the  upper  side  of  the  leaf  and  consists  of  two  layers.  The  peltate  glands 
mention^  in  the  earlier  part  of  this  book  are  present  in  almost  all  the  species  ; 
their  shield,  as  we  may  notice  in  passing,  may  be  divided  both  by  tai^;ential 
and  radial  walls  and  the  component  celk  may  eventually  even  show  an  irre- 
gular arrangement.  Side  by  side  with  these  glands  other  types  of  glandular 
hairs  occur.  In  3f .  Gale^  L.,  3f .  asplenifolia^  L.  and  Af .  escmenta^  Buch.-Ham. 
isolated  epidermal  cells  of  the  ordinary  kind  occasionally  function  as  glands ; 
they  become  filled  with  oil,  and  their  walls  remain  thin,  while  the  outer  walls 
become  slightly  arched  outwards.  In  species  of  the  sections  Comptonia 
and  Gale  (e.g.  Myrica  Gale)  one  also  finds  uniseriate  external  glands,  which 
are  composed  of  three  or  four  cells ;  of  these  either  the  terminal  cell  or  one 
of  the  middle  cells  secretes  oil.  It  is  no  great  step  from  these  forms  to  the 
stalked  external  glands,  which,  for  instance,  are  likewise  found  in  3f .  asplenia 
folia  and  M.  esculetUa  and  have  heads  composed  of  a  small  number  of  cells. 
It  remains  to  mention  those  types  of  peltate  glands,  in  which  the  shield  is 
provided  with  a  jagged  margin  (e.g.  in  M.  pennsylvanica,  Lois.-Desl.).  Uni- 
cellular sclerotic  clothing  hairs,  which  have  either  a  smooth  or  a  verrucose 
surface,  are  found  in  varying  abundance  in  all  the  species.  In  M.  Zeyheri^ 
CDC.  and  M.  asplenifolia  these  trichomes  occasionally  occur  in  pairs,  while 
in  M,  pennsylvantca  and  M.  fuercifolia^  L.,  their  basal  portion  is  surrounded 
by  several  rows  of  small  subsidiary  cells  ;  in  M.  asplenifolia  small  peg-shaped 
outgrowths,  which  penetrate  in  between  the  neighbouring  epidermal  cells, 
are  often  developed  on  the  base  of  the  hair.  In  the  hairs  of  M.  esculetUa, 
Buch.-Ham.  var.  longifolia  (Teysm.  et  Binn.)  Chevaher  figures  a  few  relatively 
thin  transverse  walls. 

Three  vascular  bundles  enter  the  petiole ;  in  their  further  course  these 
bun<fle8  approach  one  another  and  ultimately  fuse  to  form  an  arc  of  wood 
and  bast.    In  rare  cases  the  lateral  bundles  undergo  subdivision,  so  that  five 
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vascular  bundles  are  to  be  found  at  certain  points  (e^.  occasionally  in  M.  Nagi^ 
Thunb.). 

As  regards  the  structure  of  the  cortex  we  may  add  the  following  details. 
The  primary  medullary  ravs  between  the  groups  of  bast  broaden  out  towards 
the  exterior  in  the  shape  of  a  wed^e.  There  are  no  sderenchymatous  elements 
in  the  secondary  bast  m  M.  Gale^  m  contrast  to  M.  asplenifolta  (where  they  are 
generally  isolated)  and  other  species  (where  they  ionn  groups).  Secretory 
cells  ('  cellules  mortes  de  lignine  gommeuse '  according  to  Chevsdier  ;  '  Zellen 
mit  rotgefarbtem  Milchsaft '  according  to  Beringery  occasionally  (e.g.  in  M. 
asplenifolia)  occur  in  the  cortex.  The  statements  in  the  literature  as  to. the 
occurrence  of  laticiferous  tubes  or  laticiferous  vessels  (see  Hooper  and  I>3rmock) 
have  as  Uttle  foundation  as  the  recorded  presence  of  resin-canab  \  discussed 
in  the  earlier  part  of  this  book. 

Litentnre:  [Dymock,  Indian  Drugs,  Pharm.  Tonrn.  and  Trmniact,  1880,  p.  581  et  seq.;  abstr. 
in  Bot  CcntxmlM.,  1880,  iii,  p.  977.]— ;iHooper,  Myrica  A^^>  Americ.  Jonrn.  Phaim.,  1894,  p.  aoj^; 
abatr.  in  Jost,  1894,  ii,  p.  41a]— [Beringer,  JIfyrica,  Americ  Jonm.  Pharm.,  1804,  p.  aao;  aMtr.  m 
Jost,  1894,  ii.  p.  401.] — [Flanchon  ct  CoUin,  Drogoes  simples,  Paris,  1895  (Sfyrua  ctr^an£).\ — 
Chevalier,  Appareil  T^g^tatif  des  Mjrric.,  Comptes  rendns  Assoc  fran^.  pour  rayanoemeat  dcs  sc, 
Nantes,  1898,  i,  pnbl.  1899,  p.  164,  and  ii,  1899,  pp.  457-^.— Keainnr,  in  Contrihot.  U.  &  Nat 
Herb.,  y,  n.  5,  looo,  p.  304. — Cheralier,  Mooographie  dn  Mwioaoto,  Th^te,  Pads,  15^1,  257  pp., 
8  pi.,  I  carte ;  aM  in  Mem.  Soc.  |c.  de  Cherbourg,  xzziL — [Kiembs  and  DoniitOD,  Stmctme  of  the 
stem  of  Myrica  GaU  and  M*  ceriferaf  Proceed.  Americ.  Pharm.  Assoc.,  1901,  pp.  414-33.] — Petersen, 
Vedanatomi,  1901,  pp.  37,  38.— Pitard,  P^ricyde,  Th^,  Bordeasx,  1901,  pp.  78,  79.— Claadtu, 
Blattanat.  canaf.  Gew.,  Diss.,  Basel,  1903,  pp.  44-6. 

CASUARINEAE  (pp.  786-790). 

For  the  detailed  structure  of  the  «feMnatal  apparatus  in  Casuarinat  see  P(»sctu 
IL  cc.  According  to  this  author  a  particularly  noteworthy  feature  from  the  ph^do- 
genetic  standpoLnt,  conttderod  in  relation  to  the  indications  of  afiSmity  between  tiie 
Casuarineae  and  the  Gymnosperms,  lies  in  the  intercalation  of  cntine-lamellae  in 
the  celluloee-membrane  of  the  dorsal  and  ventral  walls  of  the  guard-ceUs,  which 
are  rather  deeply  sunk.  These  lamellae  completely  coincide  with  the  '  xyton- 
lamellae '  of  Gymnospermous  stomata  both  in  their  shape  and  in  the  extent  of  their 
development. 

Literature:  Hohnel,  Gerberinden,  Berlin,  1880,  p.  50. — [Morini,  Anat  della  radice  delle 
Casnarin.,  Mem.  Accad.  Bologna,  Ser.  5,  vol.  6,  pp.  301-34, 3  ub. ;  abitr.  in  Jost,  1897,  i,  p.  507.]— 
Bargagli-Petmcd,  Legnami,  Malpighia,  1903,  p.  388.— Porsch,  Spaltoffimngsappamt  too  Casmarmt 
n.  seine  phyletische  Bedent^  Osterrdch.  bot  Zdtschr.,  1904,  n.  i  et  seq. ;  aep.  copy,  31  pp.  and  Tab. 
iii.— [Maiden,  CasMorma  imphlna^  Proc.  Linn.  Soc.  New  S.  W^les,  1905,  p.  iiL] — Porsch,  Der 
Spaltoffhnngsapparat  im  Lichte  der  Phylogenie,  Jena,  1905,  p.  17  et  seq. 

CUPULIFERAE  (pp.  791-797). 

2.  Structure  of  the  Leaf.  The  following  supplementary  facts  refer 
mainly  to  the  structure  of  the  leaf  in  Quercus  (exd.  Pasania\  which  has 
recenUy  been  examined  in  detail  especially  by  Schott,  Ktister  and  Brenner. 
Isolateral  structure,  like  that  found  in  Q.  Ilex,  occurs  in  the  leaves  of  many 
species,  e.g. :  Q.  agrifolia,  N&,  0.  alnifolia,  Poech,  Q.  caUiprinos,  Webb, 
Q,  ckrysohpis,  Liebm.,  Q,  cinerea,  Michx.,  0.  coccifera,  L.,  Q.  crassipes,  Humb. 
et  Bonpl.,  Q.  incana,  Roxb.,  Q.  macroUpis,  Kotschy,  Q,  ferstca^  JauD.  et  Spach, 
0.  VaUonea,  Kotschy,  and  Q,  xalapensis,  Qumb.  et  Bonpl.  (according  to 
Schott).  Hypoderm  is  present  in  a  few  species  of  Quercus  (e.g.  in  Q.  xala- 
fensis  according  to  Schott,  in  Q,  densiflara,  Q,  glabra  and  0.  pachyphytta  accord- 
ing to  Kiister,  and  in  Q,  virginiana,  L.  according  to  Kearny).  A  tendency 
to  form  papillae  on  the  lower  epidermis  is  recorded  by  Kuster  in  Q.  Ballota, 

*  According  toCheralier  the  plant,  which  was  examined  Inr  Hohnel  tinder  the  name  of  Afyrica 
sapida  and  was  toond  to  be  provided  with  resin-canals,  is  probably  Podoc^rpm  i^ff. 
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Q.  cuspidafa,  and  O.  glabra^  by  Schott  in  Q.  ckrysophyUa^  and  by  Kdhne  also 
in  Alnus  incana,  Wilfd.  and  A.  rubra.  Bong.  In  all  the  species  of  Quercus 
that  have  been  examined,  the  stomata  are  confined  to  the  lower  surface  of 
the  leaf.  For  the  detailed  structure  of  the  stomata  in  Q.  Ilex,  see  Guttenberg, 
loc.  cit. ;  a  particularljr  noteworthy  feature  is  that  the  guard-cells  develop 
peculiar  longitudinal  cuticular  folds  on  the  upper  portion  of  the  ventral  walls, 
which  surround  the  front  cavity ;  in  a  transverse  section  these  folds  appear 
as  small  projecting  horn-like  outgrowths,  lying  opposite  to  one  another.  Less 
strongly  developed  ridges  of  the  same  ^pe  have  been  observed  also  in  Q.  StAer, 
L.  In  the  majority  of  the  species  of  Ouercus  three  arcs  of  wood  and  bast 
are  found  between  the  base  and  the  middle  of  the  midrib  of  the  leaf,  and  the 
same  is  the  case  in  the  petiole ;  the  upper  arc  is  inversely  orientated  (with- 
the  phloem  on  the  upper  side),  while  the  middle  and  lower  arcs  are  normally 
orientated.  The  middle  one  arises  from  the  upper  one  by  the  inrolling  of 
its  ends  (i.e.  b^  a  process  of  twisting  through  an  anj^le  of  180^) ;  for  the  dis- 
tribution of  this  median  arc  of  wood  and  bast  (which  was  first  observed  by 
Frank)  in  the  genus  Quercus^  see  C.  de  Candolle  and  Schott,  11.  cc.  For  details 
as  to  the  structiu-e  of  the  margin  and  teeth  of  the  leaf  in  the  species  of  Quercus, 
see  likewise  Schott. 

To  the  previous  discussion  of  the  clothing  hairs  (p.  792)  we  may  add 
the  following  details.  Simple  unicellular  clothmg  hairs  with  walls  of  varying 
thickness  also  occur  in  Quercus,  although  not  very  commonly  (e.g.  in  Q,  annu^ 
lata,  Q.  dentaia,  Thunb.,  Q.  glandulifera,  Bl.,  Q.  hungarica,  Q,  mongolica,  Fisch., 
Q,  robur,  L.,  Q.  sessUiflora,  &c.).  On  the  other  hand  stellate  and  tufted  hairs 
are  widdy  distributed  in  the  genus  Quercus,  the  number  of  r^-cells  occasionally 
bein^  small  (2-4)  and  large  in  one  and  the  same  species,  llie  following  types 
reqmre  special  mention :  (a)  in  the  stellate  hairs,  which  cover  in  the  stomata 
oa  the  lower  surface  of  the  leaf  in  Q.  leucocarpa.  Hook,  f .  et  Th.  and  Q.  Henryi, 
Seem.,  the  3-5  rays  show  unilateral  development,  and  the  hairs,  as  seen  from 
the  surface,  resemble  a  hand  with  outspread  fingers  (according  to  Brenner); 

(b)  the  steUate  hairs  of  Q.  crassipes,  Humb.  et  Bcmpl.,  Q.  fulva,  Liebm., 
Q.  imbricaria,  Michx.  and  Q.  niUns,  Mart,  et  Gal.,  in  which  the  lower  parts 
of  the  ray-cells  are  fused  to  form  a  stalk  to  the  hair  (according  to  Schott) ; 

(c)  the  tufted  hairs  of  Q.  Brantii,  lindl.,  which  are  composed  of  a  particularly 
large  number  of  cells  (fc»ming  as  many  as  20  rays),  and  in  which  the  ray-ceUs 
are  arranged  approximatelY  in  two  tiers  (according  to  Schott) ;  (i)  lastly  hairs, 
which  resemble  stellate  trichomes  or  small  scales  and  have  thm  cdl-walls ; 
these  are  described  by  Brenner,  who  figures  them  in  ^.  'Sieboldii '  and  records 
them  also  in  Q.  cusp%daia,  Thunb.,  Q.  Junghuhnii,  Miq.,  Q.  lanceaefolia,  Roxb. 
and  Q.  sderofhylla,  Lindl.  et  Paxt.  According  to  Schott  true  peltate  hairs 
occur  in  Q.  nigra,  L.,  which  is  not  included  in  the  section  Pasania,  but  in  the 
section  Erythrobalanus ;  the  shield  has  a  jagged  margin,  and  the  8-14  ray- 
cells  of  which  it  is  composed  meet  in  the  centre.  We  may  add  that  according 
to  Ktister  brown  stellate  hairs  are  found  on  the  LenHcularis-gaSis  of  Q.  pedun- 
ctUata,  and  two-armed  hairs  on  the  NumismatiS'%dMi&  of  the  same  species ; 
the  type  of  hair  first  named  is  not  normally  present  in  Q,  pedunculata,  while 
two-armed  hairs  have  not  as  yet  been  observed  as  a  norma}  feature  in  any 
species  of  Quercus.  The  two  types  of  glandular  hairs,  previously  described 
by  me  in  Q.  FarneOo,  occur  also  m  other  species  of  Quercus.  Thus  according, 
to  Krister  uniseriate  j^landular  hairs  (Fig.  187,  I)  are  found  also  in  Q.  alba, 
Q.  aquatica,  Q.  glaucotdes,  Q.  magnoliaefolia,  Q,  nip^a,  Q.  oblongifolia,  Q.  reti-. 
culata,  Q,  Sartorii,  0.  undulata,  and  according  to  Schott  in  Q.  alnifolia,  foech 
and  Q.  imbricaria,  Micbx»  ^  according  to  Ktister  capitate  glandular  hairs  are 
present  in  Q.  pedunculata,  Q.Uicifolia,  Q,  lyrata,  Q.  macrocarpa,  &c.  Brenner 
(loc.  cit.,  p.  154)  also  records  glandular  hairs,  which  probably .  function  as 
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hydathodes,  in  Q.  reflexa^  King  and  other  species,  but  the  details  of  their 
structure  are  not  recognizable  in  his  figure  (30  a,  a). 

3.  Structure  of  the  Axis.  For  the  strongly  develop^  oH-k-wings 
found  on  the  axes  of  Q.  macrocarpa^  Michx.,  see  Gregory;  loc.  dt.  Regardii^g 
a  peculiar  spiral  structure  in  the  medullary  rays,  see  Tuxson,  loc.  dt. ;  this 
feature  is  only  noticed  at  points  at  which  the  xylem-mass  is  ruptured  and  is 
particularly  well  shown  by  Fagus  sUvatica^  but  also  by  Alnus  incana^  Bettda 
verrucosa^  tarpinus  Betulus^  Osirya  carpinifolia,  Qu^cusCerris  and  Q.  sessili flora. 

literature :  Hohnel,  Gerberinden,  Berlin,  1880,  p.  5  a  et  sea. — KOgler,  Kork  voo  Qmercus  suSer, 
ArdiiTcL  Pbarm.,  1884,  pp.  217-30. — Greeory,  Cc^-wingt,  Bot.  Gasette,  1888,  pp.  249,  35a — 
Hartig,  Eichenliolx,  Sitz.-tier.  MUndL  Akad^  1894,  p.  385  et  tea.  and  eliewhere.^rLanMey,  Cb^ne 


li^  Paris,  i8o4.>-Kohne,  PapiUen  n.  obers.  Spalt5ffn.,  MittdL  dentscfa.  dendrofog.  GeseUsch., 
1899,  p.  53. — Kearny,  in  Contribat  U.  S.  Nat  Herb.,  ▼,  n.  5,  1900,  p.  394.— Kfister,  fiemerk.  iiber 
die  AnaL  d.  Eichen,  Bot.  CentralbL,  1900,  iii,  pp.  177-8^.— Eog.  Ant.  MOUer,  Koikekbe,  Abh.  k. 


k.  geogr.  GeseUsch.  Wien,  ii,  1900.— Schott,  Anat  Ban  d.  Blattes  d.  Gatt  Querent,  Diss.,  Heidel- 
berg, 1900,  53  pp.,  3  Tab. — ^Tnnmann,  Sekretdriiien,  Diss.,  Bern,  1900^  i^  i7-9a— Petersen, 
Vedanatomi,  ipoi,  pp.  38-37 — Pitard,  P^ricYcle,  Thte,  1901,  pp.  63-4.— Baigagli-Petmod, 
Legnami,  Malpighia,  1903,  p.  389  (Querais). — W.  Brenner,  Klima  n.  Blatt  bd  Querctts,  Flora,  190a, 
pp.  ii4--6o.--4Piccioli,  Monografia  del  Castagno,  Firenze,  1902.] — Simon,  Holzkorper  sommer- n. 
wintergriiner  Gew.,  Ber.  dentsdu  bot  Gesellsch.,  190a,  pp.  343-4  and  Tab.  xL — Tnzsoo,  ^piralige 
Straktnr  d.  Zellwand  in  den  Markstr.  des  Rotbnchenholxes,  Ber.  dentsch.  bot  Gesdlach.,  1903, 


Diss.,  wurzbnrg,  1904,  p.  51. — Haberlandt,  Licntsuinesorg.,  1005,  p.  97  and  Tab.  i. — Picaoli, 
Qnerd  Italiane,  Firente,  1906, 60  pp. — Picdoli,  Legnami,  Ball.  Siena,  i«»6,  pp.  133,  137,  139,  143, 
168, 169,  176. — Gnttenberg,  Immem.  LanbbL  d.  Medlterranflora,  in  ^igkr,  Bot  Jahrb.,  xxxviii, 
1907,  pp.  417-19  {Quercus  /Zfx).— [For  farther  literature,  see  p.  1170.] 

SALICINEAE  (pp.  797-799). 

The  following  further  points  of  distinction  between  the  two  genera  of 
this  Order  may  be  added :  Populus  alone  has  bundles  of  sclerenchyniatous 
fibres  in  the  medullary  sheath,  and  invariably  has  stone-cells  in  the  cortex, 
while  stone-cells  are  never  present  in  the  cortex  in  Salix ;  the  cork  in  Salix 
always  contains  cells  with  rather  strongly  thickened  outer  tangential  walls, 
whereas  such  cells  do  not  occur  in  the  cork  in  Populus.  As  regards  the 
nlode  of  origin  of  the  cork,  which  in  the  earlier  part  of  this  book  was  mentioned 
as  a  means  of  distinguishing  the  two  genera,  recent  investigations  have  con- 
firmed the  statement  that  epidermal  development  of  the  cork  is  characteristic 
of  Salix ;  in  Populus  the  cork  generally  arises  in  a  subepidermal  position  and  in 
P.  FrefnofUiisAone  (according  to  Perredls)  in  the  third  layer  of  the  primary  cortex. 

The  following  additions  on  the  structure  of  the  leaf  deal  {Hrincipally  with 
Salix  and  are  based  on  Camus's  observations.  The  type  of  stoma,  previously 
described  in  SaliXy  is  present  throughout  the  genus ;  the  stomata  in  Salix 
are  always  found  on  both  sides  of  the  leaf.  Gelatinized  efrfdermal  cells 
have  been  recorded  also  in  5.  habylonica,  5.  caesia^  S.  glabra,  S,  glauca^  S. 
hastata,  S.  helvetica,  S.  Lapponum,  S.  pentandra,  S.  phylicifolia,  5.  pyrenaica, 
5.  repens,  5.  reticidala  and  5.  retusa.  In  all  probability,  however,  they  are 
even  more  widely  distributed,  for  the  1-3  tangential  walls  described  by  Camus 
are  probably  in  all  cases  (this  is  certainly  so  at  least  in  5.  nigricans,  as  I  have 
found  by  a  reinvestigation  of  this  species)  merely  the  cellulose-lamellae  of 
gelatinized  cell-walls.  Wax  (in  the  form  of  small  rods)  is  excreted  on  the 
surface  of  the  leaf  in  many  species  of  Salix,  The  mesophyll  is  differentiated 
after  the  manner  of  a  hypoderm  (just  as  in  5.  alba)  also  in  5.  babylonica.  In 
alcohol-material  of  the  leaves  of  5.  cinerea,  S.  daphnoides  and  other  species 
Camus  observed  sphaerocrystalline  excretions  (cf .  also  the  abstract  of  Dobrow- 
lianskij's  earlier  paper  in  Just,  1893,  I,  p.  560  et  seq.).  In  connexion  with 
the  glandular  leaf-teeth  and  the  glandular  spots  on  the  bud-scales,  mentioned 
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on  p.  798  as  occurring  in  Poptdus^  we  may  point  out  that  in  manv  species  of 
this  genus  extraflor^u  nectaries  are  found  on  the  leaves  formed  in  spring, 
or  even  on  all  the  leaves ;  the  structure  of  these  nectaries,  which  are  situated 
at  the  apex  of  the  petiole,  is  similar  to  that  of  the  leaf-teeth  (Trelease). 

To  the  section  dealing  with  the  structure  of  the  wood  we  may  add  that 
in  Salix  aurita  and  S.  cinerea  (but  not  in  5.  Caprea)  portions  of  the  wood  pro- 
ject like  ridges  into  the  bast ;  this  feature  occurs  also  in  t>ther  species  of  Salixy 
but  is  less  distinct  (Camus). 

In  tuminc  our  attention  to  the  structure  of  the  cortex  we  may  once  more 
refer  to  the  above-mentioned  features  distinguishing  Populus  ana  Salix  (pre- 
sence or  absence  of  stone-ceUs  and  structure  of  the  periderm) ;  they  were 
determined  by  SoStari^  and  Perredte.  According  to  Camus  the  pericycle  in 
Salix  usually  contains  a  ring  of  fibres,  which  subsequently  becomes  burst  open, 
while  in  other  cases  isolated  groups  of  fibres  are  present  from  the  first;  in 
the  creeping  and  procumbent  axes  of  5.  herbacea  and  5.  polaris  and  in  those 
branches  of  other  species,  which  show  the  same  habit,  there  are  no  pericyclic 
fibres.  The  groups  of  fibres  in  the  secondary  bast  vary  in  abundance  in  Salix ; 
in  5.  reticulata  no  secondary  hard  bast  was  found,  even  in  thick  axes. 

Regarding  the  pith  the  following  details  may  be  .added  on  SoStarid's 
authority.  In  most  of  the  species  of  Foptdus  the  mner  cells  of  the  pith  are 
partly  lignified  and  partly  unlignified;  in  P.  euphratica  alone  all  the  cells  have 
thick  lignified  walls.  As  regarck  the  genus  Salix  the  medullary  cells  are  lignified 
in  the  shrubby  willows,  while  in  the  dwarf  and  glacial  willows  only  isolated 
cells  of  the  pith  are  lignified,  or  (5.  retusa^  L.)  hgnified  cells  are  completely 
absent.  In  the  case  of  Poptdus  euphroHca  the  groups  of  sclerenchymatous 
fibres,  characteristic  of  Populus  (see  above),  are  present  not  only  at  the  margin 
of  the  pith,  but  are  scattered  throughout  its  entire  mass.  According  to  Camus 
carbonate  of  Ume  is  deposited  also  in  the  pith  of  S.  triandra. 

Litenttnre:  Hohnd,  Gerberinden,  BerllD,  1880,  p.  87  et  seq. — ^[Trelease,  Nectar-glands  of 
Pifpulus.  Bot  Gazette,  1881,  pp.  284-90.] — [Theoiin,  Om  bladstend^Ianderoa  hos  en  dd  Salices, 
Stockliolm,  i88a.>— Boergesen,  Arkt  pi.  bladbygn.,  Bot  Tidsskrift,  xix,  1895,  p.  319  et  teq.— 
SoStariC,  Ban  des  Stammes  d.  Salicin.,  Sitz.-6er.  Wiener  Akad.,  cvii,  Abt.  i,  1898,  pp.  i  a  10-19;  ^^ 
Otterreicb.  bot.  Zeitschr.,  1899,  p.  117.— Kohne,  PapUlen  a.  oberseit.  Spaltoffii.,  MitteiL  dentsch. 
dendrolog.  Gesellsch.,  1899,  p.  53>~'PAuleaco,  Stmct.  anat.  des  hybrides,  Th^,  Geneve,  1900,  p.  90 
{Salix). — ^Tnnmann,  SekretdrOsen,  Diss.,  Bern,  1900,  pp.  14-17. — Petersen,  Vedanatomi,  1901, 
pp.  a4-7.~iPitard,  P^cyde,  ThHe,  Bordeaux,  1901,  pp.  94,  95. — Perred^,  Comp.  anat.  of  the 
Mrks  or  Salidn.,  Pharm.  Jonm.,  1903 ;  sep.  copy  from  Wellcome  Chem.  Research  Labor.,  n.  $9, 
34  PP*y  6  pL^-Col,  Faisceaoz,  Ann.  sc.  nat,  ser.  8,  t.  xx,  1904,  p.  149. — Camus,  Classificat.  des 
Sanies  d'Europe  et  monogr.  des  Saules  de  France,  Jonm.  de  Bot,  1904,  p.  175  et  seq.,  and  1905, 
p.  [i]  et  seo. ;  especially  1904,  pp.  184-315  (with  anatomical  diagnoses  of  tne  indiYidnal  spedes). — 
fCamus,  Atlas  de  la  monogr.  des  Saules,  Paris,  1^04,  with  eight  anatomical  platet.]— {Penhallow, 
Syst.  Study  of  the  Salic,  Americ.  Natnimlist,  xxxix,  iS^5i  pp.  509-35  and  797-838 ;  abstr.  in  Just, 
1905,  ii,  p.  13  etseq.V-Picdoli,  Legnami,  Bull.  Siena,  1900,  p.  143. — [Gaertner,  Vergl.  BUttanat.  z. 
Syst  d.  Gatt  Salix,  uin.t  Gottingen,  1907, 59  pp.] 

EMPETRACEAE  (pp.  800,  801). 

Literature : — Boergesen,  Arkt  pi.  bladbygn.,  Bot.  Tidsskrift,  xix,  1895,  p.  219  etseq. — Petersen, 
Vedanatomi,  1901,  pp.  46,  47. — ^Theorin,  Vaxttrichom.,  Arkiv  for  Bot,  i,  1903,  p.  161. 

CERATOPHYLLEAE  (pp.  801-803). 

The  oily  contents  found  in  young  stages  in  the  shaggy  structures  consist 
of  myriophyllin ;  ceUs  containing  myriophyllin,  moreover,  are  also  found  db- 
tributed  through  the  tissues  of  the  plant  (Strasburger). 

Literature:  Weinrowsky.  Schdteloffh.  bei  Wasserpfl.,  Diss.,  Berlb,  1898,  p.  22  (also  in 
Fiin&titck,  Beitr.,  iii).— -Roealer,  Assimilator.  Gewebesyst,  Diss.,  Freiburg;  L  d.  Schw.,  1898-9, 
p.  37.— Strasburger,  Ceroiopkyllum  demersum,  in  Pringsheim  Jahrb.,  xxxni,  1902,  p.  500  et  seq. 
andTab.  X,  xi. 
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CONCLUDING  REMARKS 

The  following  pages  are  devoted  to  a  review  of  those  anatomical  cha- 
racters which  have  proved  to  be  of  taxonomic  value,  with  reference  to  their 
occurrence^  in  particular  Orders,  genera^  or  species.  In  the  course  of  our 
survey  the  varying  systematic  value,  whidi,  as  eiq>erience  has  shown,  attaches 
to  the  individual  anatomical  characters,  wiU  become  evident.  These  concluding 
remarks  may  therefore  serve  both  as  an  aid  in  the  determination  of  a  plant  by 
means  of  its  anatomical  characters,  and  (in  conjunction  with  the  Introduction 
on  p.  I  et  seq.)  as  a  guide  to  the  anatomical  method. 

In  this  review,  however,  it  is  not  my  intention  to  propound  any  definite 
doctrine,  nor  to  forestall  in  any  way  the  results  of  free  and  independent  re- 
search. The  facts  and  views  presented  in  these  pages  are  merely  relative  to 
the  present  state  of  our  knowledge  and  refer  only  to  uie  plant-material  hitherto 
investigated,  the  precise  nature  of  which  is  mentioned  under  the  individual 
Orders  in  the  main  part  of  this  book ;  as  the  result  of  further  investigations 
these  statements  wfll  often  enoujgh  require  amplification  or  restriction.  Let 
the  guiding  principle  in  systematic-anatomical  investigations  be  invariably  to 
take  all  the  anatomical  features  into  consideration  and  to  test  their  systematic 
value  in  each  individual  case. 

The  anatomical  characters  are  discussed  in  the  fdlowing  seven  chapters : — 
I.  Structure  of  the  lamina  of  the  leaf ;  II.  Structure  of  the  petiole ;  HI.  Secre- 
tory and  excretory  receptacles  ;  IV.  Hairy  covering ;  V.  Normal  structure  of 
the  axis  ;  VI.  Anomalous  structure  of  the  axis  ;  Vll.  Structure  of  the  root. 

I.  Structure  of  the  Lamina  of  the  Leaf*. 

§  I.  Simple  Epidermis.  The  epidermis  of  the  leaf  exhibits  a  large 
number  of  structural  variations,  which  for  the  most  part  constitute  biological 
characters  and  are  generally  only  of  value  for  specific  diagnosis. 

Tliese  variations  are  primaril  v  connected  with  the  shape  of  the  cells  in 
surface-view.  As  a  rule  the  epidermal  cells,  when  seen  from  the  surface,  are 
approximatelv  isodiametric,  the  lateral  walls  being  either  straight  or  undulated. 
It  IS  chiefly  the  extreme  types  of  structure  shown  by  the  lateral  walls  on  any 
one  surface  of  the  leaf  that  are  of  value  for  taxonomic  purposes,  and  more 
especially  for  specific  diagnosis,  whilst  variation  of  these  characters  within 
narrow  limits  (e.g.  straight  and  slightly  curved  lateral  walls;  or  lateral  walls 
curved  to  a  varying  extent)  occurs  frequently  enough  in  one  and  the  same 
species.  Epidermsd  cells  with  curved  lateral  walls,  moreover,  are  found 
especisdly  in  species  growing  in  damp  habitats,  while  epidermal  cells  with 


^  1q  reviewing  the  distribution  of  those  anatomical  features  which  axe  of  frequent  occnncnce, 
as  a  rule  only  Orders  and  anomalous  genera  are  cited. 

'  As  in  the  descriptions  of  the  individual  Orders  (under*  Structure  of  the  Leaf*)  certain 
anatomical  characters  of  the  axis  (such  as  spicular  cells,  &c),  which  correspond  to  analogous  features 
in  the  leaf,  are  likewise  taken  into  consideration. 

For  the  anatomical  structure  of  subterranean  leaves,  we  may  refer  to  the  paper  by  Thomas 
(Anat.  comp.  et  exp.  des  feuilles  sout,  Th^,  Paris,  1900,  106  pp.;  see  also  Revue  ghL  de  BoL, 
'900iP-394«t8eq.). 


Digitized  by 


Google 


STRUCTURE  OF  THE  LAMINA  OF  THE  LEAF  1071 

straight  lateral  walls  are  common  in  species  occupying  a  dry  habitat ;  the 
former  tvpe  of  cell  in  general  <x:ctirs  more  frequently  on  the  lower  than  on  the 
upper  side  of  the  leaf 

The  following  special  forms  of  epidermal  cells  require  mention.  In  certain 
species  bdonging  to  a  large  number  of  different  Oiders  (e.g.  Ranunculaceae, 
PapiHonaceae,  Laurineae»  Euphorbiaceae,  &c.)  one  finds  epidermal  cells  with  their 
lateral  walls  more  or  less  bent  in  a  zigzag  fashion,  while  the  apices  of  the  angles 
exhibit  ridge-like  projections,  the  ends  of  which  are  swollen  in  a  nodose  manner 
or  in  the  shape  of  a  T,  much  as  in  the  petals  of  many  plants.  A  local  separation 
of  the  lateral  walls  has  been  observed  in  species  of  Ranunculus.  In  narrow  leaves 
(Caryophylleae,  Papilionaceae,  Epacrideae,  JPolemoniaceae,  &c.)  elongated  epidermal 
cells  are  not  uncommon,  the  cdls  in  some  cases  (species  of  Lathyrus,  CandolUa) 
being  almost  prosenchyinatous.  The  lon^  axis  of  these  cdls  is  usually  parallel  to 
the  median  vem  of  the  leaf,  although  occasionally  {Silene  fruHcosa^  species  of  Eutaxia 
and  Tfifolium)  transverse  to  it. 

The  size  ^  of  the  epidermal  cells  often  varies  very  considerably  in  the  ttiree 
directions  of  space.  As  a  general  rule,  in  the  same  species,  the  cells  of  the 
upper  epidermis  are  larger  than  those  of  the  lower  epidermis.  The  extreme 
limits  (i.e.  very  larg^  or  very  small  dimensions)  in  tiie  size  of  the  ceUs  on 
one  and  the  same  surface  of  the  leaf  are  at  least  of  specific  value,  while  varia- 
tions of  this  feature  within  narrower  limits  occur  in  individuals  of  the  same 
species,  occupying  different  habitats  (see  Introduction,  p.  9).  A  considerable 
development  in  the  height  of  the  epidermal  cells  is  occasionally  connected  with 
both  extremes  of  size. 

A  small-ceUed  e^dermis,  as  seen  in  surface-view,  has  been  described  in  certain 
Capparideae,  Vochysiaceae,  Chlaenaceae,  Malpighiaceae,  Hippocrateaceae,  Salva- 
doraceae,  Chloranthaceae,  Myristicaceae  and  Buxaceae ;  a  large-celled  epidermis, 
as  regards  all  three  dimensions,  this  feature  being  occasionaUy  combined  with  a 
spedal  development  in  the  height  of  the  cells,  is  found  in  certam  Menispermaceae, 
C^stineae,  Violarieae,  Tremandreae,  Elatineae,  Sterculiaceae,  Malpighiaceae, 
Geraniaceae,  Rosaceae,  Bruniaceae,  Myrtaceae  sens,  str.,  Melastomaceae,  Cucurbi- 
taceae,  Begoniaceae,  Plumbagineae,  Styraceae,  Apocynaceae,  Aiclepiadeae,  Gesnera- 
ceae,  Verbenaceae  and  lUeceMaceae ;  epidermal  cells  of  consider2U>le  height,  gene- 
rally combined  with  a  palisade-like  shape  of  the  ceUs,  when  seen  in  a  transverse 
section  of  the  leaf,  have  been  observed  m  certain  Anonaceae,  Guttif erae,  Diptero- 
carpeae,  Rhaptopetalaceae,  Malpighiaceae,  Ilidneae,  Celastrineae,  Hippocrateaceae, 
Sapmdaceae,  Caesalpinieae,  Cmysobalaneae,  Saxifragaceae,  Hamamelideae,  Mela- 
stomaceae, Comaceae,  Candolleaceae,  Vacdniaceae,  Ericaceae,  Epacrideae,  Primu- 
laceae,  Bignoniaceae,  lUecebraceae,  Laurineae,  Thymelaeaceae,  Santalaceae  and 
Buxaceae.  In  a  few  species  of  CandoUea  (Candolleaceae)  the  high  epidermal  cells, 
whidh  have  a  rhombic  outline  or  assume  a  fibrous  form,  are  placed  obliquely  to  the 
surface,  and  as  a  consequence  the  epidermis  is  '  apparently  many-layered '  in  a 
transverse  section  of  the  leaf. 

Further  differences  in  the  epidermis  are  connected  with  the  structure 
of  the  cuticle  and  walls  of  the  epidermal  cells,  and  with  the  excretion  of  wax 
on  the  surface. 

The  cuticle  varies  in  thickness  and,  as  seen  in  surface- view,  is  either  smooth 
or  provided  with  granular  or  vemicose  thickenings,  or  striated.  The  thickness 
of  the  cuticle  as  well  as  the  degree  of  marking  on  its  surface  may  in  extreme 
cases  be  utilized  for  systematic  purposes ;  in  other  cases  a  certam  amount  of 
discretion  is  necessary,  i.e.  these  features  should  not  be  employed  until  abundant 
material  of  the  species  in  question  has  been  examined ;  the  two  features. 


'  The  Ttiiatioiif  in  the  met  of  the  cells  on  the  correflpooding  organs  of  one  and  the  same  genns 
{Gmmert^  are  often  inoootideraUe,  efcn  when  there  aie  great  differenoet  in  the  dimentiont  of  the 
organs  in  qnettion ;  for  details,  lee  Schn^g  (in  Flora,  xc,  1^2,  p.  306  et  seq.)  and  Amelnng  On 
Flora,  1893,  p.  ao8  et  seq.). 
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moreover,  are  not  alwa]^  developed  in  the  same  way  on  the  two  surfaces  of 
the  leaf.  A  more  impcntant  character  from  the  systematic  point  of  view  is 
the  Idnd  of  marking  on  the  cuticle.  This  applies  particularlv  to  the  cirticqlar 
ridges  or  crests,  which  are  often  of  ccmsiderable  neight  and  occur  on  the  flat 
surface  of  the  epidermis  (especially  on  the  lower  side  of  the  leaf)  in  certain 
Capparideae,  Dipterocarpeae,  Malvaceae,  Cyrilleae,  Himoseae,  Rosaceae, 
Lythrarieae,  Cacteae,  Araliaceae,  Vacciniaceae,  Ericaceae,  Sapotaceae  (Fig.  117, 
p.  513),  Styraceae,  Apocynaceae,  Euphorbiaceae  and  Ulmaceae ;  tb^  are 
frequently  the  cause  of  the  dull  appearance  of  the  smiace  of  the  leaf.  Suular 
high  cuticular  ridges  occasionally  unite  the  papillae  developed  from  the  epi- 
dmnal  cells  of  the  leaf,  such  papillae  being  provided  with  cuticular  outgrowttis 
in  the  form  of  a  small  crown  or  ridge  (see  the  discussion  of  the  papillae  below). 
It  remains  to  consider  :  (a)  the  occurrence  of  the  '  cuticular  layers,'  ^kbkii  are 
more  or  less  cuticularized  and  apposed  to  the  cuticle  oa  its  inner  side,  (6)  the 
penetration  of  the  cuticle  or  of  the  cuticular  layers  into  the  lateral  waUs  of  the 
epidermal  cells  in  the  form  of  lamellae  or  pegs,  and  (c)  similarly,  the  penetration 
of  the  cellulose-membrane  into  the  cuticularized  portion  of  the  outer  wall  in 
the  form  of  lamellae  or  p^.  The  structural  feature  last  named  has  been 
recorded  chiefly  in  certain  Papilionaceae  belonging  to  the  tribes  Podal}rrieae 
and  Genisteae,  as  well  as  in  certain  Lythrarieae  and  Proteaceae,  and  commonly 
causes  '  false  pitting  or  internal  striation '  of  the  outer  walls  of  the  epidermal 
cells,  when  seen  from  the  surface  (see  pp.  896,  897,  &c.). 

The  thickness  of  the  entire  outer  vhUl  and  of  the  lateral  and  inner 
walls  varies  in  the  same  way  as  does  the  thickness  of  the  cuticle.  It  is  a 
familiar  fact  that  strongly  thickened  walls  constitute  a  peculiarity  of  many 
xerophilous  species.  Exceptionally  strong  tUckeniiig  or  the  inner  walls  oi 
the  upper  epiaermal  cells  has  been  observed  in  certain  Epacrideae  and  Euphor- 
biaceae ;  uniformly  sclerosed  epidermal  cells  occur  in  certain  Menisperma- 
ceae,  Capparideae,  Ochnaceae,  Sapindaceae,  Melastomaceae,  C^dolleaceae 
(fibrous),  Epacrideae,  Thymelaeaceae  and  species  of  GonystyluSf  while  in  certain 
Caesalpinieae,  Vacciniaceae  and  Epacrideae  the  epid^inal  cells  have  the 
appearance  of  stone-cells  only  when  seen  from  the  surface.  The  lateral  and 
inner  walls,  when  strongly  thickened,  are  for  the  most  part  pitted.  A  feature 
deserving  quite  special  notice  is  the  occurrence  of  distmct  bordered  pits  side 
by  side  with  simple  pits  on  the  lateral  wal}s  in  certain  species  of  CandoUea 
(Candolleaceae).  Pitting  of  the  entire  outer  waU^  is  rare  (Capparideae,  Cela- 
strineae,  Hippocrateaceae,  Sapindaceae) ;  peculiar  long,  branched  pit-canals 
have  b^n  ot^erved  in  the  outer  walls  in  the  genus  MarUmia  (Celastrineae). 
A  commoner  feature,  found  in  species  having  undulated  lateral  walls,  is  the 
occurrence  of  so-called  marginal  pits,  i.e.  pits  which  traverse  the  outer  walls, 
but  are  situated  in  the  bays  and  often  run  obliquely  towards  the  outside. 
Ugnified  thickening  bands  have  been  observed  on  the  laterad  walls  in 
NotouraUa  inundata^  Van  Tieghem  (Ochnaceae),  spiral  or  reticulate  thickening 
of  the  epidermal  cells  in  the  Order  Vacciniaceae,  and  reticulate  thickening  of  the 
outer  walls  in  certain  Ericaceae  and  Epacrideae.  The  exact  chemical  nature 
of  the  inner  and  lateral  walls  (regarding  gelatinization,  see  §  2,  p*  1074)  may 
likewise  be  taken  into  consideration  in  s)i[stematic-anatomical  investigaticxis. 

In  manv  species  the  protective  action  of  the  cuticle  is  augmented  by 
a  considerable  excretion  of  wax,  which  gives  those  particular  parts  of  the  plant 
(both  leaves  and  stems)  a  glaucous  or  hoary  appearance. 

Such  an  excretion  of  wax  is  found  in  certain  Magnoliaceae,  Menispermaceae, 


^  AmbroDii,  Poren  in  den  Anstenwanden  von  Epidenmsxelieo,  in  Piingiheim  Jahib.,  xir*  1S84. 
8a  et  seq.  mnd  Tab.  viiu  Regmiding  sensitive  pits  in  the  tendrils  of  Cocarbittoeae,  te.,  see 
iberlandt,  Physiolog.  Pflanzenanatomie,  1904,  p.  509  et  seq. ;  also  under  Cucarbitaoeae,  p.  93^    < 
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Papaveraceae,  Cnidferae,  Violarieae,  Bixineae,  Tamarisdneae,  Malvaceae,  Zygo- 
phylleae,  Aceraceae,  Mimoseae»  Rosaceae,  Crassulaceae,  Myrtaceae,  Passifloraceaet 
Cacteae,  Ficoideae,  Compositae,  Ericaceae,  Vacciniaceae,  Epacrideae,  Asclepiadeae, 
Gentianeaet  Solanaceae,  Nyctagineae,  lUecebraceae,  Chenopodiaceae,  Lanrineae, 
Proteaceae,  Thymelaeaceae,  Euphorbiaceae  and  Salidneae.  Concerning  the  varied 
nature  of  this  excretion,  see  under  the  Orders  cited,  and  De  Bary,  \ergL  Anat., 
p.  87  et  seq. 

A  valuable  specific  character  is  afforded  by  the  papillose  differentiation 
of  the  epidermal  cells  \  This  phenomenon  is  particiilarly  common  in  the  cells 
of  the  lower  epidermis,  but  rarer  in  those  of  the  upper  epidermis ;  it  is  occa- 
sionally found  on  both  sides  of  the  leaf  in  one  and  the  same  species.  The 
differentiation  of  papillae  generally  causes  the  surface  of  the  leaf  to  have  a  dull 
appearance.  In  some  cases  the  papillae  are  confined  to  the  cells  immediately 
siuTounding  the  stomata  or  to  uie  margin  of  the  leaf.  The  papillae  vary  in 
the  extent  of  their  development  and  in  their  differentiation.  One  finds  all 
stages,  from  the  formation  of  distinct  papillae  down  to  a  simple  convex  protru- 
sion of  the  outer  walls  on  the  one  hand,  and  culminating  in  simple  unicellular 
hairs  on  the  other.  Epidermal  cells,  in  which  the  outer  walls  are  strongly  arched 
outwards,  may  be  described  as  subpapiUose.  The  development  of  a  typical 
papilla  affects  either  the  entire  outer  wall  of  the  epidermal  cell  or  merdy  its 
central  portion.  The  length  and  shape  of  the  papillae  vary.  Their  walls  may  be 
either  thin  or  thick ;  the  short  (and  more  rarely  the  long)  papillae  occasionally 
develop  into  solid  pegs  owing  to  secondary  thickening  of  the  cell-wall  (in  certain 
Polygsdeae,  Rosaceae,  Ebenaceae  (Fig.  118,  p.  517),  Proteaceae,  Penaeaceae, 
Geissoloma^  &c.).  In  some  cases  also  the  papiUae  form  the  centres  for  a  radial 
striation  of  the  epidermal  ceDs.  Special  mention  may  be  made  of  the  relatively 
long  and  striated  papillae,  which  are  provided  with  a  small  cuticular  crown  and 
stand  in  connexion  with  one  another  by  means  of  cuticular  ridges,  placed  at 
right  angles  to  the  siurface  of  the  leaf  (e.g.  in  certain  Anonaceae,  Sapmdaceae, 
Papilionaceae,  Araliaceae,  Comaceae,  Ebenaceae,  Fig.  118,  p.  517,  Stjnraceae, 
Oleaceae). 

Papillose  or  subpai»llose  differentiation  of  the  epidermal  cells  has  been  observed 
in  certain  species  belonging  to  the  following  Orders  or  genera:  Ranunculaceae, 
Magnoliaceae,  Trochodendraceae,  Lactoiidaceae,  Anonaceae,  Menispermaceae, 
Berbeiideae,  Nymphaeaceae,  Papaveraceae,  Capparideae,  Violarieae,  Bixineae,  Pitto* 
sporeae,  Polygaleae,  Voch3rsiaceae,  CaryophyUeae,  Tamarisdneae,  Hypeiicineae, 
Guttiferae,  Temstroemiaceae,  lineae,  Malpighislceae,  Geraniaceae,  Kutaceae, 
Simarubaceae,  Ochnaceae,  Burseraceae,  MeHaceae,  Olacineae,  Celastrineae,  Rham- 
neae,  Ampelidaceae,  Sa^nndaceae,  Bretschneiderap  Hippocastanaceae,  Aceraceae, 
Staphyleaceae,  Anacardiaceae,  Connaraceae,  Papilionaceae,  Caesalpinieae,  Mimoseae, 
Rosaceae,  Crassulaceae,  Hamamelideae,  Bruniaceae,  Halorageae,  Combretaceae, 
M3rrtaceae  sens,  str.,  Lecythidaceae,  Melastomaceae,  L3rthrarieae,  Passifloraceae, 
Cucurbitaceae,  Begoniaceae,  Flcoideae,  Umbelliferae,  Araliaceae,  Comaceae,  Capri- 
foliaceae,  Rubiaceae,  Compositae,  Campanulaceae  (only  isolated  papillae),  Ericaceae, 
Epacrideae,  Diapensiaceae,  Ebenaceae  (Fig.  118),  Stj^aceae,  Oleaceae,  Apocynaceae, 
Loganiaceae,  Polemoniaceae  (only  isolated  papillae),  Borstgineae,  Convolvulaceae, 
Solanaceae,  Zombiana,  Gesneraceae,  Bignomaceae,  Acanthaceae,  Aristolochiaceae, 
Chloranthaceae,  Piperaceae,  Myristicaceae,  Laurineae,  Hemandiaceae,  Proteaceae, 
Thymelaeaceae,  Penaeaceae,  Geissolama,  Santalaceae,  Euphorbiaceae,  I>aphniph3rl« 
laceae,  Ulmaceae,  Moraceae,  Thdygoneae,  Myricaceae,  Cupuliferae.  For  certain 
epidermal  cells  of  the  leaf,  which  are  developed  like  bladders  or  hairs,  see  also 
{I  2  and  31. 

A  feature,  which  can  generally  likewise  be  employed  only  for  specific 
diagnosis,  is  afforded  by  the  occurrence  of   thin  horixontal  or  vertical 


I  Kohne,  Vorkommen  tod  Papilleii  a.  oberedt  Spaltoffti.,  Mitteil.  deutich.  dendrolog.  GeieUfch., 
1899,  PP*  47-^7  9  s^  <^*o  Kohne,  Fraxinus-Artea,  in  Regd,  Gartenflon,  1899,  pp.  384-8. 
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division-walls  in  the  efrfdermal  cells  in  certain  Cdastrineae,  Sapindaceae, 
Hippocastanaceae,  Papilionaceae,  Caesalpinieae,  Mimoseae,  Araliaceae,  Loga- 
niaceae  and  Moraceae  ;  see  also  §  3,  p.  1076. 

Of  special  contents  found  in  the  epidermal  cells  we  may  in  the  first  idace 
mention  the  presence  of  chlorophyll  \  which  occurs  chidSy  in  species  growing 
in  shady  or  damp  localities. 

The  species  in  <^estion  bdong  to  the  following  Orders :  Ranuncolaceae,  Gera- 
niaceae  (Impatiens^  Trapaeolum),  Uidneae,  Staphyleaceae  (Stafhylea)^  Dros^aceae, 
Onagrarieae  (Epilobium),  Diapensiaceae,  Solanaceae  (Datura  {  Brugmansia)^  Scro- 
phnlarineae,  Lentibnlarieae,  Fedalineae,  Selagineae,  Verbenaceae,  Lalnatae,  Phjrto- 
laccaceae,  Podostemaceae»  Euphorbiaceae  {Mercurialis),  Thelygoneae,  Cerate- 
phylleae. 

The  occurrence  of  anthocyanin  (widely  distributed  in  the  B^oniaceae  and 
Gesneraceae)  and  tannin  in  the  epidermis  also  requires  to  be  taken  into  account 
For  the  occurrence  of  oxalate  of  lime,  see  §  2 ;  for  sphaerocrystaUine  masses 
and  other  contents  composed  of  organic  substances,  see  §§  23  and  25 ;  for 
mucilace,  see  §  2  ;  for  other  kinds  of  secretions,  see  §  14 ;  and  for  cystolitltti 
see  §28. 

Regarding  incrustation  of  the  walls  of  the  epidermal  cells,  see  §§  26  and  27. 

§  2.  Differentiation  of  the  Simple  Epidermis  of  the  Leaf.  In  this 
section  we  shall  discuss  especially  the  differentiation  of  the  epidermis  of  the 
leaf  in  so  far  as  it  is  brought  about  by  the  occurrence  of  mucilagmous  epidermal 
cells,  of  cells  containing  oxalate  of  Ume,  and  of  large  epidermal  cells,  which 
either  serve  for  the  storage  of  water  or  are  filled  with  brown  contents  in  the  dry 
leaf.  R^;arding  epidermal  idioblasts,  which  contain  other  lands  of  secretion 
or  are  occupied  oy  cystoliths,  see  §§  14  and  28  respectively. 

I.  The  gelatinization  of  the  epidermis  of  the  leaf  ^  which  serves  for  the 
storage  of  water,  but  occasionally  occurs  also  in  species  from  damp  habitats, 
is  a  good  specific  character.  Gelatinization  usually  affects  only  the  inner  walls 
of  the  epidermal  cells,  rarely  the  outer  walls  as  well,  and  as  a  general  rule  is  found 
more  commonly  on  the  upper  than  on  the  lower  side  of  the  leaf.  Gelatinized 
epidermal  cells  are  often  distinguished  by  their  large  size ;  in  such  cases  the 
mucilaginous  portions  of  the  inner  walls,  which  are  separated  from  the  lumina  of 
the  ceUs  by  a  cellulose-lamella  and  occasionally  include  further  internal  cellulose- 
lamellae,  commonly  penetrate  into  the  mesophyll  in  a  hemispherical  or  conical 
form,  sometimes  giving  rise  to  transparent  dots  in  the  leaf.  As  a  rule  (mly 
isolated  cells  of  the  epidermis  are  mucilaginous,  but  occasionally  there  are  groups 
of  gelatinized  cells  of  varying  size  or  the  entire  epidermis  is  affected.  In  the  cases 
last  mentioned  a  regular  layer  of  mucilage  is  produced  below  the  upper 
epidermis,  in  the  formation  of  which  the  adjacent  walls  of  the  subepidermal 
layer  of  cells  may  also  play  a  part  (in  certain  Menispermaceae,  Rutaceae, 
Fig.  40,  p.  17s,  Loganiaceae,  uentianeae  and  Euphorbiaceae ;  in  the  Gentianeae 
also  beneath  the  epidermis  of  the  stem). 

Cells  with  gelatinized  inner  membranes  have  been  observed  in  the  integn- 
mental  tissue  (epidermis  and  h3rpoderm)  in  species  of  the  following  Orders  or  genera, 
as  the  case  may  be :  Magnoliaceae,  Anonaceae,  Crudferae,  Resedaceae,  Ci^ineae, 

^  Stohr,  in  Sitz.-Ber.  Wiener  Akad.,  Ixxix,  Abt.  i,  1879;  and  De  Baiy,  Vergl.  Anat.,  1877, 
p.  7a 

*  Radlkofer,  Monogr.  Sityatna,  1875,  p.  100;  Walliciek,  Membranadileime,  in  Piingshelin 
Jahrb.,  zzv,  189^  p.  209 ;  Kjnch,  Epid.  mndl.,  Ann.  R.  Ist  bot.  di  Roma,  Ti,  1896,  86  pp.  and 
2  Tab. 

It  ma^  be  weU  at  this  point  to  warn  the  reader  against  the  confbaion  between  gelatlniied 
portion!  of  the  waUt  of  the  epidermis  and  the  celb  of  a  hypoderm,— an  error  which  occors  over  and 
over  again  in  the  literature. 
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Violarieae,  Bixineae,  Tremandreae,  Vochysiaceae,  Elatineae,  Temstroemiaceae, 
Dipterocarpeae,  Monotss,  Chlaenaceae,  Malvaceae,  Sterculiaceae,  Tiliaceae,  Lineae, 
Malpiehiaceae,  Rutaceae,  Simarubaceae,  Ochnaceae,  Luxemburgiaceae,  Bursera- 
ceae,  Meliaceaet  Chailletiaceae,  Oladneae,  Ilidneae,  Cyrilleae,  Celastzineae,  Penta- 
phylacaceae,  Rhamneae,  Sapindaceae,  Aceraceae,  Staphyleaceae,  Moringeae,  Con- 
naraceae,  Pa^onaceae,  Caesalpimeae,  Mimoseae,  Rosaceae,  Saxifragaceae,  Hama- 
melideae,  Rhizophoraceae,  Melastomaceae,  Lythiarieae,  Onagrarieae,  Samydacc^ae 
(only  in  G&rrardtna)^  Tnmeraceae,  Passifloraceae,  Comaceae,  Ericaceae,  Myrsineae, 
Sapotaceae,  Gentianeae,  Phytolaccaceae,  Polygonaceae,  Thymelaeaceae  (Fig.  174, 

717),  Gofwstylus,  Geissoloma^  Euphorbiaceae,  Ulmaceae,  Moraceae,  Cnpuliferae, 

Idneae,  Empetraceae. 
Epidermal  cells,  in  which  the  inner  walls  are  swollen  (e.g.  in  certain  Samydaceae), 
must  not  be  confused  with  gelatinized  epidermal  cells,  even  though  in  some  respects 
they  constitute  a  transition  to  the  latter. 

II.  Epidermal  cells  containing  oxalate  of  lime  are  rarely  the  cause  of  a 
differentiation  of  the  epidermis  of  the  leaf,  this  being  the  case  only  when  the 
crystal-cells  are  distinguished  from  the  remaining  epidermal  cells  by  their 
larger  or  smaller  size  and  by  their  shape.  The  small  crystal-idioblasts  mostly 
appear  round,  when  seen  from  the  surface,  and  contain  either  a  clustered  or 
a  solitary  crystal ;  they  are  rarely  isolated,  being  more  commonly  paired  or 
united  to  form  small  groups ;  in  the  Papilionaceous  genus  StylosafUhes  they 
have  a  polygonal  outline  and  enclose  a  single  rod-shaped  or  geniculate  solitary 
crystal,  the  entire  superficial  layer  of  the  integumental  tissue  on  the  lower  side 
of  the  leaf  (except  for  the  stomata  and  their  subsidiary  cells)  in  this  case  being 
composed  of  such  crystal-cells  (Fig.  58,  B,  p.  265). 

The  large  crystal-idioblasts,  which  in  the  '  Schlussbemerkungen '  of  the 
original  German  edition  of  this  book  (p.  908)  were  mentioned  as  occurring  in 
certain  Rutaceae  and  Euphorbiaceae,  and  are  perhaps  found  in  the  same 
position  also  in  other  Orders,  urgently  require  an  investigation  of  their  mode 
of  development,  in  order  to  determine  whether  they  really,  or  only  apparently, 
belong  to  the  epidermis. 

The  well-known  crystal-ceUs  of  Citrus,  which  are  wedged  in  between  the 
epidermal  cells  on  the  two  surfaces  of  the  leaf,  are  subepidermal  cells,  which  have 
penetrated  into  the  epidermis  by  a  process  of  ^ding  growth.  This  is  likewise  true 
of  (a)  the  large  cells  with  clustered  cr3rstals,  found  in  Dalechampia  Roezliana^  and 
probably  also  the  cells  with  clustered  crystals  in  other  Acalypheae ;  (h)  the  cells 
with  clustered  oystals,  which  occur  in  Caperonia  and  Argytothamnia^  the  cells  in 
this  case  already  projecting  somewhat  after  the  manner  of  a  hair ;  (c)  the  cells 
containing  sphaentes,  which  are  found  in  Acalypha  and  Claoxylon^  the  cells  in 
question  likewise  projecting  beyond  the  surface ;  and  (d)  the  hairs  with  clustered 
cryststls,  recorded  m  Pragariopsis  and  Plukeneiia  (cf.  pp.  1049,  105 1,  and  f  31)  ^ 

In  the  following  synopsis  all  the  forms,  in  which  oxalate  of  lime  occurs 
in  the  epidermis  of  ttie  leaf,  are  taken  into  consideration,  whether  the  cells 
containing  the  crystals  appear  as  idioblasts  or  not.  The  Orders,  in  which 
relatively  small  crystal-idioblasts  have  been  observed,  are  provided  with  a  * 
preceding  the  name  of  the  Order ;  cr.  indicates  ordinary  soUtary  crystals ; 
clust.  cr.  =  clustered  crystals ;  s  s  cn^tal-sand ;  R  =  raphides ;  a  =  adcular 
crystals ;  p  =  small  prismatic  or  rod-shaped  crystals. 

Oxalate  of  lime  has  been  observed  in  the  epidermis  in  the  following  Orders : 
Magnoliaceae  ?  (cr.),  Anonaceae  (cr.,  clust.  cr.).  Fig.  6,  A  (p.  36),  *Menispermaceae 
(A,  p,  cr.),  Capparideae  (p),  ^Canellaceae  (cr.,  clust.  cr.),  *lBixineae  (cr.,  clust.  cr.), 
Gnt^erae  (clust.  cr.,  p).  Fig.  27,  C  (p.  122),  *Temstroemiaceae  (cr.,  clust.  cr.),  Tilia- 
ceae  (dust,  cr.),  lineae  (cr.),  Rutaceae  (cr.),  Simarubaceae  (p),  Oladneae  (cr.,  clust. 

^  Guttenberg,  Kiystallzellen  im  BUtt  von  Ciirus,  Sitz..Ber.  Wiener  Akad.,  cxi«  Abt.  i,  looa, 
18  pp.,  I  Tab. ;  ICnoll,  Brennhaare  der  EnphorbUceen-Gattongen  DaUchampia  nnd  Tragia^  SiXz,- 
Bcr.  Wiener  Akad.,-cxiv,  Abt.  i,  1905,  ao  pp.,  a  Tab. 
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cr.),  ♦Cclastrineae  (cr.,  clust  cr.),  •Hippocratcaccae  (cr.,  clust  cr.),  •Rhamncae  (cr.)» 
Sapindaceae  (cr.,  clust.  cr.»  s),  Didiereae  (dust,  cr.),  Aceraceae  (cr.),  *Papilioiiaceae 
(cr.).  Fig.  58,  B  (p.  265),  *Caesalpuiieae  (cr.,  dust  cr.),  Mimoseae  (cr.),  Rhizophora- 
ceae  (cr.,  dust,  cr.),  Lecythidaceae,  Melastomaceae  (dust,  cr.),  L3rthrarieae  (cr.), 
*Samydaceae  (cr.,  clust.  cr.),  Araliaceae  (cr.,  dust  cr.,  p),  Comaceae  (dust,  cr.), 
Rubiaceae  (r),  Compositae  (a),  Epacrideae  (cr.),  Myr^eae  (dust,  cr.,  a,  p), 
Sapotaceae  (cr.,  dust,  cr.),  Styraceae  (cr.,  dust,  cr.),  Oleaceae  (a,  p),  Apoc3aiaceae 
(cr.),  Polemooiaceae  (a),  Solanac6ae  (s),  Pedalineae,  Acanthaceae  (a),  Myoporineae 
(dust,  cr..  A),  Selagineae  (p),  *Piperaceae  (Sytnbryon^  dust,  cr.),  Chloranthaceae 
(small  cr.),  Laurineae  (small  cr.),  Hemandiaceae  (a,  p),  Proteaceae  (cr.),  Elaeagna- 
ceae  (a),  Santalaceae  (cr.),  *£uphorbiaceae  (cr.,  clust  cr.),  *Daplmiphyllaceae 
(dust  cr.),  *Moraceae  (cr.,  dust  cr.,  small  cr.). 

In  certain  Capparideae  small  crystals  of  gypsum  are  found  in  the  epidermis 
of  the  leaf ;  these  crystals  can  readily  be  distinguished  from  those  of  oxalate  of 
lime  by  their  chemical  reactions  (cf.  §  25). 

The  mode  of  excretion  of  oxalate  of  lime  in  the  epidermis  is  of  varying 
systematic  value.  Spedal  crystal-idioblasts  are  characteristic  of  ^>ecies  or 
genera.  Among  the  Anonaceae  oxalate  of  lime  (either  in  the  form  of  isolated 
or  clustered  crystals)  is  found  in  the  epidermis  in  most  of  the  spedes  and  there- 
fore furnishes  a  useful  character  for  the  recognition  of  the  Order.  The  excre- 
tion of  oxalate  of  lime  in  the  form  of  adcukr  crystals  or  of  small  prismatic 
or  variously  shaped  crystals  is,  as  experience  has  shown,  of  trifling  systematic 
value. 

III.  In  the  third  case  a  differentiation  of  the  epidermis  is  brought  about 
by  the  presence  of  epidermal  cells  with  wide  lumina  among  c^  of  the 
ordinary  size ;  the  kurge  cells  either  store  up  water  solely  or  are  filled  with 
special  contents,  which  for  the  most  part  have  a  brown  colour  in  the  dry  leaf. 
Such  large  epidermal  cells,  serving  the  purpose  of  water-storage,  conmionly 
form  rows  or  are  even  arranged  in  a  reticulate  manner  (Crudferae,  Fig.  14,  p.  59); 
in  certain  Orders  they  are  differentiated  like  bladders  or  hairs  and  occasionaUy 
give  the  living  plant  the  appearance  of  being  covered  with  drops  of  dew. 

Epidermal  cells,  which  have  large  lumina  and  store  up  water,  but  are  not 
vesicuLEu-,  are  found  among  cells  of  the  normal  size  in  certain  Crudferae,  Resedaceae, 
Elatineae  and  Malpifi;hiaceae ;  vesicular  epidermal  cells  (see  also  f  31)  occur  in 
certain  Resedaceae,  Caryophylleae,  Portulaceae,  Crassulaceae  (Fig.  70,  p.  321)  and 
Ficoideae  (Fig.  94,  p.  410) ;  tubular  epidermal  cells,  filled  with  brown  contents 
(see  also  §  14),  are  present  in  certain  Violarieae,  Geraniaceae,  Saxifragaceae,  Crassu- 
laceae and  Euphorbiaceae ;  dongated  epidermal  cells,  described  as  mucilage-cells 
(see  §  14),  are  found  in  Tropaeolum  (Geraniaceae). 

The  following  anatomical  features  remain  to  be  mentioned  at  this  point : 
the  spedal  epidermal  cdls,  found  inAnamirta  and  ^fcatig^fSfa(Menispermaceae, 
Fig.  7,  B,  p.  41)  and  in  Gonocaryum  (Olacineae,  Fig.  48,  p.  204),  these  cells 
functioning  as  hydathodes ;  the  epidermis  of  the  leaf  of  Phyllachne  (Can- 
dolleaceae),  the  median  and  marginal  portions  of  which  are  composed  of 
prosench)m[iatous  cells ;  and  the  peculiar  ^oups  of  cells  in  the  lower  epidermis 
of  spedes  of  Limnanthemum  and  ViUarsta  (Gentianeae). 

§  3.  Hypoderm  \  The  water-storing  epidermis  is  very  frequently 
(especially  on  the  upper  side  of  the  leaf)  supplemented  by  a  hypoderm,  which 
likewise  serves  for  the  storage  of  water.  A  h3^poderm  may  originate  in  two 
ways,  viz.  in  some  cases  from  the  dermatogen,  in  other  cases  from  the  ground 
tissue.  Our  discussion  should  really  be  confined  here  to  the  h3rpN3denn 
which  is  devdoped  from  the  integumental  tissue  ;  such  a  hypoderm,  togetiier 
with  the  epidermis,  is  styled  a '  many-layered  epidermis '  by  Pntzer,  who  reserves 
the  term  '  hypoderm '  for  the  aqueous  tissue  arising  from  the   mesophyll. 


^  See  Pfitzer,  Hantgewebe,  in  Prlngghetm  Jahrb.,  viU,  187a,  p.  16  and  Tab.  tI. 
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Since,  however,  the  source  of  the  hypoderm  is  usually  not  recognizable  in  the 
fully  developed  leaf  (as  is  shown,  for  example,  by  the  close  agreement  between 
the  hypoderm  of  Ilex  AquifoUum,  which  is  formed  from  the  mesophyll, 
and  that  of  Ficus  dastica^  which  is  developed  from  the  epidermis),  both 
kinds  of  hypoderm  will  be  considered  together  here.  The  derivation  of  the 
hypoderm  from  the  epidermis  cannot  be  certainly  established  without  a  develop- 
mental investigation,  except  in  those  cases  in  which  the  lateral  walls  of  the 
epidermal  and  h3^podermal  cells  correspond  with  one  another  even  in  the  mature 
leaf  (e.g.  in  certam  Connaraceae  and  Piperaceae,  which  have  a  typical  two-  or 
many-layered  epidermis). 

The  extent  of  development  of  the  hypoderm  varies.  In  the  simplest 
case  there  is  merely  a  tendency  towards  the  formation  of  a  hypoderm,  as 
shown  by  the  appearance  of  division-walls,  parallel  to  the  surface  of  the  leaf, 
in  a  varying  number  of  the  epidermal  cells.  When  a  parench}nnatous  hypo- 
derm of  one  or  more  layers  is  developed,  its  ceUs  often  contrast  with  the  epi- 
dermal cells  by  their  considerable  size.  Hypodermal  cells  of  the  parenchyma- 
tous type  have  a  polygonal  or  undulated  outline  in  surface- view  and  wdUs  of 
varying  thickness  ;  in  tiiose  cases  in  which  the  latter  are  delicate,  a  loss  of  water 
results  in  a  bellows-like  folding  of  the  lateral  walls  ;  in  other  cases  the  hypo- 
dermal  cells  are  prismatic,  the  edges,  which  are  placed  at  right  angles  to  the 
surface  of  the  leaf,  being  relatively  strongly  thickened.  AU  these  differences 
in  the  character  of  the  hypodermal  cells  may  be  employed  for  systematic 
purposes  (cf .  the  Introduction).  The  same  applies  to  the  development  of  the 
hypoderm  on  both  sides  or  only  on  the  upper  or  lower  side  of  the  leaf.  Features 
deserving  special  mention  are  :  the  differentiation  of  a  coUenchymatous  hypo- 
derm in  the  axis  of  certain  Cacteae  (Fig.  90,  p.  407) ;  the  presence  of  a  hypoderm, 
developed  like  spongy  tissue,  in  the  leaf  of  Oedematopus  obovatus^  Tr.  et  PI. 
(Guttiferae,  Fig.  27,  5,  p.  122) ;  and  the  occurrence  of  a  sclerotic  hypoderm, 
composed  of  fibrous  or  rod-shaped  cells  and  occasionally  connected  with  the 
sclerenchsnna  of  the  veins,  in  the  leaves  of  certain  species  of  Berberis  and 
Mahonia  (Berberideae),  Ochrocarpus  (Guttiferae),  Elvasioideae,  Van  Tiegh. 
(Ochnaceae,  the  fibrous  cells  in  this  case  being  arranged  transversely).  Euphoria 
and  Litchi  (Sapindaceae),  Connarus  (Connaraceae),  Cephalostigma,  Lighifootia^ 
Merciera^  Microdon^  Prismatocarpus^  RoeUa  and  Wahlenbergia  (Campanulaceae), 
Theophrasteae  (here  in  almost  all  the  species)  and  WeigeUia  (Mjn^ineae), 
Persea  (Laurineae),  Dryandra  (Proteaceae),  and  Artocarpus  (Moraceae). 

The  appearance  of  horizontal  walls  in  the  epidermal  cells,  which  leads  to  the 
differentiation  of  a  two-  or  many-layered  epidermis  in  the  Orders  marked  with  a  ♦, 
has  been  observed  in  certain  *Anonaceae,  Menispermaceae,  Bixineae,  *Pittosporeae, 
Vochysiaceae,  Malvaceae,  Rhaptopetalaceae,  Kutaceae,  Ilidneae,  *Celastrineae, 
*Rhamneae,  Sapindaceae,  Anacanuaceae  ?,  ^Connaraceae,  Saxifragaceae,  *Cra8su- 
laceae,  Rhizophoraceae,  Melastomaceae,  Lythrarieae,  Cacteae  (axis),  Araliaceae, 
Comaceae,  Rubiaceae,  Ericaceae,  Epacrideae,  Myisineae,  Sapotaceae,  Salvadoraceae, 
Apocynaceae,  Convolvulaceae,  Bignoniaceae,  Selagineae,  *Piperaceae,  Monimiaceae, 
Hemandiaceae,  Moraceae,  *Santalaceae. 

Hypoderm  is  found  in  certain  species  of  the  following  Orders  or  genera :  Dille- 
niaceae,  Magnoliaceae,  Anonaceae,  Menispermaceae,  Berberideae,  Capparideae, 
Violarieae,  Canellaceae,  Bixineae,  Pittosporeae,  Polygaleae,  Vochysiaceae,  Caryo- 
phylleae  (observed  only  on  the  lower  side),  Portulaceae  (Lenxia^  only  on  the  lower 
side),  Hypericineae,  Guttiferae,  Temstroemiaceae,  Strasburgeria,  Ancistrocladus,  Lo- 
phita^  MonoteSf  Chlaenaceae,  Malvaceae,  Sterculiaceae,  Tiliaceae,  Lineae,  Maljpighia- 
ceae,  Geraniaceae,  Kutaceae,  Simambaceae,  Ochnaceae,  Burseraceae,  Meuaceae, 
ChaUletiaceae,  Oladneae,  Ilidneae,  Celastrineae,  Hippocrateaceae,  Corynocarpaceae, 
Rhamneae,  Sapindaceae,  Didiereae,  Anacardiaceae,  Connaraceae,  Papilionaceae, 
Caesalpinieae,  Rosaceae,  Saxifragaceae,  Hamamdideae,  Rhizophoraceae,  Comfore- 
taceae,  Myrtaceae  sens,  str.,  Lecythidaceae,  Mdastomaceae,  Lythrarieae,  Samyda- 
ceae,    Passifioraceae,    Cucurbitaceae,    Begoniaceae,    Datisceae,    Cacteae    (axis !), 
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Umbelliferae,  Araliaceae,  Comaceae,  Rubiaceae,  Dipsaceae,  Compositae,  Campanu- 
laceae,  Vacdniaceae,  Ericaceae,  Epacrideae,  Myrsiiieae,  Sapo^tceae,  Ebenaceae, 
Styraceae,  Oleaceae,  Salvadoraceae,  Apocynaceae,  Asdenadeae,  Loganiaceae, 
Sax>phalariiieae,  Columelliaceae,  Gesneraceae,  Bignoniaceae,  Acantfaaceae,  Verb^ia- 
ceae,  Labiatae,  Nyctagineae,  Amarantaceae,  Fhytolaccaceae,  Pc^ygonaceae,  Nei)en- 
tfaaceae,  Aristolochiaceae,  Fiperaceae  (Fig.  168,  p.  689)»  Chloranthaceae,  Myristica- 
ceae,  Monimiaceae,  Lanrineae,  Hemandiaceae,  Gomort^;aceae,  Proteaceae, 
Elaeagnaceae,  Loranthaceae,  Santalaceae,  Euphorbiaceae,  Balanop8eae»  Ulmaceae, 
Moraceae,  Urticeae,  Leitnerieae,  Mjrricaceae,  Cupuliferaey  SaHcineae. 

§  4.  Stomata  \  Among  the  manifold  stnictm^  difierences,  which  accom- 
pany the  appearance  of  stomata,  the  mode  of  attachment  of  the  epidennal  cells 
surromiding  the  stomata  to  the  pairs  of  guard-cells  has  proved  to  be  of  the 
greatest  systematic  importance.  This  feature  is  intimately  connected  with  the 
course  of  development  of  the  stomata  from  the  cells  of  the  dermatogen. 
As  regards  the  mode  of  development  we  may,  in  agreement  with  Prantl, 
especia^  distinguish  the  following  cases : 

I.  llie  mother-cell  of  the  pair  of  guard-cells  is  formed  by  the  first  division- 
wall*. 

(a)  The  stomatal  apparatus  is  completed,  as  soon  as  the  pair  of  guard- 
cells  is  differentiated  (Ranunculaceous  t3rpe). 
(6)  In  other  cases  accessory  subsidiary  cells  are  formed  by  secondary 
divisions  in  the  surrounding  cells. 

(a)  These  divisions  are  confined  to  two  neighbouring  ceUs,  situated 
at  the  sides  of  the  mother-cell  of  the  guard-cells  (liaise  Rnbia- 
ceous  t3rpe;  in  many  Monocotyledons,  certain  Portulaceae 
and  Proteaceae),  or 
ifi)  they  take  place  in  four  or  more  of  the  neighbouring  cells  (in 
Coniferae,  Cycadeae,  Monocotyledons,  but  also  in  ricus). 

II.  The  formation  of  the  mother-cell  of  the  guard-cells  is  preceded  by  the 
development  of  cells,  subsidiary  to  the  pair  of  guard-cells.  The  number  of 
preparatory  divisions  varies. 

(a)  The  preparatory  divisions  take  place  in  two  directions. 

(a)  The  division-wall  in  the  mother-cell  of  the  guard-cells  runs 

{parallel  to  the  walls,  formed  during  the  preparatory  divisions, 
n  this  case  the  pairs  of  guard-cells  are  accompanied  on 
either  side  (i.e.  to  the  right  and  left)  by  one  or  more  subsidiary 
cells,  which  are  placed  parallel  to  the  pore  (Rabiaceous  tsrpe); 
the  subsidiary  cells  in  stomata  of  this  type  are  either  merely 
arranged  parallel  to  the  guard-cells  (and  also  to  one  another, 
when  more  than  two  subsidiary  celk  are  present),  or  partly 
surround  one  another ;  if,  in  the  latter  case,  there  are  several 
subsidiary  cells,  a  right-hand  or  left-hand  subsidiary  cell, 
as  seen  in  surface-view,  is  alternately  in  part  enveloped  by 
one  situated  to  the  left  or  to  the  right  respectively 


'  Strastmrger,  in  Pringsheim  Jahrb.,  v,  1866-7,  P*  ^97  <^  '^^^'  xzxv-xlii;  Prantl,  in  Flora, 
187a,  p.  305  and  Tab.  vi ;  De  Bary,  Ver^  Anat,  1877,  p.  ±2\  Immich,  in  Flora,  1887,  p.  435; 
Vesqne,  in  Ball.  Soc.  bot  de  France,  1889,  p.  Ixiii;  Boiecke,  in  Bot  2^it,  189a,  p.  521  and 
Tab.  yiii ;  [Tognini,  in  Atti  Ist  bot.  Pavia,  ser.  u,  toI.  iv,  1894, 4a  pp.,  3  Tab. ;  abstr.  in  Jost,  1894, 
p.  466,  and  Bot.  Centralbl.,  Beih.,  1894,  p.  423] ;  Westennaier,  in  Festschrift  fur  Schwendener,  1899, 
p.  63 ;  Ponch,  Der  Spaltoflfnnneupparat  Im  lichte  der  Phylogenie,  Jena,  1905. 

The  term  <  stomata  *  is  nsed  in  this  book  to  mean  the  same  as  *  pair  of  gnard-ceUs.'  When  the 
epidermal  cells  snrroonding  the  stomau  are  distinguished  from  the  remaining  cells  of  the  epidennis 
by  having  a  special  shape  or  bv  their  arrangement  they  are  spoken  of  as  snbsidiary  cells,  bat  in  all 
other  cases  as  neighbouring  cells. 

*  In  the  foUowing  synopsis  I  have  not  included  the  case,  in  which  the  mother-cell  of  the  pair  of 

Siard-cdls  arises  directly  from  a  cell  of  the  dermatogen  (regarding  this  point,  tee  Tognini,  loc  cit.) ; 
is  has  been  recorded  by  Briosi  and  Tognini,  but  occurs  very  raruy. 
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03)  The  division-wall  in  the  mother-cell  of  the  guard-cells  is  placed 
at  ri^ht  angles  to  the  walls,  formed  dming  the  preparatory 
divisions.    The  guard-cells  are  then  accompanied  by  two  or 
more  subsidiary  cells»  which  are  arranged  transversely  with 
reference  to  the  pore  (Caryophylleous  t5rpe).    The  mode  of 
attachment  of  the  subsidiary  cells  varies  in  the  same  way 
as  in  a. 
(6)  The  preparatory  divisions  take  place  in  three  directions.    This 
results  in  a  stomatal  apparatus,  in  which  the  guard-cells  are 
surrounded  by  one  or  more  rings,  each  consisting  of  three  sub- 
sidiary cells  (Cruciferous  t3rpe). 
The  tjrpes  just  mentioned  are  occasionally  characteristic  of  certain  Orders, 
as  indicated  already  by  the  names  given  to  them  by  Vesque,  while  in  other  cases 
they  are  constant  only  for  a  genus  or  a  ^oup  of  species,  or  merely  for  a  single 
species.    Species  are,  moreover,  known,  m  wnich  two  different  types  of  stomata 
occur  side  by  side  on  one  and  the  same  surface-section  (see  Selagineae,  Verbe- 
naceae,  Labiatae,  &c.).    The  combination  of  two  t3rpes  in  the  same  stomatal 
apparatus  is  very  rare  {SUviatUhus^  Caprifoliaceae).    Lastly,  in  employing 
these  types  for  sjrstematic  purposes,  it  is  important  to  bear  in  mind  that, 
according  to  Tognini's  investigations,  the  development  of  the  stomata  on  the 
various  organs  (e.g.  foliage-leaf,  cotyledon,  petal,  stem)  of  the  same  plant- 
species  may  either  be  identical  or  may  vary. 

The  utilization  of  the  different  t3rpe8  of  stomata  for  systematic  pur- 
poses is  involved  in  great  difficulties  in  practice,  since  these  types  can  be 
determined  with  certainty  only  by  a  study  of  the  course  of  development  of  the 
stomata,  and  are  very  commonly  altogether  unrecognizable  in  the  mature  leaf.  In 
a  fuUy  grown  leaf  the  true  Rubiaceous  type  is  often  indistinraishable  from  the  false 
one,  and  similarly  the  Ranunculaceous  type  can  frequently  not  be  distinguished 
from  the  Cruciferous  type ;  a  stomatal  apparatus  of  the  Kanunculaceous  type, 
in  which  the  edges  of  the  U-shaped  division-wall  touch  the  common  waU  of 
contact  between  two  epidermal  cells,  looks  like  a  stomatal  apparatus  of  the 
Caryophylleous  type  (false  Caryophylleous  t3rpe) ;  a  stomatal  apparatus  of  the 
Caryophylleous  t]^  in  which  the  breadth  of  the  pair  of  guard-ceUs  is  equivalent 
to  that  of  the  mother-ceU  of  the  whole  stomatal  apparatus,  or  in  which  the 
guard-cells  have  come  to  he  next  to  one  of  the  longitudinal  walls  of  the  mother- 
cell,  shows  more  than  two  cells  in  the  immediate  neighbourhood  of  the  pair  of 
Surd-cells,  and  so  on.  In  the  following  review  it  is  therefore  not  possible  to 
tinguish  more  than  the  following  t3rpes :  (i)  Stomata  without  subsidiary 
cells,  and  having  three  or  more  neighbouring  cells,  arranged  as  in  the  Ouciferous 
or  Ranunculaceous  types  ;  (2)  Stomata  wi&i  subsidiary  cells,  whidi  are  placed 
parallel  to  the  pore  (true  and  false  Rubiaceous  types) ;  (3)  Stomata  wim  sub- 
sidiary cells  lying  transversely  to  the  pore(true  and  false  Caryophylleous  t3mes); 
(4)  Stomata  m  which  the  Cruciferous  type  is  prominent  in  the  mature  leai. 

The  discrimination  of  the  types  of  stomata  themselves  is  a  task,  which  is 
far  from  being  completed  ;  its  solution,  even  though  of  no  practical  importance 
in  the  determination  of  plants,  will  nevertheless  he  of  great  value  in  connexion 
with  the  natural  system  of  classification. 

I.  Stomata  having  no  subsidiary  cells  and  conforming  to  the  Cruciferous  or 
Ranunculaceous  types ^  are  found  in:  Ranunculaceae,  rdlleniaceae  pro  parte, 
Trochodendraceae,  Menispermaceae  pro  parte,  Berberideae  (subsidiary  ceUs  arranged 
in  the  form  of  a  rosette  in  Berbertdopsis),  Nymphaeaceae,  Sarraceniaceae,  Papa- 
veraceae,  Fumariaceae,  Crudferae  pro  parte,  Capparideae,  Resedaceae,  Cistineae, 


^  Under  1 1  have  also  taken  into  consideration  the  few  cases,  in  which  more  than  three  subsidiary 
cells  are  known  to  occur  in  contact  with  the  pair  of  guard-cells. 
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Violarieae  pro  parte,  Bixineae  pro  parte,  Tremandreae,  Polygaleae  pro  parte, 
Vochysiaceae  pro  parte,  Frankeniaceae,  Caryophylleae  pro  parte,  Portnlaceae 
pro  parte,  Tamarisdneae  pro  parte,  Elatineae,  Hypericmeae  pro  parte,  Tem- 
stroemiaceae  pro  parte  (sometimes  with  subsidiary  cells),  Strasburgeria^  Diptero- 
carpeae  (in  most  cases),  Ancistrocladus,  Lophira,  Manotes,  Chlaenaceae,  Malvaceae, 
Triplochitonaceae,  Stenniliaceae,  Tiliaceae,  Humiriaceae  pro  parte,  Zygophylleae, 
Geraniaceae  pro  parte,  Rutaceae  (in  most  cases,  also  sopsid.  cells  in  a  rosette), 
Simarubaceae  (in  most  cases),  Burseraceae,  Meliaceae,  Olacineae  pro  parte, 
Octocnemaceae,  Didneae,  Cyrilleae,  Celastrineae  pro  parte  (also  subsia.  cells  in  a 
rosette),  Hippocrateaceae,  Stackhousieae,  Rhamneae  pro  parte,  Ampelidaceae,  S^nn- 
daceae  (in  most  cases),  Hippocastanaceae,  Aceraceae,  McSianthaceae,  Staphyleaoeae, 
Sabiaceae,  Anacardiaceae,  Moiingeae,  Connaraceae  pro  parte,  Papilionaceae  pro  parte 
(also  subsid.  cells  in  a  rosette),  Caesalranieae  pro  parte,  Rosaceae  pro  parte,  Crosso- 
somataceae,  Saxifra^aceae  pro  parte,  Crassolsuceae  (rare),  Droseraceae  (excL  Byblis)^ 
MyrothamnuSf  Bmmaceae,  Halorageae,  Rhizophoraceae,  Combretaceae,  Myrtaceae 
sens,  str.,  Lecythidaceae  pro  parte,  Melastomaceae  pro  parte,  Lythraiieae  pro  parte 
(also  subsid.  cells  in  a  rosette),  Onagrarieae,  Samydaceae  pro  parte,  Lo^^eae, 
Tumeraceae  pro  parte,  PassincMraceae,  Papayaceae,  Cucurbitaceae,  Datisceae, 
Ficoideae  pro  parte,  UmbeUiferae  pro  parte,  Araliaceae  pro  parte,  Comaceae,  Cax>n- 
foliaceae  (exd.  Silvianihus)^  Valenaneae,  Dipsaceae  pro  parte,  Calycereae,  Compo- 
sitae,  CandoUeaceae  pro  parte,  Goodeniaceae  pro  parte,  Campanulac^ae  incL 
Lobeliaceae  (excl.  Pentafhragma\  Ericaceae  (in  most  cases),  Epacndeae,  Diapensia- 
ceae,  Lennoaceae,  Plumoagineae  pro  parte,  Primulaceae,  Myrsmeae,  Sapotaceae  pro 
parte,  Ebenaceae,  Styraceae  pro  parte,  Oleaceae  (in  most  cases),  Salvaaoraceae  pro 
parte,  Asdepiadeae  pro  parte,  Loganiaceae  pro  parte,  Desfantainea^  Plocosperma, 
Gentianeae,  Polemoniaceae,  Hydrophyllaceae,  Boragineae  pro  parte,  Convolvu- 
laceae  pro  parte,  Solanaceae  pro  parte,  Lonchostoma^  Scrophularineae,  Orobancha- 
ceae,  Lentibularieae  pro  parte,  ColumeUiaceae,  Gesneraceae  pro  parte,  Bignoniaceae 
pro  parte,  PedaUneae  pro  parte,  Myoporineae  pro  parte,  Zombiana^  Selagineae 
(on  the  same  surface-section  sometimes  abo  subsid.  cells,  placed  rarallel  or  trans- 
versdy  to  the  pore),  Verbenaceae  pro  parte,  Labiatae  pro  parte,  Plantagineae  pro 
parte,  Nyctagineae  pro  parte,  lUecebnu^eae  pro  parte,  Amsurantaceae,  Chenopodia- 
ceae  pro  parte,  Ph^rtolaccaceae  pro  parte,  Polygonaceae  pro  parte,  Nepentbaceae, 
Aristolochiaceae,  Piperaceae  pro  parte,  Chloranthaceae  pro  parte  (sometimes  wi^ 
subsid.  cells  arranged  in  a  rosette,  or  with  one  or  other  sul^diary  cell  paralld  to 
the  pore),  Monimiaceae  pro  parte,  Hemandiaceae  pro  parte,  Th3rmelaeaceae  (papillose 
subsid.  cells,  arranged  like  a  rosette,  in  certain  spedes  of  Daphne),  Penaeaceae, 
Elaeagnaceae,  Santalaceae  (sometimes  side  by  side  with  stomata  with  parallel  snl»id. 
cells),  Mysodendron,  Grubbia,  Euphorbiaceae  pro  parte,  Buxaceae  (aJso  subside  o^ 
arranged  in  a  rosette),  Balanopseae,  Ulmaceae  pro  parte,  Cannabineae,  Moraceae  pro 
parte  (rarely  subsid.  cells  in  a  rosette),  Urticeae  pro  parte,  Platanaceae,  Juglandeae, 
Myricaceae,  Cupuliferae,  Lacistemaceae,  Empetraceae. 

2.  Stomata  with  subsidiary  cells,  lying  parallel  to  the  pore,  occur  in:  Dillenia- 
ceae  pro  parte,  C^ycanthaceae  (Fig.  3,  B,  p.  25),  Magnohaceae  (occasionaUy  indistinct 
among  the  Schizandreae),  Anonaceae,  Menispermaceae  (rare),  Violarieae  pro  parte 
(often  obscured),  Canellaceae  (partly  obscured),  Bixineae  pro  psurte,  Pittosporeae, 
Polygaleae  pro  parte,  Vochysiaceae  pro  parte,  Portulaceae  (almost  of  general  occur- 
rence, true  and  false  Rubiaceous  types.  Fig.  26,  B,  p.  1 12),  Tamarisdneae  pro  parte  ( ?), 
Hyperidneae  pro  parte,  Guttiferae  (Fig.  27,  C,  p.  122),  Temstroemiaceae  pro  parte, 
Dipterocarpeae  pro  parte  (rare),  Lineae,  Humiriaceae  pro  parte  (indistinct),  Mal- 

Sghiaceae,  Geraniaceae  pro  parte,  Rutaceae  pro  parte  (rare),  Simarubaceae  (rare), 
::hnaceae(always  ?),  Chailletiaceae  (Fig.  46,  p.  1 98  ),01acmeae  pro  parte,  Cdastnneae 
pro  parte,  Corynocarpaceae,  Rhamneae  pro  parte,  Sapindaceae  pro  parte  (very  rare), 
Coriarieae,  Connaraceae  pro  parte,  Papilionaceae  pro  parte,  Caesalpinieae  pro  parte, 
Mimoseae,  Rosaceae  pro  paite  (Chrysobalaneae),  Saxifragaceae  pro  parte,  Byblis, 
HamameUdeae,  Ostrearia,  Myrtaceae  sens.  str.  pro  parte,  Lecythidaceae  pro  parte, 
Melastomaceae  pro  parte,  Samydaceae  pro  parte,  Tumeraceae  pro  parte,  Cacteae, 
Ficoideae  pro  parte,  UmbeUiferae  pro  parte  (with  transitions  to  the  Caryophylleous 
type),  Araliaceae  pro  parte,  Rubiaceae  (Fig.  loi,  p.  446),  CandoUeaceae  pro 
parte,  Goodeniaceae  pro  parte  (four  subsidiary  cells,  as  in  Tradescaniia),  Vacdniaceae, 
Ericaceae  pro  parte  (rare),  Plumbagineae  pro  parte,  Sapotaceae  pro  parte,  Styra- 
ceae pro  parte,  Oleaceae  pro  parte  (rare),  Salvaaoraceae  pro  parte,  Apocynaceae  (in 
most  cases),  Asdepiadeae  (in  most  cases),  Loganiaceae  pro  parte,  Qonvolvulaceae 
pro  parte,  Bignoniaceae  pro  parte,  Selagineae  (see  under  i),  Nyctagineae  pro  parte. 
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Chenopodiaceae  pro  parte,  Basellaceae,  Phytolaccaceae  pro  parte,  Batideae,  Poly- 
gonaceae  pro  parte,  Chloranthaceae  pro  parte,  M3nisticaceae,  Mommiaceae  pro 
parte,  Laurineae,  Hemandiaceae  pro  parte,  Gomortegaceae,  Proteaceae  (false 
Kubiaceous  type),  Loranthaceae,  Saatalaiceae  (in  most  cases),  Champereiaf  Euphor- 
biaceae  pro  parte,  Daphniphyllaceae,  Ulmaceae  pro  parte,  Thelygoneae,  Casuarineae 
(Fig.  180,  p.  788),  Sandneae* 

3.  Stomata  with  subsidiary  cells,  lying  transversely  to  the  pore,  occur  in  : 
Caryophylleae  pro  parte  (with  exceptions.  Fig.  2  j ,  C,  p.  1 08 ),  Melastomaceae  pro  parte 
(in  part  at  least  false  Caryoi>hyIleous  type,  guard-celJs  occasionally  almost  compfetelv 
surrounded  by  a  single  epidermal  ceU),  Solanaceae  pro  parte  (side  by  side  with 
other  types),  Lentibularieae  pro  parte,  Bignoniaceae  pro  parte,  Acanthaceae 
(Fig.  144,  i4,  p.  615),  Verbenaceae  pro  parte,  Labiatae  pro  parte  (Fig.  152,  A 
p.  638),  Plantagineae  pro  parte,  lUecebraceae  pro  parte. 

4.  Stomata,  in  which  the  pronounced  Cruciferous  type  is  still  recognizable  in 
the  mature  leaf,  are  found  in* :  Crudferae  pro  parte,  Bixmeae  pro  parte,  Rhapto- 
petalaceae  pro  parte,  Rhanmeae  pro  parte,  Stapnyleaceae  pro  parte,  Papilionaceae 

So  parte,  Crassulaceae  (in  most  cases.  Fig.  70,  yl,  p.  321),  Lecythidaceae  pro  parte, 
elastomaceae  pro  parte,  Lythrarieae  pro  parte,  Samydaceae  pro  parte.  Begonia- 
ceae,  Araliaceae  pro  parte,  Dipsaceae  pro  parte,  Pentaphtagma  (Campanulaceae), 
Brachynema^  Apocynaceae  pro  parte,  Asclepiadeae  pro  parte,  Loganiaceae  pro  parte, 
Boragineae  pro  parte,  Convolvulaceae  pro  parte,  Solanaceae  pro  parte,  G^neraceae 
pro  parte,  Bignoniaceae  pro  parte,  Pedalineae  pro  parte,  Myoporineae  pro  parte, 
Verbenaceae  pro  parte,  laperaceae  pro  parte,  Euphorbiaceae  pro  parte,  Moraceae 
pro  parte,  Urticeae  pro  parte. 

The  shape  of  the  guard-cells  and  the  detailed  structure  of  their  walls 

likewise  appear  to  be  features  of  great  systematic  importance,  although  hitherto 
little  attention  has  been  paid  to  them  in  papers  dealing  with  systematic  anatomy 
or,  for  the  matter  of  that,  in  Dicotyledons  generally.  In  this  connexion  the 
following  features  chiefly  require  to  be  considered  :  the  contour  of  the  pairs  of 
guard-cdls  and  the  shape  of  the  front  cavity,  when  seen  from  the  surface ;  the 
structure  of  the  back  cavity ;  the  varied  cluuracter  and  chemical  nature  of  the 
unequal  thickening  of  the  walls  of  the  guard-cells,  and  the  corresponding 
differences  in  the  shape  of  their  lumina  ;  lastly,  the  thickening  ridges  which 
arch  over  the  front  and  back  cavities,  these  ridges  being  for  the  most  part 
strongly  cuticularized,  and  the  more  or  less  strongly  developed  epidermal 
joints,  found  on  either  side  of  the  guard-cells*. 

These  features  have  been  examined  chiefly  in  the  Monocotyledons,  Gymno- 
sperms  and  Mosses.  The  '  Gramineous  type,'  first  demonstrated  by  Schwendener 
in  the  Gramineae  and  Cyperaceae,  is  primarily  characterized  by  the  fact  that  the 
two  guard-cells  are  dumbbell-shaped,  Le.  they  are  low  and  flat  in  the  middle  region 
and  enlarged  at  both  ends.  The  outer  and  inner  walls  of  the  middle  portion  of 
the  guard-cells  are  distinguished  by  having  strong  thickening  ridges,  which  are 
not,  as  is  elsewhere  the  case,  approximated  to  the  ventral  side,  but  take  up  the 
entire  breadth  of  the  middle  part  and  merge  gradually  into  the  thin  walls  of  the 
enlarged  ends  of  the  guard-cells;  as  a  result  the  middle  part  of  the  guard-cell, 
when  seen  in  a  transverse  section,  shows  a  slit-shaped  lumen,  which  is  placed  trans- 
versely. The  front  cavity,  as  seen  in  surface- view,  has  an  hexagonal  outline  with 
two  longer  sides,  which  are  placed  panillel  to  the  direction  of  the  pore.  In 
addition,  there  are  two  subsidiary  cells,  which  have  thin  waUs  and  lie  parallel  to  the 
pore. — The  Gjrmnospermous  type  is  particularly  characterized  by  the  fact  that  the 


^  The  following  enumeration  is  not  exhaustive^  among  other  reasons,  because,  in  the  case  of  the 
material  hitherto  investigated,  there  are  frequently  enough  no  precise  data,  as  to  whether  the  three 
epidermal  cells,  surrounmng  the  pair  of  guard-cells,  are  <£fferentiated  as  subsidiary  cells  or  not. 

*  Schwendener,  Ban  n.  Mechanik  d.  Spaltofifn.,  Monatsber.  Berliner  Akad.,  1881,  p.  833; 
Mahlert,  Anat.  d.  Laubbl.  der  Coniferen,  &c,  Bot.  CentralbL,  1885,  ^^»  ?•  .'»4*  Haberlandt,  Anat  u. 
Phyi.  der  Laubmoose,  in  Pringsheim  Jahrb.,  xvii,  1886,  p.  359  and  Tab.  xxvi;  Schwendener, 
SpaltofTn.  d.  Gramineen  u.  Cyperaceen,  Sitz.-Ber.  Berliner  Akad.,  1889,  p.  65  ;  Copeland,  Mechanism 
of  stomata,  Ann.  of  Bot,  xvi,  looa,  p.  327 ;  Buck,  Vergl.  Anat.  des  Durchliiftungssyst,  Diss., 
Freiburg  L  Br.,  190a  ;  see  especially  Porsch,  loc.  dt.,  pp.  5,  ai ,  and  33  et  seq.  and  the  literature  cited 
in  this  paper. 
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Siard-cdls,  as  seen  in  a  median  transverse  section,  have  the  shape  of  an  ellipse*  the 
ngitudinal  axis  of  which  is  inclined  approximately  at  an  angle  of  45*^  to  the  surface 
of  the  organ ;  other  characteristic  features  are  that  the  outer  walls  are  mostly  mcve 
strongly  thickened  than  the  inner  walls,  and  that  as  a  rule  both  walls — ^rarely  the 
outer  walls  alone — include  a  lignified  lamella. — ^The  chief  points  to  mention  regming 
the  Mtisdneoas  type  are  that  the  thickening  ridges  on  the  front  and  back  cavities 
are  not  typically  cofEerentiated,  and  that  not  uncommonly  the  guard-cdls  undergo 
fusion  or  tne  stomatal  apparatus  consists  of  three  or  four  cells. 

As  has  already  been  stated  above,  there  are  very  few  observations  dealing  with 
Dicotyledons  from  this  point  of  view.  The  outline  of  the  pdr  of  guard-cdls  is 
generally  elliptical  or  circular,  the  angular  outline,  found  in  the  Papaveraceae  and 
Fumariaceae,  being  remarkable.  Thickening  ridges,  like  the  flaps  of  cm  envelope 
and  resembling  those  present  in  Cyperaceae  and  Gramineae,  are  not  at  all  rare  in  the 
guard-ccUs  of  Dicotyledons  (e.£.  m  the  Celastrineae  according  to  Metz).  ^milar 
types  of  structure  are  produced  by  the  presence  of  thin  areas  in  the  waUs  of  the 
guard-cells,  these  thin  portions  bemg  round  or  of  other  shapes  and  occupying  the 
same  polar  position  as  in  Gramineae,  &c. ;  they  occur  in  the  Hippocrateaceous 

f;enera  Hippocratea  and  Salacia  (according  to  F.  £.  Fritsch),  in  many  Ericaceae 
according  to  Copeland),  and  in  the  Solanaceous  genus  Trianaea  (here  comma- 
shaped,  according  to  Solereder).  Other  noteworthy  features  are  constituted  by 
the  splitting  of  the  outer  appendicular  ridges  ('  horns ')  on  the  guard-ccUs  into  two 
ridges,  so  that  the  front  cavity  becomes  divided  into  an  outer  and  an  inner  comp^- 
ment  (in  certain  Rhizophoraceae),  and  the  deposition  of  cutine-lamellae,  which 
correspond  in  all  respects  (see  Porsch,  loc.  cit.)  to  the  lignified  lamellae  of  Gjnnno- 
sperms  (see  above),  in  the  outer  and  inner  walls  of  the  guard-ceUs  inthe  Casuarineae. 
Schwendener  refers  also  to  a  well-known  type  of  structure,  which  is  shown  by  the 
g[uard-ccUs  of  HelM>orus  and  is  figured  in  Sachs's  and  Haberiandt's  textbooks; 
similarly  Porsch,  in  the  work  cited  in  the  footnote  on  p.  1079,  describes  a  certain 
type  of  structure,  exhibited  by  the  guard-cells  in  the  phyllodineous  Acacias  and  in 
Eucalyptus. 

At  this  point  mention  may  also  be  made  of  peculiar  processes  on  the  walls 
of  the  guard-cells,  as  seen  in  surface-view ;  these  processes  take  the  form  of  lobes 
or  have  some  other  shape,  and  are  found  in  certain  Trochodendraceae,  Berberideae, 


Geraniaceae  (FiR.  39,  A,  p.  170),  Sabiaceae  (according  to  Dihm  in  Beih.  z.  Bot. 
CentralbL  xxi,  Abt.  i,  1907),  Laurineae  and  Penaeaceae  (Fig.  175,  p.  723);  they 
occasionaUy  occur  also  when  the  ordinary  emdermal  cells  have  jageed  lateral  walls 


with  ridge-Uke  thickening  in  the  angles.  The  distinctive  shape  ot  the  guard-cdls 
in  certain  floating  plants  (Nymphaeaceae,  Trapa),  when  seen  in  a  transverse  section, 
is  a  biological  feature ;  the  dosure  of  the  pore  in  these  forms  is  not  brought  about 
by  contact  of  the  protruding  ventral  walls,  but  by  means  of  the  outer  cuticular 
ridges,  which  are  much  broadened. 

The  size  and  number  of  the  stomata,  especially  in  extreme  cases  (very 
large  or  very  smaU  stomata,  occasionally  even  stomata  of  two  sizes  on  the  same 
leaf -surface ;  further,  very  many  or  very  few  stomata,  which  in  the  f CHrmer  case 
together  with  the  neighbouring  or  subsidiary  cells  form  almost  the  entire 
epidermal  surface),  may  be  employed  for  the  diagnosis  of  species  and  occasion- 
ally even  of  more  extensive  taxonomic  groups.  A  complete  reduction  of  the 
stomata  on  the  leaves  or  on  other  organs  as  well  is  found  only  in  certain  (not 
all)  plants,  which  are  submerged  or  lead  a  saprophytic  or  holoparasitic  life. 
When  stomata  occur  in  such  plants,  they  are  mostly  present  only  in  small 
numbers,  and  as  a  rule  merdy  owe  their  presence  to  inheritance ;  they  are 
functionless,  and  in  correspondence  with  this  they  often  show  a  reduced  t}^ 
of  structure  and  are  occasionally  provided  with  special  arrangements  for  the 
dosure  of  the  pore  \ 

Complete  absence  of  stomata  has  been  recorded :  in  the  submerged  leaves  of 
Ranunculus  §  Batrachium^  Nymphaeaceae  pro  parte  and  Halorageae  pro  parte ;  in 
Aldrovanda,  Podostemaceae,  and  Ceratophylleae ;    in  some  of  the  saproph3rtic 

'  Ponch,  SpaltoffnnngBapparat,  pp.  47-90 ;  Porach,  SpaltdffDiingsapparate  snbmener  Pffanzen* 
teile,  Sits.-Ber.  Wiener  Akad.,  exit,  Abt.  i,  1903,  p.  97. 
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Monotropeae ;   and  lastly,  in  the  parasitic  Orobanchaceae  pro  parte,  Cjrtinaceae 
pro  parte  and  Balanophoreae  pro  parte. 

The  distribution  of  the  stomata  on  the  two  surfaces  of  the  leaf  ^  varies. 
It  generally  depends  on  the  structure  of  the  leaf,  since  leaves  shoMring  centric 
or  homogeneous  structure  (especially  those  whidi  are  centric  and  are  placed 
in  a  vertical  position)  in  most  cases  bear  stomata  on  both  surfaces,  while  in 
leaves  with  typical  bifacial  structure  the  stomata  are  generally  confined  to  the 
lower  side,  when  stomata  are  present  on  both  sid^  of  the  leaf,  they  are 
mostly  more  numerous  on  the  lower  than  on  the  upper  side,  although  the  reverse 
is  sometimes  the  case.  Even  though  as  a  general  rule  these  features  are  only 
of  value  for  specific  diagnosis,  the  exclusive  occurrence  of  stomata  on  the 
lower  side  of  the  leaf  is  occasionally  characteristic  of  entire  Orders  of  varying 
magnitude  (Dipterocarpeae,  Hamamelideae,  Begoniaceae).  No  great  systematic 
value  can  be  attributed  to  the  occurrence  of  isolated  stomata  in  the  neighbour- 
hood of  the  veins  on  the  upper  side  of  the  leai.  The  floating  leaves  foimd  in 
some  species  of  Ranunculus^  the  Njmiphaeaceae  (also  on  the  leaves  of  Nelum- 
bium,  which  are  not  floating,  see  Introduction,  p.  9,  footnote  i),  CattUriche 
(Halorageae),  Trapa  (Qnagrarieae),  Limnanihemum  (Gentianeae),  Trapeila 
(Pedalineae)  and  Polygonum  naturally  bear  stomata  only  on  the  upper  side.  Even 
in  terrestrial  plants,  however,  the  stomata  are  sometimes  confined  to  the  upper 
side  of  the  leai.  In  some  cases  (e.^.  in  the  leaves  of  LepidophyUum  or  Passerina, 
which  are  adpressed  to  the  stem,  or  m  the  induplicate  leaves  ot  certain  Podalyrieae 
and  of  Hemiphragma)  this  peculiar  distribution  is  connected  with  the  formation 
of  spaces,  which  contain  the  stomata  and  are  not  reached  by  the  wind ;  in  other 
cases,  as  in  the  leaves  of  certain  species  of  Lythrum,  Philoxerus,  Pilea  and 
Euphorbia,  it  is  related  to  the  differentiation  of  aqueous  tissue  in  the  lower  part 
of  the  leaf ;  in  other  cases  again  (species  of  Geojffroya)  the  restriction  of  the 
stCMnata  to  the  upper  side  is  inexplicable.  The  same  arrangement  of  the  stomata, 
combined  with  other  remarkable  peculiarities  in  their  distribution,  is  f oiind 
also  in  certain  Mimoseae,  where  these  features  are  connected  with  the  assumption 
of  the  sleep-position.  The  curious  distribution  of  the  stomata  in  certain 
saxifrages  may  also  be  briefly  referred  to  at  this  point. 

Stomata,  v/Mch  are  situated  exclusively  on  the  upper  side,  are  found  (apart 
from  the  floating  leaves  already  discussed)  in  the  foUowmg  land-plants :  Antarctic 
species  of  Caltha  (which  have  curiously  shaped  leaves),  species  of  Fto/a,  species  of 
Myricaria  and  Tamarix  (Tamarisdneae),  Ceoffiroya  spinosa,  Jacq.  and  species  of 
DtUwynia,  Eutaxia,  Pultenaea,  Coelidium  (Papilionaceae),  certain  Aumoseae, 
species  of  Brunia  f ,  Lonchostoma,  Pseudobaeckea  and  Raspalia  (Bruniaceae),  Epi- 
lobium  crassum.  Hook.  f.  (Onagrarieae),  species  of  CandoUea  (CandoUeaceae), 
Hedraeanthus  Pumilio,  Porta  (Campanulaceae),  LepidophyUum  (Compositae), 
Cassiope  (Ericaceae),  Leucopogon  (Epacrideae),  Hemiphragma  and  Lathraea  (in  the 
latter  ^enus  on  the  'scale-leaves,'  Scrophularineae),  Philoxerus  (Amarantaceae), 
Passertna  (Thymelaeaceae),  Euphorbia  buxifolia^  Pilea  serpyllifolia  (Urticeae). 

The  arrangement  of  the  stomata  with  respect  to  one  another,  as  seen 
in  surface- view,  is  well  known  to  be  quite  irregular  in  most  of  the  Dicotyledons. 
In  exceptional  cases  the  stomata  lie  with  their  pores  directed  parallel  to  one 
another,  and  at  the  same  time  parallel  to  the  median  vein  of  the  leaf,  as  is  the 
general  rule  among  Monocotyledons ;  such  an  arrangement  occurs  chiefly  in 
species  having  narrow  leaves  or  leaflets.  Another  specially  remarkable  case 
is  obtained,  when  the  pores  of  the  stomata  are  placed  parallel  to  one  another, 
but  at  the  same  time  lie  transversely  to  the  midrib  of  the  leaf ;  and  it  may 
at  once  be  added,  that,  when  stomata  are  present  on  the  axis  of  such  plants, 
they  are  placed  transversely  to  the  vertical  direction. 

^  Fr.  Darwin,  Bloom  on  leaves  and  distribntioo  of  the  itomata,  Jonm.  linn.  Soc,  xxxii,  1887, 
p.  99;  Kdhne,  Oberseit.  Spaltoffn.  anf  Laubholzgew.,  Mitteil.  dentach.  dendrolog.  Geaelltch^  1899, 
p.  47. 
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Stomata,  which  have  their  pores  directed  parallel  to  one  another  and  to  the 
midrib  of  the  leaf,  have  been  observed  in  certain :  Mimoseae  (common),  Bniniaceae, 
Mdastomaceae,  Cacteae  (on  the  stem  parallel  to  the  longitudinal  axis  of  the  shoot), 
CandoUeaceae,  Campanulaceae,  Epacndeae  (in almost allthe species), Plnmbagineae, 
Loganiaceae,  Polcmoniaceae,  Chenopodiaceae,  Proteaceae,  Santalaceae,  Myxoden- 
dron ;  stomata,  which  are  arranged  parallel  to  one  another,  but.  lie  transvers^y  to 
the  midrib  of  the  leaf  or  to  the  vertical  direction  in  the  axis,  as  the  case  may  be,  axe 
found  in  certain :  Polygaleae  {Krameria  pro  parte,  leaf),  Tamarisdneae  (leaf),  Bala- 
nites  (axis),  Rhamneae  (axis  of  CoiUHa^  according  to  Pfitzer),  Staphvleaceae  (axis  of 
StaphyUa  piniuUa^  according  to  De  Bary),  PapiBonaceae  (leaf  in  AnartkropkyUum^ 
Eutaxia  and  LtUrobea,  axis  in  Daviesia,  phyllodades  and  branches  respectively 
in  Carmichaelia  and  Alhagi)^  Broniaceae  {Brunia  and  Staavia,  leaf),  Cacteae  (axis), 
Ficoideae  (MesembryafUhimum^  leaf),  Epau:rideae  (Lysinema,  leaf),  Chenopodiaceae 
(leaf  in  Suaeda,  Salsola,  Camphorosma^  EchinopsiloHj  Halogeton^  Traganum^  and  axis 
in  Camphorosma^  Salicamia,  Suaeda),  Batideae  (leaf  and  axis),  Nepenthaceae  |m> 
parte,  Laurineae  (leaf  and  axis  of  Cassytha)^  Loranthaceae  (leaf  and  axis  of  Nuytsia, 
and  axis  of  other  Loranthaceous  genera),  Santalaceae  (commonly  on  the  branches 
and  also  on  the  leaves^),  Euphorbiaceae  (axis  of  succulent  Euphorbias)^  Casuarineae 
(sheaths  and  branches.  Fig.  i86,  p.  788). 

The  combination  of  stomata  to  form  groups  is  not  very  common.  Such 
groups  are  found  in  the  first  place  in  certain  Crucif erae,  where  they  are  due  to 
the  differentiation  of  the  epidermis  of  the  leaf  into  cells  with  large  lumina 
and  a  reticulate  distribution,  and  cells  of  the  normal  size,  which  constitute 
the  subsidiary  cells  of  the  stomata.  Stomatal  groups  are  Ukewise  present  on 
the  surface  of  the  leaf  in  Macrococculus  (Menispermaceae),  species  of  Soulatnea 
and  Casida  (Simarubaceae),  species  of  Euchtesta  (PapUionaceae),  species  of 
Saxifraga  and  Chrysosplenium,  species  of  Calycogonium,  Leandra  and  Ossaea 
(Melastomaceae),  certain  Begonias  (Fig.  87,  i4,  p.  400),  all  the  spedes  of 
Pagamea  (Rubiaceae)  and  NapeatUhus  ((jesneraceae),  and  in  Ficus  ^bosa^ 
Bl. ;  and  in  small  pits  in  the  surface  of  the  leaf  in  Sarcolaena  and  Schizolaena 
(Chlaenaceae,  Fig.  33,  p.  145),  Soulamea  Pancheri^  Brongn.  et  Gris  (Simaru- 
baceae),  Trichouratea  subvelutina.  Van  Tiqgh.  (Ochnaceae),  Akania  (Staphy- 
leaceae),  Mouriria  (Melastomaceae,  Fig.  78,  p.  359),  Nerium  (Apocjniaceae), 
species  of  Banksia  and  Dryandra  (Proteaceae),  and  species  of  Ficus  '.  Lastly, 
we  can  also  speak  of  stomatal  groups  when  the  network  of  the  veins  projects 
strongly  on  the  lower  side  of  the  leaf  and  the  stomata  are  confined  to  the  de- 
pressed portions  of  the  surface.  In  connexion  with  our  discussion  of  the  stomatal 
pits  (crypts),  we  may  notice  the  occurrence  of  furrows  occupied  by  stomata  in 
rolled  leaves  and  on  the  assimilating  stems  of  plants  havmg  reduced  leaves 
(e.g.  in  certain  Papilionaceae,  Casuarineae,  &c.),  whilst  with  the  stomatal  groups 
situated  on  the  surface  of  the  leaf  we  may  class  the  arrangement  of  the 
stomata  in  longitudinal  zones  on  the  leaves  of  certain  species  of  CandoUea 
(CandoUeaceae). 

Other  points  of  difference  are  connected  with  the  varying  position  of  the 
guard-cells  with  respect  to  the  neighbouring  epidermal  cells,  a  feature 
which  in  most  cases  may  be  regarded  as  a  measure  of  the  humidity  of 
the  habitat  in  which  the  species  grows.  The  guard-cells  may  either  lie  on 
a  level  with  the  epidermal  cells  or  project  to  a  marked  extent,  tiie  latter  being 
especially  the  case  in  species  from  damp  localities,  in  species  in  which  the  stomata 
are  contained  in  small  pits,  or  in  species  which  are  protected  from  desiccation 
by  the  possession  of  a  very  dense  hairy  covering ;  in  other  cases  again  the 
guard-cells  are  simk  below  the  surface,  this  feature  being  found  chiefly  in  species 
from  dry  habitats.    The  elevation  of  the  stomata  is  particularly  marl^  in 


*  See  also  De  Bary,  Vcrgl.  Anat.,  1877,  p.  48. 

'  Haberlandt  (Physiol.  Pflanzenanat.,  1904)  incorrectly  ascribes  small  stomatal  pits,  like  those 
of  the  Oleander,  also  to  Coscinium  (Menispermaceae). 
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the  veins  of  the  leaf  of  Santiria  (Burseraceae,  Fig.  43,  p.  191),  and  in  Cineraria 
cruenia  (Compositae),  certain  species  of  Cordia,  in  the  leaves  of  Fabiana  (Sola- 
naceae),  which  are  covered  with  varnish,  and  on  the  stems  of  certain  Cucur- 
bitaceae.  The  depression  of  the  guard-cells  is  effected  either  {a)  by  the  diffe- 
rentiation of  a  thick  outer  wall  on  the  epidermis,  which  is  accompanied  by  a 
correspondinglv  strong  development  of  cuticuLar  crests,  or  (b)  simply  by  the 
depression  of  the  guard-cells  (in  some  cases  together  with  their  subsidiary  cells) 
beneath  the  neighbouring  epidermal  cells,  or  (c)  by  a  more  or  less  pronounced 
protrusion  of  the  epidermal  cells  adjoining  the  guard-cells  or  subsidiary  cells, 
which  leads  to  the  formation  of  a  chimney-shaped  outer  respiratory  cavity  of 
varying  shape  and  often  of  great  depth  \  The  depression  of  the  stomata  in 
certain  Thymelaeaceae  and  certain  species  of  Jacksonia  (Papilionaceae)  is  of  a 
very  peculiar  character,  and  may  therefore  find  special  mention ;  in  the  former 
case  uie  stomata  occur  singly  at  the  base  of  lageniform  pits,  the  wall  of  which 
is  formed  by  the  elongation  of  the  6-10  neighbouring  cells  surrounding  the  guard- 
cells  (Fi§.  174,  p.  717),  while  in  the  species  of  Jacksonia  the  stomata  together 
with  their  subsidiary  cells  are  sunk  in  deep  pits  on  the  surface  of  the  stem,  each 

Eit  being  dosed  by  a  clothing  hair.    Regarding  certain  Sapindaceae  and  Umbel- 
ferae,  see  pp.  228  and  420. 

*  Plugged'  stomata,  which  have  long  been  known  to  occur  in  the  Coniferae, 
have  recently  *  been  demonstrated  in  the  Monocotyledons  and  Dicotyledons. 
They  do  not,  however,  possess  great  systematic  value,  since  they  are  not  always 
of  constant  occurrence  m  one  and  the  same  species,  and  are  often  found  only  on 
certain  parts  of  the  plant.  In  stomata  of  this  kind  the  outer  respiratory  cavity 
(vestibme)  is  filled  with  a  resinous  mass,  which  interferes  with  the  process  of 
transpiration  and  the  exchange  of  eases  as  a  whole. 

The  same  effect  is  produced  by  the  peculiar  thickenings  found  in  certain 
Epacrideae  (Fig.  iii,  p.  492)  on  those  walls  of  the  subsidiary  cells,  which  border 
on  the  inner  respiratory  cavity.  Finally,  stomata  may  be  put  completely  out  of 
action  by  a  local  development  of  cork  beneath  the  pairs  of  guard-cells  ;  this 
ultimately  leads  to  the  formation  of  what  are  called  cork-warts ;  for  the  cork- 
warts  on  the  leaf,  see  §  39. 

Twin-stomata  (i.e.  pairs  of  stomata  lying  side  by  side  and  touching  one 
another  by  one  of  their  longitudinal  walls)  now  and  then  occur  together  with 
solitary  stomata  on  the  same  surface  of  the  leaf,  but  they  are  no  doubt  merely 
casual  structures  and  have  no  systematic  value. 

§  5.  Water-pores  *.  Water-pores  (i.e.  open  stomata,  which  function  as 
hydathodes)  occur  singly  or  in  groups  on  the  leaf-teeth  of  many  plants  (cf .  §  35, 
and  the  descriptions  of  the  Orders  there  enumerated),  or  are  found  near  the 
mardn  of  the  leaf  (as  in  certain  Geraniaceae,  Begoniaceae,  and  C^ampanulaceae) 
or  aSove  the  points  of  intersection  of  the  veins  of  the  leaf  (as  in  certain  Nym- 
phaeaceae).  They  are  distinguished  sometimes  by  small  dimensions,  sometimes 
by  considerable  size*.  The  water-pores  of  the  Lobeliaceae  are  particularly 
remarkable  in  that  their  pore  is  closed  by  the  cuticle,  a  rather  thick  and 
cuticularized  ridge  penetrating  from  the  latter  into  the  cavity  of  the  pore 


^  See  Tschiich,  Bez.  des  anat.  Banes,  &c.,  Linnaea,  xliii,  1881,  p.  aaj  and  Tab.  ii. 

'  Wolff,  Verttopfte  Spaltoflb.,  Osteneicfa.  bot  Zeitschr.,  1898,  pp.  aoi,  2$2  and  398,  Tab.  viii. 

*  VolkoM,  Wasseraosscheidong,  Tahrb.  Beiliner  Gaiteh,  ii,  1883,  p.  166;  Haberlandt, 
Wa»enec.  n.  absorb.  Org.,  Sitz.-Ber.  Wiener  Akad.,  ciii  and  dr,  Abt.  i,  1894  ""^  ^^St  PP*  4^9 
and  55  respectiTely ;  Haberlandt,  Hjdathoden,  Ber.  dentsch.  bot.  Gesellsch.,  1894,  p.  367;  Ntttler, 
Wasserspalten,  Nova  Acta  Leopold.,  bdT,  1894.  p.  14^ ;  Spanjer,  Wasserapparate,  Bot.  Zdt,  1898, 


>>  P-  35 ;  Minden,  Wassersec  Org.,  BibL  Bot,  Heft  46, 1899. 

*  It  remains  an  open  qnestioo,  whether  the  pairs  of  gnard-cells,  which  occnr  in  many  plants,  and 
are  distinguished  from  other  stonuta  on  the  same  sarface  of  the  leaf  by  their  often  considerable  size, 
are  inyariably  of  the  nature  of  water-pores. 
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('  stomates  aquif^res  septus  ')^.  Beneath  the  water-pores  one  finds  either  the 
ordinary  tissue  of  the  mesophj^  containing  the  termination  of  a  vascular  bundle, 
or  a  special  thin-waUed  tissue  (epithema),  provickd  with  interceOular  spaces  and 
enveloping  the  termination  of  the  bundle.  From  the  systematic  point  of  view  we 
may  notice  that  the  presence  of  water-p^es  constitutes  a  feature  characteristic 
of  the  Men3^thoideae  in  contrast  to  the  Gentianoideae.  The  water-pwes; 
found  in  certain  Crassulaceae,  Moraceae  and  Urticeae,  deserve  special  mention ; 
they  are  united  to  form  groups  and  are  recognizable  with  the  nsJced  eye  or  with 
the  help  of  a  lens  as  small  spots  on  the  surface  of  the  leaf.  We  may  also  refer 
to  the  groups  of  water-pores,  found  in  certain  species  of  Saxifraga  (Fig.  66» 
p.  313),  wh^  they  function  as  chalk-^aiids  and  have  long  been  employed  as 
a  speafic  character  by  systematists. 

With  the  water-pores  we  may  class  the  mplcal  pores'  occurring  at  the  tip 
of  the  leaf  in  various  Dicotyledonous  water-plants.  They  serve  for  the  excre- 
tion of  water  and  arise  by  the  breaking  down  of  the  cells,  situated  above  the 
terminations  of  the  veins  (mainly  epidermal  cells,  but  occasionaUy  water-pores 
as  well). 

Small  pits  (which  do  not  contain  water-pores,  but  are  formed  bv  special  egi- 
dermal  cells  surmounting  the  termination  of  a  vascular  bundle),  suoi  as  occur  in 
certain  Ferns,  have  not  been  observed  either  in  Dicotyledons  or  Monocotyledons. 
Regarding  special  epidermal  cells,  functioning  as  hydathodes  and  found  in  certain 
Menispermaceae  ana  Oladneae,  see  the  end  of  {  2,  p.  1076 ;  for  the  epidermal  chalk- 
and  sait-g^ands  of  the  Frankeniaceae,  Tamarisdneae  and  Plnmbaginaceae,  see  {  37 ; 
for  peltate  glands,  secreting  water  and  occurring  in  certain  Rhinantfaaceae  and  in 
MoHOphyUaea  (Gesneraceae),  see  {  34  under  I,  b.  Trichomes,  whidi,  in  correspon- 
dence with  their  outward  form,  are  described  as  clothing  or  glandular  hairs  in 
descriptive  anatomy,  may  also  function  as  hydathodes  (see  §  29). 

§  6.  Mesophyll,  Palisade  and  Spongy  Tissues  •.  The  influence  of  the 
surrounding  medium  on  the  structure  of  the  leaf  (i.e.  the  bifacial  (dorsiventral) 
or  centric  (isolateral)  development  of  the  mesophyll  and  the  detailed  differentia- 
tion of  its  cells)  has  already  been  discussed  in  the  Introduction,  and  in  this 
connexion  mention  was  likewise  made  of  the  variability  of  these  structural 
features  in  one  and  the  same  species  (see  Introduction,  pp.  6  and  10).  In  spite 
of  this  fact,  these  features  may  be  employed  for  systematic  purposes,  and  in  the 
first  place  for  specific  diagnosis,  provided  their  constancy  is  sufficiently  estab- 
lished. This  applies  especially  to  the  structure  of  the  leaf,  which  we  may  dis- 
tinguish as  bifaaal  (palisade-tissue  on  the  upper,  spongy  tissue  on  the  lower  side), 
subcentric  to  centric  (palisade-tissue  on  both  sides,  occasionally  forming  the  whole 
of  the  mesophyll)  and  homogeneous  (mesophyll  showing  no  differentiation  into 
palisade  and  spongy  tissues) ;  occasionally  the  structure  of  the  leaf  is  constant 
even  in  all  the  members  of  a  small  Order  (IlamameUdeae  with  bifetcial  structure). 
The  most  important  features  to  notice  in  the  structure  of  the  palisade-tissue  are 
the  f  olloMTing :  the  regular  or  irregular  stratification  of  the  layers  of  palisade-cells, 
the  cells  of  the  same  layer  in  the  latter  case  not  being  of  equal  length,  and  super- 
posed cells  occasionally  appearing  to  be  derived  from  a  single  much  elongated 
palisade-cell  by  transverse  division ;    the  number  of  layers  constituting  the 


*  Ttwett,  Hydathodes,  &c.,  Joorn.  de  hot,  iQ07,p.  305. 

*  Weiiirowiky,  Scheiteloffn.  bei  Wmsserpfl.,  Diss.,  Berlin,  1898  (also  in  FQn&tOck,  Beitr.,  iii) ;  see 
also  Minden,  loc.  dt 

*  Haberiandt,  Assimilat.  Gewebesyst,  in  Pringshdm  Jahrb.,  ziii,  i88a,  p.  74  and  Tab.  iii-viii, 
and  Ber.  dentsch.  bot  Gesellsch.,  1886,  p.  ao6 ;  Stahl,  Einfl.  d.  sonn.  und  schatt  SUndorts,  ftc, 
Zeitschr.  f.  Natnrw.,  Jena,  1883 ;  Heinrlcher,  Isolat.  Blattban,  in  Pringiheim  Jahrb.,  zv,  1884, 
p.  502  and  Tab.  xxrU-xxxi;  Loebel,  Anat  d.  Lanbbl.,  loc.  cit,  3cx,  1889,  p.  38  and  Tab.  i-iii; 
Buck,  Vergl.  Anat.  d.  DorchliifhingssTSt.,  Diss.,  Freiborff  L  Br.,  100a,  p.  74;  Sdiwartz-Clemeots, 
Relat.  of  leaf-stmct.  to  phys.  factors.  Transact  Americ.  Microscop.  Soc.,  1905,  p.  19. 
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palisade-tissue ;  the  shape  of  the  palisade-cells  (long  and  narrow  cells»  short 
and  broad  cells,  '  funnel-cells/  and  arm-palisade  cells ;  for  the  latter,  see  also 
below) ;  the  relative  extent  to  which  the  palisade-tissue,  as  compared  with  the 
spongy  tissue,  participates  in  the  formation  of  the  mesophyll.  In  the  structure 
of  the  spongy  tissue  important  characters  are  afforded  by  the  varied  arrange- 
ment (stratified  or  irregular)  and  shape  (rounded  cells,  cells  provided  with  several 
arms  of  varying  lengm,  cdls  with  flat  or  with  spreading  arms,  i.e.  with  arms 
developed  parallel  to  the  surface  of  the  leaf  only  or  radiating  out  in  all  directions) 
of  the  cells,  and  the  consequent  variations  in  the  nature  and  size  of  the 
intercellular  spaces. 

Rolled  leaves^  generally  show  a  distribution  of  palisade  and  spongy  tissue 
which  differs  from  that  normally  found,  in  so  far  as  palisade-tissue  is  mostly 
developed  in  all  those  parts  of  the  leaf  which  are  turned  towards  the  light,  while 
spongy  tissue  occurs  on  the  surface  of  the  furrows,  present  on  the  upper  or  lower 
side  of  the  leaf.  The  leaves  of  certain  Tamariscineae,  which  are  reduced  to  leaf - 
sheaths,  and  the  leaves  of  certain  Compositae,  &c.,  which  are  adpressed  to  the 
axis  and  generally  have  their  stomata  restricted  to  the  upper  epidermis 
(cf .  §  4),  resemble  tiiose  rolled  leaves,  which  have  a  furrow  on  uieir  upper  side, 
in  the  development  of  palisade  parenchyma  only  on  the  lower  side  of  the  leaf, 
which  is  turned  towards  the  light. 

In  addition  to  the  palisade  and  spongy  tissues,  which  contain  chlorophyll; 
aqueous  tissue  with  Uttle  or  no  chlorophyU  plays  a  part  in  the  formation  of  the 
mesophyll,  especially  in  thick  and  fleshy  leaves.  The  differentiation  of  hypo- 
dermal  aqueous  tissue  of  var3dng  thidmess,  but  belonging  to  the  mesophyU,  as 
shown  by  a  study  of  its  development,  has  already  been  discussed  in  §  3.  In 
other  cases  the  aqueous  tissue,  the  cells  of  which  may  have  thin  or  thick  walls, 
forms  a  middle  layer  (sometimes  differentiated  like  a  pith)  in  the  leaf,  or  com- 
poses almost  the  entire  mesophyll,  so  that  the  assimilatory  tissue  is  crowded 
into  the  middle  of  the  leaf ;  in  tiie  latter  case  the  assimilatory  tissue  sometimes 
merely  envelops  the  sheaths  of  the  veins  in  the  form  of  a  rosette  (Portulaceae, 
Fig.  26,  A,  p.  112,  Chenopodiaceae,  Fig.  158,  p.  656).  The  occurrence  of  a  tanni- 
ni^ous  middle  layer,  which  therefore  has  a  brown  colour  in  the  dry  leaf,  is 
characteristic  of  certain  plants  (Anonaceae,  Sapindaceae,  Papihonaceae, 
Mimoseae,  Rubiaceae,  and  no  doubt  other  Orders  as  well). 

As  regards  the  special  structural  features  presented  by  the  palisade- 
tissue,  we  may  first  deal  with  the  occurrence  of  funnel-cells,  arm-palisade  cells, 
and  conjugate  cells  as  component  elements  of  this  tissue.  Funnel-cells  are  short 
palisade-cells,  which  are  narrowed  down  at  their  lower  end  in  the  form  of  a 
blunt  cone ;  they  are  characteristic  of  plants  inhabiting  moist  localities  (occur- 
ring for  example  in  certain  Gesneraceae  and  Piperaceae).  Cells  having  a 
similar  shape  (collecting  cells ')  are  also  found  in  the  interior  of  the  mesophyll, 
adjacent  to  the  typical  psdisade-parenchyma.  A  more  important  systematic 
feature  appears  to  be  constituted  by  arm-paUsade  parench3ana,  in  which  the 
elements,  as  seen  in  a  transverse  section  of  the  leaf,  are  not  single  cells 
independent  of  one  another,  but  the  arms  of  what  are  called  arm-palisade  cells. 
The  latter,  or  rather  their  individual  branches,  may  be  either  long  or  (as  in 
most  cases)  short,  while  the  number  of  the  branches  is  two  or  more.  In  con- 
jugate palisade-cells  the  longitudinal  walls  are  provided  with  two  or  more 
small  papillose  potusions,  which  enter  into  connexion  (conjugate)  with  one 
another  in  neighf)ouring  cdls.   This  type  of  structure  has  been  observed  mainly 


'  Rolled  lea^et  have  been  obeenred  in  the  foUowing  Orders:  Berberideae,  Frankeniaceae, 
Tremandieae,  Polygaleae,  H]rpericineaey  lineae,  Geraniaoeae»  Rhamneae,  Papilionaoeae,  Rotaceae, 
Rubiaceae,  Compoiitae^  Ericaceae,  Epacrideae,  Primulaceae^  Smphularineae,  Empetiaceae  (Fig.  188, 
p.  800),  Enphorbiaoeae;  tee  also-Meigen,  in  Engler,  Bot.  Jahrb.,  zriii,  1894. 
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in  the  short  palisade-tissue  found  on  the  lower  side  of  subcentric  leaves  and 
occasionally  extends  also  to  layers  of  the  adjoining  spongy  tissue. 

Arm-palisade  tissue  is  found  not  only  in  the  Filices,  Equisetaceae,  Coniferae 
and  Gramineae,  but  also  in  a  number  of  l>icotyledon9,  vis. :  Acanitumt  Adorns^ 
Anemone,  Caliha,  Clematis,  Delphinium,  Nigella,  Paeonia  and  TroUiui  (Ranunco- 
Iaceae)»  £M/>/«/da(Trochodendraceae),  I>tsct/>iUm»a(Menispennaceae),  SauraujaiTem- 
stroemiaceae,  Fi^.  29,  A,  p.  129),  Meliosma  (Sabiaceae),  Casearia  (Samydaceae, 
only  faint  indications),  Acanihopanax,  Cussonia,  GiliberHa,  and  Pseudopanax  (Aralia- 
ceae),  Adoxa,  Sambucus  and  Viburnum  (Caprifoliaceae),  CandoUea  (CandoUeaceae), 
numerous  Campanulaceae,  Lysimachia  and  Trientalis  (Pdmulaceae),  Symplocos 
(Styraceae),  Protoschwenkia  and  Schwenkia  (Solanaceae),  Ascarina,  Ckhranthus, 
and  Hedyosmum  (Chloranthaceae)»  Phyllanthus  (Euphorbiaceae)  and  Parartocarpus 
(Moraceae).  The  systematic  value  of  this  feature  is  either  restricted  to  species 
(e.g.  in  Anemone  and  Phyllanthus)  or  to  genera  (e.g.  Meliosma). 

The  fine  bellows-like  folding,  which  may  conmionly  be  observed  in  her- 
barium-material on  the  lateral  waJUs  of  the  palisade-tissue,  and  is  met  with  also 
in  the  hypoderm,  is  a  result  of  the  participation  of  these  tissues  in  the  storage  of 
water ;  the  same  explanation  applies  to  the  occurrence  of  ridge-like  or  reticulate 
thickenings  on  the  walls  of  the  palisade-cells  in  certain  plants,  e.g.  species  of 
Clusia  (Guttiferae,  Fig.  27,  i4,  p.  122),  Meriania  and  Graffenrieda  (Melastoma- 
ceae),  CandoUea  (Candolleaceae),  Sophoclesia  (Vacdniaceae),  Dyssockrama, 
JuanuUoa,  and  Markea  (Solanaceae). 

In  certain  species  of  Reynosia  and  Sarcomphalus  (Rhanmeae),  Lighifooiia 
(Campanulaceae)  and  Artocarbus  and  Ficus  (Moraceae)  the  cells  of  the  i^ioiigy 
tissue  have  a  very  remarkable  hypha-like  form. 

In  the  species  of  Buxus,  belonging  to  the  section  Eubuxus,  the  sadden  tran- 
sition from  assimilatory  tissue  with  rounded  lumina  (which  adjoins  the  paUsade- 
tissue  on  its  lower  side)  to  spongy  tissue  with  large  lacunae  leads  to  the  splitting 
of  the  leaf  into  two  correspondSng  halves. 

Another  structural  feature  of  the  mesophyll,  which  may  be  mentioned  at 
this  point  and  can  be  employed  for  systematic  purposes,  is  the  occurrence  of 
peculiar  tliickenings  or  swellings,  which  are  restricted  to  certain  points  of  the 
cell-wall,  and  are  found,  especially  in  the  spongy  tissue,  but  also  on  the  upper 
and  lower  walls  of  the  palisade-cells,  in  many  Menispermaceae  and  Mdasto- 
maceae,  in  certain  Lo^aniaceae  and  in  Mdananthus  guatemalensis^  Solered. 
(Solanaceae) ;  these  thickenings  have  a  mucilaginous  appearance  and  more  or 
less  recall  the  structure  of  the  wall  in  collenchymatous  tissue.  They  certainly  do 
not  differ  very  materially  from  the  gelatinized  portions  of  a  cell-wall,  especially 
as  subepidermal  layers  of  mucilage  occur  side  by  side  with  them  in  the  same 
species  (e.g.  in  certain  Menispermaceae  and  Loganiaceae) ;  both  the  inner  waUs 
of  the  epidermal  cells  and  the  adjoining  walls  of  the  palisade-tissue  are  concerned 
in  the  formation  of  these  mudlage-layers.  Gelatinization  of  the  spongy  tissue 
(differing  from  the  swellings  just  discussed  ?)  has  been  recorded  m  numerous 
Apoc3naaceae  and  in  Sclerophylax  (Solanaceae),  and  gelatinization  of  the  entire 
mesophyll  in  certain  species  of  GenUana.  It  remains  to  mention  the  cracks 
due  to  dr3ring^,  which  are  formed  in  certain  species  by  a  process  of  Assuring 
owing  to  the  drying  of  the  leaf,  and  frequently  give  nse  to  transparent  dots 
(C^pparideae,  Burseraceae,  Sapindaceae,  Connaraceae,  (^omaceae,  Bignoniaceae, 
Verwnaceae). 

For  the  occurrence  of  sclerosed  cells  in  the  mesophvll,  see  §  9,  p.  1090 ;  for 
the  occurrence  of  secretory  organs,  see  §  14  et  seq.,  and  of  oxalate  of  lime  and 
other  contents,  see  §  22  et  seq. 


>  See  Blenk,  in  Flora,  1884;  and  Radlkofier,  in  Sitz.-Ber.  MOnch.  Akad.,1886,  p.  341. 
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§  7.  Structure  of  the  Veins  of  the  Leaf.  The  following  features  can 
be  used  for  systematic  j)urposes :  the  appearance  of  the  fibrovascular  system, 
as  seen  in  transverse  section  ;  the  presence  or  absence  of  mechanical  tissue  or  of 
a  protective  sheath  in  connexion  with  the  vascular  system  ;  and  the  structure 
of  the  tissue,  developed  above  and  below  the  vascular  system.  When  the 
vascular  system  of  the  veins  is  surroimded  on  all  sides  by  assimilatory  tissue, 
we  may  speak .  of  '  embedded  veins,'  in  contrast  to  *  vertically  transcurrent 
veins,'  m  which  a  special  colourless  tissue  ('  B^leitgewebe ')  adjoins  the  vascular 
S3^tem  on  its  upper  and  lower  side. 

When  undertaking  a  comparative  investigation,  the  observations  should,  in  the 
first  place,  invariably  be  based  on  veins  of  the  same  order,  and  sJso  on  a  transverse 
section  taken  through  a  definite  part  of  the  vein  in  question.  For»  in  the  case  of  the 
principal  vein  and  all  the  larger  lateral  veins,  the  appearance  of  the  fibrovascular 
system  in  a  transverse  section  and  the  differentiation  of  the  mechanical  tissue 
accompanying  the  vascular  bundles  generally  differ  according  as  the  vein  is  examined 
at  its  base  or  m  its  further  course ;  and  in  tiie  case  of  the  smaller  veins  this  applies 
at  least  to  the  latter  feature.  A  further  point  to  be  taken  into  account  is  the 
thickness  of  the  veins.  Lateral  veins  of  the  same  order  may  vary  in  thickness  and 
may  consec^uently  show  a  different  structure  at  corresponding  points  in  allied  species, 
especially  if  the  latter  have  leaves  of  different  sizes.  The  systematic  employment 
of  the  features  in  question  requires  a  critical  judgement,  and  has  on  the  wnole  been 
little  attempted  hitherto,  mainly  owing  to  the  amount  of  labour  involved,  and  in 
view  of  the  fact  that  the  results  to  be  obtained  are  not  very  considerable. 

Among  features,  which  are  more  easily  determined,  the  following  chiefly 
come  into  consideration  for  the  purposes  of  anatomical  diagnosis  :  the  embedded 
character  or  vertical  transcurrence  of  the  medium-sized  and  smaller  veins ;  the 
presence  or  absence  of  a  strongly  developed  mass  of  mechanical  tissue  (sderen- 
chyma)  in  connexion  with  the  vascular  bundles  ;  and  the  occurrence  of  a  sheath 
of  large  cells  around  the  vascular  bundles.  Vertical  transcurrence  of  the 
smaller  veins  is  often  characteristic  of  a  genus  (see  for  instance  Epacrideae, 
p.  492)  and  occasionally  even  of  an  Order  (Dipterocarpeae) ;  such  veins  give  rise 
to  a  vascular  network,  which  is  visible  even  to  the  naked  eye.  The  diverse  ways, 
in  which  transcurrence  is  effected,  are  generally  only  of  specific  value  ;  the  veins 
may  be  vertically  transcurrent  by  means  of  colourless  parenchjmia,  the  walls  of 
which  are  either  thin  or  slightly  lignified  or  sclerosed  or  coUenchjmiatous,  or 
by  means  of  plates  of  sderenchyinatous  fibres,  which  sometimes  spread  out 
beneath  the  epidermis  of  the  leaf  like  a  T-girder  or  may  resemble  a  hypoderm. 
When  sclerenchymatous  tissue  is  present,  the  extreme  cases  (on  the  one  hand 
a  more  or  less  closed  ring  or  at  least  well-developed  arcs  of  sclerenchyma,  on 
the  other  hand  occurrence  of  mere  isolated  sclerenchymatous  cells  or  complete 
absence  of  this  tissue)  are  chiefly  to  be  considered.  In  the  majority  of  cases 
this  biological  feature  is  only  of  specific  value  (see  the  Introduction,  p.  8  et  seq.), 
but  there  are  entire  Orders  (Begoniaceae),  in  which  sclerenchyma  is  either 
completely  wanting  in  the  veins  or  is  f otmd  only  in  a  few  species,  and  then  mosdy 
in  small  quantity.  Sheaths  of  large  parenchymatous  cells  ^  occur  more 
commonly  in  Monocotyledons  than  in  Dicotyledons ;  they  function  as  a  pro- 
tective envelope  and  to  a  less  extent  for  the  conduction  of  food-substances;  such 
sheaths  have  been  observed  in  the  following  Dicotyledons :  Portulaca  (Portula- 
ceae),  Tribulus  (Zygophylleae,  here  with  thick  pitted  walls,  Fig.  38,  D,  p.  168), 
certain  Papilionaceae,  Pedis  humifusa^  Sw.  (Compositae),  Helioiropium  fnUico- 
sum,  L.  (Bora^eae),  certain  Polemoniaceae  (cells  thickened  in  a  U-shaped 
manner  in  Giliapungens,  Hook.,  suberized  cells  in  other  cases),  Nyctagineae, 
Amarantaceae  (Fig.  156,  i4,  B,  p.  652),  Chenopodiaceae  (Fig.  158,  p.  656)  and 


'  Schubert,  ParcDchymscheiden  in  den  BL,  Bot  CentralbL,  1897,  Hi,  p.  307. 
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Eupborbiaceae.  In  some  of  these  jdants  {Portulaca^  Pectis,  Amarantaceae, 
Euphorbiaceae)  the  sheath  is  enveloped  by  radially  arranged  palisade-tissiie. 
In  connexion  with  our  discussion  oi  the  parenchyma-sheaths  we  may  mention 
the  occurrence  oi  a  special  layer  of  cells,  observed  by  Van  Ti^hem  in  the  vdns 
of  the  leaf  (chiefly  in  the  Ochnaceae  and  Luxemburgiaceae,  bat  also  in  the 
Lineae)  and  styled  by  him  '  cristarque^ ; '  the  ' cristarque '  is  separated  from 
the  epidermis  by  a  single  cell-layer  and  is  composed  of  cells,  which  are  thickened 
in  the  shape  of  a  horseshoe,  and  enclose  a  clustered  or  solitary  crystal  of  oxalate 
of  lime ;  in  the  lateral  veins  the  '  cristarque '  is  in  direct  contact  with  the 
sclerenchyma  and  corresponds  to  the  endodermis.  The  '  cristarque  '  is  found 
also  in  the  petiole  and  axis. 

S  8.  Structure  of  the  Margin  of  the  Leaf^  The  peculiarities  in  the 
structure  of  the  margin  of  the  leaf  may  be  used  especially  for  the  purposes  of 
specific  diagnosis,  more  rarely  (see  Berberideae,  pp.  45, 820)  for  generic  diagnosis. 
The  margin  of  the  leaf  is  distinguished  either  by  a  stronger  development  of  the 
leaf-tissue  or  (very  commonly)  by  the  considerable  size  of  its  epidermal  cells 
or  by  the  development  of  a  hjrpoderm,  which  is  differentiated  either  as  odlen- 
chyma  or  resembles  hard  bast  (marginal  bast) ;  in  the  latter  case  the  hvpodom 
often  enters  into  connexion  with  the  marginal  vascular  bundles.  Marginal 
bast  has  been  observed,  for  example,  in  certain  Berberideae,  Frankeniaceae, 
nidneae,  Melastomaceae,  Vacdniaceae,  Ericaceae  and  Myrsineae. 

§  9.  Spicular  Cells  (including  similar  elements  occurring  in  the  axis). 
The  presence  of  spicular  cells  (i.e.  mechanical  cells  having  a  parench3maatous  or 

i)rosenchymatous  (fibrous)  shape)  in  the  mesophyll  is  a  widely  distributed 
eature,  which  is  in  general  only  of  value  for  specific  diagnosis.  In  most  cases 
the  spicular  cells  arise  from  cells  of  the  mesophyll  and  only  very  rarely  from 
epidermal  cells.  The  latter  applies  to  the  spicular  cells,  found  in  certain  species 
of  Capparis  ;  the  greater  part  of  the  body  of  these  elements  is  situated  in  the 
mesophyll,  but  the  upper  part  of  each  spicular  c^  is  wedged  in  betweai  the 
epidermal  cells  or  even  projects  beyond  the  level  of  the  epidermis  like  a  hair 
(Fig.  18,  C,  p.  68). 

The  differentiation  of  the  spicular  cells  varies  very  oHisiderably.  In  the 
simplest  case  they  are  ordinary  stone-cells,  those  situated  in  the  palisade-tissue 
being  elongated  like  rod-cells ;  in  other  cases  they  ^ve  off  branches  in  all 
directions  or  are  elongated  in  a  columnar  manner,  spicular  cells  of  the  latter 
type  often  extending  from  one  epidermis  to  the  other  and  even  branching 
beneath  the  epidermis.  In  other  cases  again  they  are  fibrous  and  then  generally 
branch  off  from  the  sderenchymatous  sheaths  of  the  veins ;  such  spicular  cells 
traverse  the  mesophyll  in  vanous  ways  (their  course  often  being  very  irregular) 
and  frequently  form  a  complete  plexus  beneath  the  epidermis  on  the  two  sides 
of  the  leaf.  The  spicular  cells,  and  especially  those  which  are  differentiated  like 
fibres,  for  the  most  part  have  thick  walls ;  in  certain  Euphorbiaceae  the  walls 
show  well-marked  steitification.  The  foUoMring  are  special  forms  of  spicular 
cells :  (a)  the  fibre-like  spicular  cells  of  Pelliciera  (Temstroemiaceae),  which  have 
pointed  ends  and  run  parallel  to  one  another  in  the  mesophyll  in  two  planes, 
parallel  to  the  surface  of  the  leaf ;  (b)  the  spicular  ceUs  of  Hemiboea  Henrys 
Clarke  (Gesneraceae),  which  resemble  rod-cells,  are  placed  parallel  to  the  surface 
of  the  leaf  and  are  covered  by  a  group  of  uppea:  epidermal  cells  of  relatively 
small  size  ;  {c)  the  sac-like  spicular  cells  of  Linociera  glomerata^  Pohl  (Oleaceae), 


^  See  Van  Tieghem,  Cristarque,  Ac,  BnlL  Miu.  d*higt.  nat,  ij^a,  d.  a66,  and  the  lemaining 
papen  hy  this  author,  cited  in  the  list  of  literature  for  the  Ochnaoeae.  p.  869. 

'  Hintt,  Mechan..Bau  d.  BUttrandes,  Nova  Acta  Acad.  LeopoIa.-Carol.,  liv,  1890,  p.  97  and 
tab.  v-vii. 
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^hich  fre<iuently  fork  and  have  wide  lumina  and  relatively  thin  walls,  the  latter 
being  wrinkled  owing  to  the  presence  of  transverse  folds ;  {d)  the  branched 
spiojdar  cells  of  Hepiacydum  Zenkeri,  Engl.  (Menispermaceae),  which  are  likewise 
sac-shaped  and  have  wide  lumina  and  relatively  thin  walls ;  (e)  the  bundles  of 
sderenchjnnatous  fibres  running  in  a  subepidermal  position  in  the  leaf  of  the 
Hieophrasteae  and  Polygonum  equiseUformc  \  (/)  the  groups  of  sclerenchy- 
matous  fibres,  developed  beneath  the  hypoderm  of  the  leaf  in  the  Eryngias 
having  a  Monocotyleaonous  habit ;  (g)  the  sclerench3miatous  fibres  of  certain 
Sapotaceae  and  Penaeaceae  (Fig.  175,  p.  723),  which  are  provided  with  spiral 
thickening ;  (A)  the  parenchymatous  or  prosenchymatous  spicular  cells  of  certain 
Minioseae(Fi^.  65,-4,5,  p.  295),  Melastomaceae  (Fig.  79,£,F,p.362),Compositae 
and  Euphorbiaceae  (Fig.  180,  p.  748),  which  occur  in  connexion  with  simple  tri- 
chomes  or  shaggy  hairs  of  compUcated  structure  and  form  a  foot  to  the  hair 
<see  2dso  §  33) ;  (i)  the  spicular  fibres  penetrating  into  the  glandular  shag^ 
hairs  of  Begonia  imf>enalis\  (j)  the  sclerenchjnnatous  rod-cells  of  certain 
Melastomaceae,  whicn  lie  in  the  parench3mia,  accompanjmig  the  larger  veins, 
and  are  placed  parallel  to  the  surface  of  the  leaf ;  (k)  the  branched  spicular  cells 
of  Cynometra  (Caesalpinieae),  which  are  filled  with  siUceous  contents ;  (/)  the 
branched  spicular  cells  of  certain  Begonias  (Fig.  87,  B,  p.  400),  which  have  wide 
lumina  and  mostly  include  soUtary  crystals  of  oxalate  of  lime  ;  (m)  the  spicular 
cells  which  have  been  observed  in  many  Loranthaceae ;  these  elements  are 
mostly  branched,  and  their  walls  are  thickened  to  such  an  extent  that  only  one 
or  more  peripheral  portions  of  the  lumina  remain,  these  being  filled  by  soutary 
crystals  of  oxalate  of  lime  (crystal-sclerenchjmaa.  Fig.  177,  p.  728) ;  (n)  lastly, 
the  branched  spicular  cells,  which  are  differentiated  as  '  mtemal  haurs.'  In  the 
Njnnphaeaceae  (Fig.  11,  A,  p.  47)  the  elements  last  named  (the  occurrence  of 
which  is  indicated  in  the  foUoMrmg  enumeration  by  the  insertion  of  a  *)  are  fre- 
<iuently  distinguished  by  being  encrusted  with  small  cr3^tals  of  oxalate  of  lime  ; 
in  Rhizophora  (Fig.  74,  p.  340)  and  Nymphaea  they  sometimes  have  the  shape 
of  an  H. 

The  special  forms  of  spicular  cells  are  by  no  means  characteristic  of  certain 
Orders  or  genera.  In  Ordm  Uke  the  C^pparideae  or  Temstroemiaceae,  or  genera 
like  Linoctera  (Oleaceae)  or  Mouriria  and  Memecylon  (Melastomaceae),  in  which 
spicular  cells  are  of  frequent  occurrence,  different  forms  of  these  elements  are 
found  from  species  to  species.  We  may  add  that  spicular  cells,  which  traverse 
the  leaf  in  a  vertical  direction,  may  give  rise  to  transparent  dots  in  the  sanie. 

With  the  spicular  cells  we  may  class  the  '  cristarque  '-cells  (see  the  end  of 
§  7,  p.  1090),  observed  in  the  mesophyll  of  certain  Ochnaceae  and  lineae,  and  the 
peculiar  groups  or  rows  of  cells,  which  occur  in  the  mesophyll  and  cortital 
parenchyma  of  certain  C^nvolvulaceae  (Fig.  128,  p.  564) ;  the  function  of  these 
groups  of  cells  is  still  quite  unknown. 

Spieolar  cells  have  been  observed  in  the  mesophyll  in  certain  species  of  the 
followmg  Orders  and  genera  respectively:  Dilleniaceae,  Magnoliaceae,  *Trocho- 
dendraceae,  Anonaceae,  ^'Menispermaceae,  ^'Nymphaeaceae,  Capparideae  (Fig.  18, 
p.  6Z)f  Bixineae,  Polygaleae,  Vochysiaceae,  Frankeniaceae,  Tamarisdneae,  Gutti- 
terae,  *Temstroemiaceae  (Fig.  29,  p.  129),  Microsemma,  Dipterocarpeae,  Malva- 
ceae, Rhaptopetalaceae,  Lineae,  Humiriaceae,  Malpdghiaceae,  Zygophylleae,  Ruta- 
ceae,  Simambaceae,  Ochnaceae  sens,  str.,  Luxemburraaceae,  Meliaceae,  ChaUletiaceae, 
Oladneae,  Ilicineae,  Celastrineae,  Hippocrateaceae,  Khamneae,  Sapindaceae,  Hippo- 
castanaceae,  Papilionaceae,  Caesalpmieae,  Mimoseae,  Rosaceae,  Saxifragaceae, 
Hamamelideae,  Ostfearia^  Bruniaceae,  *Rhizophoraceae  (Fig.  74,  p.  340),  Combreta- 
ceae,  Myrtaceae  sens,  str.,  Lecythidaceae,  Melastomaceae,  Lythrarieae,  Ssuoayda- 
ceae,  Passifloraceae,  Begoniaceae  (Fig.  Zy^  p.  400),  Datisceae,  Comaceae  (Fig.  99, 
p.  435),  Rubiaceae,  Candolleaceae,  ^'Goodeniaceae,  Vacciniaceae,  £ric2M:eae,  Epacri- 
deae,  ^Plnmb^tgineae,  Myrsineae,  Sapotaceae,  Ebenaceae,  Styraceae,  Oleaceae 
(Fig.  119,  p,  523),  Apocynaceae,  Asclepiadeae,  *Loganiaceae,  *Gentianeae,  B(ura- 
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gineae,  Convolvulaceae,  Solanaceae  (not  typical),  Gesneraceae,  Bignoniaceae,  Se|a* 
gineae,  Polygoneae,  *Myristicaceae,  Moninuaceae,  Laurineae,  *Proteaceae  (Fig.  173, 
p.  713),  Thymelaeaceae,  Penaeaceae  (Fig.  175,  p.  723),  Loranthaceae  (Fig.  177^ 
p.  728),  Euphorbiaceae  (Fig.  180,  p.  748),  Moraceae,  Dtdymeles. 

In  connexion  with  this  enumeration  we  may  mention  that  extensive  groups  of 
sclerosed  or  at  least  thick-walled  tissue  occur  in  the  mesophjrll  (especially  in  the 
spongy  tissue)  in  certain  Magnoliaceae,  Menispermaceae,  Berbeiideae,  Cappaiideae, 
Polygaleae,  Tamariscineae,  Guttiferae,  Lineae,  Celastrineae,  Sapindaceae,  Connara- 
ceae,  Melastomaceae,  Vacciniaceae,  Styraceae,  Orobanchaceae,  Piperaceae,  and 
Chloranthaceae. 

Spicular  cells,  similar  to  those  found  in  the  mesophyll»  occur  also  in  the 

S'th,  primary  cortex,  and  (more  rarely)  bast  of  the  axis,  and  may  therefore  be 
scusoed  here,  at  once.  Branched  spicular  cells,  some  of  which  are  differentiated 
as  internal  hairs,  are  present  in  the  axis  in  certain  species  of  the  Magnoliaceae, 
Trochodendraceae,  Njrmphaeaceae,  Temstroemiaceae,  Ij:>phira,  Rutaceae,  Meliaceae, 
Hippocrateaceae,  Rhizophoraceae,  Lythrarieae,  Datisceae,  Primulaceae,  Loga- 
niaceae,  Gentianeae,  Chenopodiaceae,  and  Gomortegaceae  ;  as  a  rule  their  presence 
corresponds  to  the  occurrence  of  spicular  cells  in  the  mesophyll,  and  this  applies  also 
to  the  crystal-sclerenchyma  found  in  the  cortex  of  certain  Loranthaceae.  It  is 
an  interesting  fact  that  the  sclerenchymatous  fibres,  which  are  found  running 
irregularly  in  the  mesophyll  in  many  species,  do  not  occur  in  the  cortex  in  these  same 
species,  such  elements  bemg  extraordinarily  rare  in  this  part  of  the  plant ;  it  is  only 
in  the  mesophyll,  of  course,  that  they  are  of  functional  importance.  It  remains  to 
mention  the  following  special  tjrpes  of  spicular  cells  observed  in  the  axis: 
(a)  the  crvstal-sclerenchyma,  found  in  certain  genera  of  the  Schizandreae  (Fig.  4^ 
p.  29)  and  Rubiaceae,  as  well  as  in  the  Combretaceous  genus  MacropUranthes  ;  th& 
crystal-sclerenchyma  in  these  forms  develops  in  the  same  way  as  in  the  Loranthaceae 
(see  above),  but  the  shape  of  the  elements  is  different  and  subject  to  variation ; 

a  the  elongated  sclerenchyniatous  cells,  occurring  in  the  pith  in  certain  Dilleniaceae, 
mlMretaceae,  and  Loganiaceae ;  {c)  the  sclerench3anatous  fibres,  which  run  in 
various  directions  in  the  primary  cortex  of  species  of  Prunus  (Rosaceae^) ;  (d)  the 
well-known  spicular  cells,  found  m  the  bast  of  the  Cinchona-hark^  and  the  elements 
of  a  similar  shape,  occurring  in  Ancistfodadus  and  Styrax  (Styraceae) ;  (e)  the  long 
sclerenchymatous  cells  present  in  certain  Apocynaoeae,  these  elements  having  thick 
walls  and  a  tuberculate  surface ;  (/)  the  bast-fibres  of  the  Quebracho-bark  ( Apocyna- 
ceae),  which  are  completely  enveloped  by  a  sheath  composed  of  a  single  layer  of 
cells,  each  containing  a  soUtary  oystaL  For  the  occurrence  of  ordinary  stone<<dls, 
groups  of  stone-cells,  'cnstarque  '-cells,  and  groups  of  sclerenchymatous  fibres  in  ttm 
pith  or  primary  cortex,  cf.  §§  40  and  5 1 ;  see  also  §  53. 

§  10.  Enlarged  Terminal  Tracheides  ^.  Enlarged  terminal  tracheides 
(i.e.  cells,  which  have  wide  lumina  and  are  either  spirally  thickened  or  have  thick 
pitted  walls)  are  in  general  only  of  specific  value ;  they  are  found  at  the  ends  of 
the  vascular  bundles  of  the  vems,  and  function  as  water-reservoirs. 

The^r  have  been  observed  in  certain  Capparideae  (Fig.  18,  p.  68),  Pol3rgaleae» 
Tamariscineae,  Hypericineae,  Guttiferae,  Temstroemiaceae,  Geraniaceae,  Rutaceae, 
Olacineae,  Celastrineae,  Papilionaceae,  Mimoseae,  Rosaceae,  Rhizophoraceae,  Com- 
bretaceae,  Lythnuieae,  Compositae,  Salvadoraceae,  Gentianeae  -  Menyanthoideae, 
Loranthaceae,  Santalaceae,  Euphorbiaceae  and  Balanopseae  *. 

§  II.  Storage-Tracheides  in  the  Ground  Tissue  of  the  Leaf  and  Axis. 
The  storage-tracheides  found  in  the  ground  tissue  have  the  same  physiological 
function  and  the  same  systematic  value  as  the  terminal  tracheides.  In  some  cases 
entire  groups  of  tissue  are  composed  of  such  elements,  e.g.  in  the  axis  of  Oudneya 
afficana^  R.  Br.  (Crudferae)  and  in  the  root  of  certain  species  of  Drosera^  in 


^  MoUer,  Rindenanatomie,  p.  369  et  seq. 
*  Hdnricher,  in  Bot.  Centraibl,  1885,  iii.  p.  35. 

'  The  above  enumeration  is  but  an  incomplete  one,  owing  to  the  £fict  that  the  term  <  enlarged 
tenninal  tracheides  *  has  not  always  been  interpreted  in  the  same  sense  by  different  authors. 
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which  the  outer  cortical  tissue  is  formed  by  cells  with  reticulate  or  spiral 
thickening  ;  in  this  relation  we  may  once  more  recall  the  reticulate  thickening 
of  the  paJisade-tissue  of  Clmia  rosea  and  other  features,  sdready  discussed  in 
%  6.  In  the  majority  of  cases  the  storage-tracheides  are  more  or  less  isolated, 
occurring  either  in  the  middle  of  the  ground  tissue  or  in  connexion  with  the 
vascular  S3^tem  or  the  secretory  organs. 

Special  storage-tracheides,  in  the  form  of  narrow  sac-shaped  elements  with  spiral 
thickening,  adjoin  the  ends  of  the  veins  in  Vochysia  tufa.  Mart.,  and  penetrate  m>m 
these  points  as  far  as  the  epidermis  of  the  leaf ;  short  spKiral  traicheides  are  found  in 
the  pith  of  Anacampseros  (Portulaceae) ;  isolated  spiral  and  annular  tracheae  are 
present  in  the  pith  of  Impatiens  (Geramaceae).  Wide  sac-shaped  spiral  tracheides 
(occasionally  side  try  side  with  sclerenchyma)  accompany  the  secretory  canals  of 
CalophyUum  (Guttiferae,  Fig.  27,  D,  p.  122),  which  run  freely  in  tiie  mesophyll ;  a 
similar  relation  to  secretoiy  cavities  is  shown  by  the  spiral  tracheides,  which  branch 
off  from  the  vascular  bunmes  of  the  veins  in  Cataipa  (Temstroemiaceae,  Fig.  29,  £, 
p.  129)  and  HaplophyUum  (Rutaceae).  The  spirally  thickened  spicular  films, 
running  irregularly  in  the  mesophyll  in  certain  Penaeaceae  (Fig.  175,  p.  723),  and  the 
spiraUy  thickened  spicular  fibres  of  certain  species  of  Microphhlis  (Sapotaceae)  have 
already  been  briefly  referred  to  in  §  9.  The  spiral  fibres  of  Microf  holts  are  doeely 
related  to  the  tubular  spiral  tracheides,  developed  in  the  mesophyll  of  OchUu>cosmos 
(Lineae),  Aciotis  annua,  Tr.  (Melastomaceae),  Macrocnemum  and  Peniagonia  (Rubia- 
ceae),  the  Nepenthaceae  (Fig.  164,  ^,  B,  p.  678)  and  Pogonophara  (Euphorbiaceae), 
as  well  as  in  the  pith  and  cortex  of  the  Nepenthaceae,  and  in  the  palisade-tissue, 
found  in  the  primary  cortex  of  species  of  Arthrocnemum  and  Salicomia  (Chenopo- 
diaceae).  Spiral  tracheides  of  exactly  the  same  type  accompany  theyasculsLr  bundles 
of  the  veins  m  Sommera  (Rubiaceae),  while  transitional  forms  between  such  tracheides 
and  ordinary  sderenchymatous  fibres  are  found  in  the  same  position  in  Emmotum 
(Oladneae)  and  Chomelia^  (Rubiaceae).  It  remains  to  mention  the  systems  of  tra- 
cheides, running  freely  in  the  mesophyll  and  independently  of  the  vascular  bundles 
of  the  veins  in  PeUdonyx  Thurberi  (Loaseae),  the  Opilieae  (Oladneae),  Nuyisia  and 
spedes  of  Loranthus  (Loranthaceae),  spedes  of  Osyris,  Quinchamalium,  Thesium, 
and  Myzodendfon  (Santalaceae),  and  the  rows  of  trachddes,  situated  on  dther  side 
of,  ana  paralld  to,  the  cortical  vascular  bundles  in  the  axis  of  the  Casuarineae 
(Fig.  186,  p.  788).  Regarding  the  nature  of  the  storage-trachddes  found  in  Boscia 
(Capparideae)  and  spedes  of  Bellucia^  HenrieUea^  and  Sonerila  (Melastomaceae), 
see  under  the  Orders  named. 


II.    Structure  of  the  Petiole. 

§  12.  The  Structure  of  the  Petiole  was  already  employed  for 
systematic  purposes  *  at  an  early  date,  but  its  systematic  value  has  frequently 
been  overestimated.  At  the  outset  it  was  to  be  presumed  that  the  number  of 
vascular  bundles  in  the  petiole  and  to  some  extent  also  their  arrangement 
(including  the  occurrence  of  medullary  and  cortical  vascular  bundles)  would 
depend  on  the  dimensions  of  the  leaf ;  it  has  moreover  been  shown  that  as  a 
general  rule  the  vascular  bundles  of  the  petiole  are  isolated  in  herbaceous  spedes 
and  fused  in  various  ways  in  woody  species. 

^  Cas.  de  CandoUe,  in  M^in.  Soc.  dephys.  et  dliiftt.  nat.  de  Geneve,  t.  xxvi,  a*  part.,  1879,  p.  437 
and  pi.  I,  a ;  Plitt,  Blattstiel  d.  Dicot,  Diss.,  Marbnrg,  1886,  5a  pp.  and  i  Tab. ;  Petit,  in M^m.  Soc 
sc.  pnys.  et  nat.  de  Bordeaux,  wh,  $,  t  iii,  1887,  p.  a  18,  and  6  pi.,  and  in  Act  Soc  Linn,  de  Bordeaux, 
t.  xliii,  1889,  p*  xi>  Me  also  in  Comptes  rendus,  t  dv,  1886,  and  Ann.  ic  nat,  s^.  7,  t  vi,  1887, 
p.  34a;  Lignier,  in  Bull.  Soc.  Linn,  de  Nonnandie,  1888,  p.  81,  and  Comptes  rendus,  t  cvii,  1888, 
p.  40a  ;  Acqua,  in  [Ann.  1st.  bot  di  Roma,  Vol.  iii,  fasc.  i,  1887,  35  pp.]  and  Malpighia,  i,  1887, 
p.  377 ;  Chatin,  in  Bull.  Soc  bot  de  France,  1897,  P*  4^4>  ^^  '^»  PP-  ^37)  '45>  ^^5»  M^»  *^^ 
310 ;  Bouy^es,  Various  papers  in  Act.  Soc  Linn.  Bordeaux,  M,  Ivii,  and  Iviii,  1901-3,  especially 
the  '  Th^,  Paris,  190a  (Cert,  formes  vase  anomales  du  p^iole  des  DicotyUd.)*  contained  in  t.  Ivii ; 
Col,  in  Ann.  sc.  nat.,  s^.  8,  t  xx,  1904,  p.  1,  and  Comptes  rendus  Acad.  Paris,  cxxxvi,  1003, 
p.  516;  finally,  Van  Tieffhem*s  numerous  systematic  papers,  in  which  the  structure  of  the  petiole  ii 
often  profitably  employed  for  systematic  purposes. 


Digitized  by 


Google 


I094  CONCLUDING  REMARKS 

In  most  cases  the  structural  features  just  mentioned  can  be  used  (mly  for 
purposes  of  specific  diagnosis,  but  they  are  occasionaUy  of  greater  systematic 
value.  Thus,  a  transverse  section  through  the  apex  of  Uie  petiole  of  any  of  the 
Dipterocarpeae  shows  a  closed  ring  of  wood  and  bast,  surrounding  a  tissue 
iKduch  resembles  a  pith  and  encloses  a  vascular  system  of  varied  structure ; 
again,  the  genera  of  the  Dipterocarpeae,  the  subdivisions  of  the  Le<^thidaceae, 
the  genera  of  the  Salicineae,  the  genera  and  generic  groups  of  the  Cupnliferae, 
can  all  be  distinguished  with  the  help  of  the  structure  of  their  petiole. 

In  an  investigation  of  the  structure  of  the  peticde  it  is  of  course  requisite 
that  analogous  portions  be  compared  with  one  another  (unless  the  entire  course 
of  the  vascular  system  is  followed  up, — an  arduous  task,  which  generally  does  not 
repay  the  amount  of  labour  involved  and  cannot  always  be  undertaken  owing  to 
lack  of  the  necessary  material),  since  the  appearance  of  the  transverse  section 
may  vauy  at  different  points  in  the  course  of  the  petiole.  Petit's  investigations 
in  particular  have  helped  to  show  that  the  most  suitable  points  at  which  to 
examine  the  petiole  are  its  base  and  especially  its  apex ;  we  may  follow  Petit  in 
describing  the  transverse  sections  takoi  through  these  particular  regions  respec- 
tively as  the  '  initial '  ('  initiale ')  and  '  charactaistic  ('  caract&istique ').  A 
point  of  special  importance  appears  to  be  the  number  of  vascular  bundles  \ 
passing  out  from  the  stem  into  the  leaf  or  petiole,  as  the  case  may  be. 

An  anomalous  differentiation  of  the  fibrovascular  system  of  the  petiole 
is  connected  with  the  occurrence  of  what  are  called  'rayed  btmdles'  ('Faisceaux 
rayonn^s ')  and  '  true  concentric  or  hemiconcentric  bundles  *  ('  Faisceaux  con- 
centriques  ou  h^miconcentriques  vrais  *)\  The  first  anomaly  has  been  reccM^ded 
in  the  Cruciferae  '.  A  transverse  section  through  the  petide  in  this  Order  shows 
a  tissue-svstem,  which  has  a  lobed  outline  and  is  composed  of  radially  arranged 
vascular  bundles  with  intervening  tissue  consisting  of  small  thin-walled  cells,  the 
whole  being  surrounded  by  a  tissue  made  up  of  large  cells  with  thin  walls ;  the 
whole  of  the  lobed  tissue-system  arises  from  a  single  procambial  strand.  In  the 
case  of  the  second  anomaly,  the  petiolar  tissue  contains  several  vascular  bundles^ 
which  are  completely  or  incompletely  ccmcentric  (with  a  central  xylem-mass), 
and  in  most  cases  are  provided  with  an  endodermis,  distinguished  by  tiie  presence 
of  Caspary's  dots  ;  in  other  words,  we  have  a  kind  of  polystely  (cf.  $  55). 

The  second  anomaly  has  been  observed  in  certain  Rosaceae,  Saxifragaceae, 
Hamamelideae,  Halorageae  (Gunnera  pro  parte),  Valerianeae,  Campanulaceae^ 
Primulaceae,  Gesneraceae,  Acanthaceae  and  Labiatae. 

The  pulvinl  ('  Schwellpolster '),  which  occur  at  the  bases  of  the  petioles  or 
of  the  stalks  of  the  individual  pinnae,  for  example  in  many  Menispermaceae, 
L^^tmiinosae,  Oxalideae  and  Zygophylleae,  show  few  noteworthy  points  of 
difference  in  structure  *. 

On  the  other  hand,  from  the  systematic  point  of  view,  it  remains  to  consider 
the  sderenchjnnatous  tissue,  accompan)dng  the  fibrovascular  system  cm  its 
outer  side,  and  perhaps  also  the  pith-like  ground  tissue  enclosed  by  the  vascular 
system.  The  sclerenchyma,  accompanying  the  vascular  tissue,  shows  features 
similar  to  those  exhibited  by  the  sderench5m[ia  found  in  the  larger  veins.  The 
outer  ground  tissue,  which  forms  a  continuation  of  the  primary  cortex  of  the 
stem,  commonly  repeats  the  structural  features  presented  by  the  latter,  while 
the  inner  ground  tissue  shows  the  same  type  of  structure  as  the  pith. 


'  See  alto  especially  Chatin,  IL  cc.  *  Bovygues,  loc  dt. 

*  Similar  types  of  strnctnie,  shown  by  the  fibrovascular  system  of  the  petiole,  are  termed 
* Pseudo-faisceaiix  rayonn^'  by  Boaygnes;  they  differ  from  the  'Faisceaux  rayonn^s*  in  their 
coarse  of  development 

*  See  Haberlandt,  Physiol.  Pflanzenanat.,  1904,  p.  490,  and  the  papers  by  SdiwendeMr,. 
Haberlandt,  Mobins  and  Pantanelli  there  cited  (under  1 1) ;  also  Prenss,  Bezieh.  zwisdien  dem  anat. 
Ban  n.  der  physiol.  Funktion  d.  Blattstiele  n.  Gelenkpolster,  Diss.,  Berlin,  18S5, 38  pp. 
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III.    Secretory  and  Excretory  Receptacles. 

S  13.  General  Points  about  Secretory  Receptacles*.  The  great 
systematic  value  of  the  secretory  receptacles  was  recognized  at  an  early  date. 
In  emplo3dng  these  elements  for  systematic  purposes  we  have  in  the  first  place 
to  determine  their  nature  (secretory  cells,  secretory  cell-fusions,  secretory 
cavities,  secretory  canals),  but,  apart  from  this,  their  contents*  and  their  position 
within  the  plant  also  come  into  consideration.  All  these  features  are  of  great 
importance ;  they  are  often  characteristic  of  entire  Orders  or  at  least  of  mbes 
or  genera,  although  in  some  cases  they  only  serve  to  distinguish  species. 

As  regards  the  occurrence  of  the  secretory  receptacles  m  the  different  parts 
of  one  and  the  same  species,  we  may  note  at  this  point  that  in  most  cases  the 
same  types  of  secretory  receptacles  are  present  in  all  the  vegetative  and  repro- 
ductive organs  of  the  plant.  We  do,  however,  sometimes  find  that  the  secretory 
receptacles  are  confined  to  certain  organs  of  the  plant  (such  as  stem,  lea^  root 
or  flower),  or  that  different  types  of  secretory  receptacles  are  present  in  the 
different  parts  of  the  plant.  Tlius  in  the  Hypericineae,  for  example,  the  secre- 
tory cavities  of  the  leaf  are  replaced  by  secretory  canals  in  the  axis,  and  similarly 
in  the  Rutaceae  the  secretory  cavities  of  the  leaf  give  way  to  secretory  cells 
in  the  bast  of  the  axis.  In  the  same  way  as  different  types  of  secretory  organs 
may  occur  in  one  and  the  same  species,  various  Idnas  of  internal  secretory 
organs  may  be  found  in  different  species  or  genera  belonging  to  the  same  Order. 

Apart  from  those  secretory  receptacles  which  are  typically  differentiated, 
attention  should  also  be  paid  to  the  distribution  of  tannin  in  the  ordinary  ceUs 
of  a  tissue.  Very  striking  features  are  afforded  by  the  way  in  which  the  dry 
cortex  or  mesopbyll  is  fiUed  with  reddish-brown  phlobaphenes  in  herbarium- 
material  of  a  certain  species,  genus  or  Order,  while  such  substances  are  wanting 
in  other  species,  &c. 

The  following  is  an  enumeration  of  the  Orders  and  genera  in  which  special 
internal  secretory  organs '  have  not  hitherto  been  observed :  Ranunculaceae, 
Dilleniaceae  ?,  Berberideae,  Sarraceniaceae,  Cistineae,  Tremandreae,  Pblygaleae?, 
Frankeniaceae,  Caryophylleae,  Tamarisdneae,  Lophira^  Rhaptopetalaceae  ?,  lineae, 
Humiriaceae,  Malpi^niaceae  ?,  Ochnaceae  incL  Luxembumaceae,  Chaillefiaceae  ?, 
Octocnemaceae,  Uicineae,  Cyrilleae,  Pentaphylacaceae,  Corynocarpaceae,  Stack- 
housieae  ?,  Melianthaceae,  Staphyleaceae,  Sabiaceae,  Coriarieae,  Crossosomataceae, 
Droeeraceae,  Ostrearia^  Bmniaceae,  Halorageae,  Rhizophoraceae,  Melastomaceae 
(apart  from  tannin-icUoblasts),  Onaf;rarieae,  Loaseae,  Tumeraceae  ?  (apart  from 
tannin-cells),  Cucurbitaceae  ?,  Beeomaceae  ?,  Datisceae,  Calycereae,  CandcAleaceae  ?, 
Vacdniaceae,  Ericaceae,  Epacrideae,  Diapensiaceae,  Lennoaceae,  Plumbi^pneae, 
Ebenaceae,  Oleaceae,  Salvadoraceae,  Logamaceae,  Desfontainea,  Phco&perma,  Gentia- 
neae  ?  (apart  from  secretion  contained  in  intercellular  spaces),  Polemoniaceae  (apart 
from  secretion  contained  in  intercellular  spaces),  Hydrophyllaceae,  Boragmeae, 
Nolaneae,  Solanaceae  ?,  Retjria,  Scrophularmeae  (apart  from  tannin-idioblasts), 
Orobanchaceae,  Lentibularieae,  ColumelUaceae,  Hgnoniaceae,  Pedalineae,  Acan- 
thaceae  ?,  Zombiana,  Selagineae,  Plantagineae,  lUecebraceae,  Amarantaceae,  Cheno- 
podiaceae,  Ph3rtolaccaceae,  Batideae,  Nepenthaceae,  Thymeiaeaceae,  Penaeaceae, 
Ueissoloma,  Elaeagnaoeae,  Santalaceae,  Mysodendron,  Champereia^  Grubbia,  Balano- 


*  The  tam  '  secretory  reoeptftclet'  it  here  understood  to  comprise  cells,  oell-fiisioiis,  or  inter- 
cellular spaces,  which  are  filled  with  a  secretion. 

*  Mangin,  Classification  des  mndlages,  BulL  Soc.  bot.  de  France,  1804,  p.  zl;  Tsdiixch,  Die 
Harze  u.  die  Harzbehalter,  Leipzig,  1900 ;  Molisdi,  Milchsaft  n.  Schleimsan,  Jena,  looi. 

'  In  this  ennmeratioQ  gelannixed  epidermal  cells  and  mesophyll-cells  proricfed  with  local 
fwdlings  (for  these  cf.  |{  a  and  6)  are  not  taken  into  considerati<m ;  ordinary  taiminiferons  cells, 
that  is  to  say  cells,  whidi  are  not  distinguished  by  their  shape  or  size,  and  are  filled  with  brown 
contents  in  herbarium-material,  are  likewise  not  taken  into  account. 
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ghoreae,  Daphniphyllaceae,   Balanopseae,  Thelygoneae,  Piatanaceae,  Juglandeae, 
[yricaceae  ?,  Cs^uarineae,  Cupuliferae*  Salicineae,  Ladstemaceae,  Empetraceae, 
Ceratophylleae  (apart  from  tannin-cells). 

§  14.  Secretory  Cells  ^.  This  term  is  taken  to  include  all  such  ceUs  as 
contain  secretion  and  appear  as  idioblasts,  owing  to  their  shape  or  their  contents, 
or  both  shape  and  contents,  with  the  exception  of  mucilage-cells  and  latidferous 
cells,  which  will  be  discussed  separately  in  S§  15  and  20. 

The  shape  of  the  secretory  cells  varies.  In  some  cases  they  appear  as  dis- 
tinct idioblastSy  which  are  spherical,  ellipsoidal,  branched  or  sac-shaped,  and 
vary  in  length,  while  commonly  ^ving  rise  to  pellucid  dots  in  the  leaf ;  in  other 
cases,  however,  they  differ  but  httle  from  the  neighbouring  cells  or  are  distin- 
guished merely  by  their  contents.  The  sac-shaped  secretory  cells  are  frequently 
arranged  in  rows,  while  the  spherical  secretory  cells  of  the  leaf  are  often  replaced 
by  elongated  cells  in  the  axis  (especially  in  the  bast)  of  the  same  species.  The 
contents  are  resinous,  oily,  gummy,  or  resemble  latex  or  caoutchouc ;  in  other 
cases  they  are  tanninif erous,  and  are  then  coloured  brown  in  herbarium-materiaL 
The  cell-wall  is  occasionally  suberized  or  provided  with  a  suberized  lamella. 

The  detailed  structure  of  the  secretory  cells  of  certain  Magnoliaceae,  CaneUaceae, 
Aristolochiaceae,  Piperaceae  and  Laurineae,  which  are  filled  with  a  resinous  or  oily 
secretion,  is  speciaUy  noteworthy  ;  their  secretory  contents  are  enveloped  by 
a  thin-walled  sheath  ('  pouch '),  which  is  formed  from  the  wall  of  the  vacuole 
by  a  change  in  its  substance,  and  is  connected  with  the  cell-wall  by  means  of  a 
stalk  ('  bs^in '  or  '  funnel '),  which  constitutes  a  thickening  of  the  membrane*. 
These  secretory  cells  are  doubtless  very  closely  related  to  the  (paired)  cystospheres 
of  certain  Begoniaceae',  which  are  dealt  with  in  §  28.  The  secretory  ccJls  of  Pogo- 
stemon  Patchouli  (Labiatae),  which  are  differentiated  as  true  internal  glandular  hairs, 
may  also  receive  special  notice  at  this  point ;  they  are  provided  with  a  short  stalk, 
mostly  composed  of  two  or  three  low  cells  havmg  suberized  walls,  and  project 
into  the  intercellular  spaces ;  the  abundant  secretion  accumulates  chiefly  between 
the  cuticle,  which  is  raised  like  a  bladder,  and  the  cellulose-membrane. 

As  regards  the  position  of  the  secretory  cells  in  the  different  tissue-S3rstems  it 
may  be  pomted  out  that  the  occurrence  of  tliese  elements  in  the  epidermis  (especially 
in  the  leaf)  has  proved  to  be  of  systematic  value.  It  must,  however,  be  borne  in  mind 
t^t  secretory  cells,  which  are  apparently  situated  in  the  epidermis,  but  belong  to 
the  subepidermal  tissue  (having  pushed  their  way  secondarily  between  the  epidermal 
cells  by  a  process  of  sliding  growth),  can  in  some  cases  be  distinguished  with  certainty 
from  true  epidermal  secretory  cells  only  by  a  study  of  their  course  of  development . 

Secretory  cells  sometimes  characterize  entire  Orders,  these  being  indicated 
by  a  ♦  in  the  following  synopsis  ;  in  other  cases  they  are  at  least  distinctive  of 
genera  or  species. 

I.  Secretory  cells,  of  various  shapes,  with  resinous  (oily),  latex-like  or 
other  contents  (apart  irom  very  much  elongated  secretory  cells,  filled  with  similar 
contents,  which  are  enumerated  under  II),  have  been  observed  in  the  following 
Orders  and  genera  respectively :  *Calycanthaceae  (resin-cells,  rounded  in  the  leaf), 
^'Magnoliac^  (resin-cells,  rounded  in  the  leaf  and  occasionally  also  in  the  wood), 
Trochodendraceae  (branched  and  elongated  resin-cells),  *Lactoridaceae  (resin-cells» 
rounded  in  the  leaf),  *Anonaceae  (resin-cells,  rounded  in  the  leaf  and  occasionally 
also  in  the  wood),  Menispermaceae  (sac-shaped  secretory  cells  of  varied  length  and 


*  De  Bary,  Vergl.  Anat.,  1877,  p.  152;  Zacharias,  in  Bot.  Zcit.,  1879,  PP-  ^^7  *n<i  ^33? 
Biermann,  Olzellen,  Diss.,  Bern,  1898,  also  in  Archiv  d.  Phann.,  1898,  p.  74. 

*  Berthold,  Protoplasmamechanik,  Leipzig,  1886,  p.  35;  Haberlandt,  PhysioL  Pflanzenanat, 
1904,  p.  46a ;  R.  Miiller,  in  Ber.  deutsch.  bot.  Gesellsch.,  1905,  p.  292. 

'  Cf.  the  detailed  statements  on  this  point  in  FeUerer,  Beitr.  z.  Anat.  u.  Syit  d.  Begoniaceae, 
Diss.,  Miinchen,  189a,  p.  41  et  seq.  and  Tab.  i;  this  paper  also  deals  with  theconne  ol*  development 
of  these  structures. 

*  See  R.  Miiller,  in  Ber.  deutsch.  bot.  Gesellsch.,  1905,  p.  39a. 
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provided  with  brown,  gummy  or  other  contents  in  the  leaf  and  axis)»  *N3rmphaeaceae 
(isodiametric  or  elongated  latidferous  sacs,  occasionally  arranged  in  rows),  Papa- 
veraceae  (latidferous  sacs,  as  in  the  previous  case),  Fumariaceae  (sac-shaped  cells, 
often  very  long  and  likewise  arranged  in  rows),  Capparideae  (Cleomeae  with  secre- 
tory cells  in  the  neighbourhood  of  the  vascular  bundles  of  the  veins),  *Canellaceae 
(resin-cells,  rounded  in  the  leaf),  Bixineae  (sac-shaped  and  branched  resin-cells), 
Polygaleae  (oil-cells  only  in  '  Radix  Senegas '),  Elatineae  (resin-cells),  Temstroe- 
raiaceae,  Ancistrocladus  (cortex),  Tiliaceae  (rounded  resin-cells),  lineae  (pith  and 
cortex  of  Erythroxylon),  Geraniaceae  (rounded  secretory  cells),  Rutaceae  (resin-cells, 
only  in  the  axis),  Siniarubaceae  (resin-cells,  in  part  only  in  the  axis),  ^'Meliaceae 
(spherical  to  sac-shaped  or  branched  resin-cells,  occasionally  arranged  in  rows), 
Oladneae,  Sapindaceae  (often  latidferous,  isolated  and  of  varied  shape  or  arranged 
in  rows,  very  widely  distributed),  Hippocastanaceae  (resin-cells,  rounded  in  the  leaf), 
*Aceraceae  (with  latex-like  or  other  contents,  probably  always  present  in  the  bast 
of  the  veins,  but  also  occurring  freely  in  the  mesophyll  and  in  the  axis),  Connaraceae, 
Papilionaceae,  C^aesalpinieae,  Mimoseae  (various  t3rpes,  occasionally  with  gelatinized 
membranes),  Saxifrac^aceae  (elongated  secretory  cells  only  in  the  pericycle  of  Abro- 
phyllum)^  Hamamelideae  (Altingieae,  not  differentiated  as  idioblasts),  Mytothamntts 
(spherical  resin-cells),  M3rrtaceae-Lecythidaceae  ?  (Napoleonea),  Samydaceae  (very 
rare,  in  Casearia,  here  side  by  side  with  secretor>r  cavities),  Comaceae  (only  in  the  veins 
of  the  leaves  of  spedes  of  Nyssa)^  Rubiaceae  (resin-cells),Valerianeae  (only  in  the  root), 
Compositae,  CandoUeaceae  (indistinctly  differentiated),  Plumbagineae  (cc^lsin  the  stem 
and  root  filled  with  plumb2^;in),  Primulaceae  (red  contents,  in  part  only  in  the  root), 
M3nrsineae  (red  contents),  ^'Sapotaceae  (latidferous,  the  latex  occasionally  containing 
crystal-sand  ;  dongated  cells,  sometimes  arranged  in  rows),  Brachynema  (blood-red 
contents  in  rows  of  cells,  situated  in  the  primary  cortex),  Apocynaceae  (rare,  in  the 
cortex  ;  also  a  layer  of  secretory  cells  beneath  the  pal^ade-tissue  in  certain  spedes), 
Asclepiadeae  {Solenostemma),  Convolvulaceae  (frequently  latidferous,  solitary  secre- 
tory cells  and  rows  of  secretory  cells,  the  latter  almost  of  general  distribution), 
'H^uscuteae  (resin-cells),  Verbenaceae  (Congea  and  5ym/>Aor^ma),  JLabiatae  (sac-shaped 
resin-cells  ;  in  Pogostemon  in  the  form  of  typical  internal  glandular  hairs),  Polygo- 
naceae  ?  (probably  merely  secretory  cavities),  *Aristolochiaceae  (rounded  resin-cdOs, 
of  frequent  occurrence  in  the  epidermis  of  the  leaf,  occasionally  as  basal  cells  of  the 
hairs,  not  always  present  in  the  leaf),  ♦Piperaceae  (rounded  resin-cells),  ♦Chlorantha- 
ceae  (as  in  the  previous  case),  *Myristicaceae  (as  in  the  Piperaceae,  occasionally 
with  gelatinized  membranes),  *Monimiaceae  (as  in  the  Piperaceae),  ^'Laurineae  (as 
in  the  Rperaceae,  occasionally  also  in  the  wood),  *Hemandiaceae  (as  in  the  Pipera- 
ceae), *Ciomortegaceae  (as  in  the  Piperaceae),  Euphorbiaceae  (rows  of  latidferous 
sacs,  and  oil-cells,  the  latter  occasionally  differentiated  like  hairs.  Fig.  180,  p.  748), 
Buxaceae  (not  very  typically  differentiated),  Moraceae  (spherical  secretory  ceUs), 
Myricaceae  (rare).  We  may  add  that  the  rows  of  latidferous  sacs  found  in  certain 
Sapotaceae  and  (Convolvulaceae  show  transitions  to  latidferous  vessels  (see  §  21). 

We  may  also  mention  the  following  elements  at  this  point :  (a)  cells,  containing 
myrosin  (myrosin-cells  ^)  and  differing  more  or  less  from  the  nd^hbouring  cells, 
probably  occur  in  all  Crudferae,  and  have  b^n  recorded  also  in  certam  Capparideae, 
Resedaceae,  and  Geraniaceae,  as  well  as  in  Bretschneidera,  Moringa,  and  tne  genus 
Scorodophloeus  (Caesalpinieae) ;  (6)  dongated  spicular  cells,  some  of  which  at  least 
are  filled  with  contents,  are  found  in  the  pith  of  certain  Dilleniaceae  and  spedes  of 
Combretum  ;  (c)  peculiar  strands  of  secretory  cells,  which  appear  as  ribs  even  to  the 
naked  eye,  occur  in  the  axis  of  Stocksia  (Sapindaceae),  ana  similar  strands  of  secre- 
tory cells,  in  which  the  inner  cells  subsequently  become  resorbed  and  replaced  by  a 
secretory  canal,  are  present  in  Prosopanche  (Cytinaceae) ;  lastly  {d)  groups  of  glan- 
dular cells  have  been  observed  in  the  mesophyll  in  Meter ophyllaea  (Rubiaceae). 

II.  Elongated  secretory  sacs  have  been  observed  in  the  pith,  bast,  or  pmcycle 
of  the  stem,  and  occasionally  also  in  the  larger  vdns  of  the  leaf  in  certain  members 


^  In  addition  to  the  papers  of  Heinricher,  Gnignard,  Spatxicr,  Radlkofer,  &c.,  which  are  cited 
in  the  lists  of  literature  belonging  to  the  respective  Orders,  tee  espedally  Hartwich,  Bnbimbirinde, 
Zeit  d.  dentsch.  Apothekerver.,  1902,  p.  339.  In  this  paper  sniphnr-containing  oils  are  stated  to 
occur  in  certain  members  of  the  following  Orders:  Bombaceae  ( Malvaceae),  Caesalpinieae, 
Capparideae,  Caricaceae  (Passifloraceae),  Cmdferae,  Euphorbiaceae,  Labiatae,  Limnanthaoeae 
(Geraniaceae),  Meliaceae,  Moringeae,  Phytolaocaceae,  Resedaceae,  Rubiaceae,  Tropaeolaceae 
(Geraniaceae),  Umbelliferae. 


Digitized  by 


Google 


1098  CONCLUDING  REMARKS 

of  the  Orders  enumerated  below ;  most  of  these  elements  resemble  the  weQ-known 
tannin-sacst  found  in  the  pith  of  the  elder,  but  in  some  cases  they  are  shorter,  and  are 
then  often  arranged  in  rows ;  their  contents  are  mostly  brown  and  tanninilenwis 
or  latex-like  or  resinous.  The  Orders  in  question  are:  Trochodendraceae, 
Menispermaceae,  Berberideae? ' ,  Hippocrateaceae,  Anacardiaceae,  Connaraceae, 
Pi^sitionaceae  (very  widely  distributed.  Fig.  56,  p.  259),  Mimoseae  (with  diveiae 
contents)*  Chrysobalaneae,  Crassulaceae,  Lec3rthiaaceae,  Passifloraceae*  Ca{»ifolia- 
ceae,  Rubiaceae(in  part  resembling  bast-fibres),  Dipsaceae,  Compositae,  Polygooa- 
ceae,  Myristicaceae,  Monimiaceae,  and  Euphorbiaceae.  In  certain  Compoeitae 
(Gaxanta^  Atractylis,  and  Carlina)  one  finds  transitional  forms  between  the  elements 
in  question  and  latidferous  vessels ;  in  the  group  Compodtae-Cynaroideae  €be 
secretory  sacs  and  secretory  canals  are  vicarious  in  their  occurrence  in  one  and  the 
same  species  {for  details,  see  under  Compositae,  pp.  959, 960).  See  also  §  20,  p.  1 103 
under  *  secretory  organs  resemUing  latidferous  cells. 

Similar  long  secretory  sacs  with  brown  contents  have  been  observed  in  the 
^)idermis  of  the  leaf  (cf.  f  2)  in  certain  ^olaiieae*  Geraniaceae,  Saxifragaoeae, 
Crassulaceae  and  Euphorbiaceae,  and  in  the  uppermost  la^rers  of  the  mesophyll  in 
certain  Crassulaceae  and  Ficoideae,  while  sac-shaped  mudlage-cells  occur  in  the 
epidermis  of  the  leal  of  Tropaeolum  (Geraniaceae). 

Tannln-idioblaats,  the  shape  of  which  is  similar  to  or  differs  from  that  of  the  ele- 
ments previously  discussed,  are  found  in  the  leaf  (here  conunonly  in  the  form  ai  en- 
larged cells  of  the  palisade-tissue)  or  axis,  in  representatives  of  the  following  Orders: 
Violarieae  (mesophyll),  Zygophylleae( mesophyll),  Geraniaceae  (mesophyllK  ChaiDe- 
tiaceae  (meso^yll),  Celastrineae  (mesophyll),  Hippocrateaceae  (mesophyll  and  bast 
of  the  axis),  Stackhousieae  (leaf  and  axis),  Rhamneae  (mesophyll),  Dioiereae  (leaf 
and  axis),  Papilionaceae  (leaf  and  axis),  Melastomaceae  (leaf),  Tumeraceae  (scattered 
mups  of  tannin-cells  in  the  leaf,  idioblasts  in  the  cortex),  Passifloraceae  (mesophyll), 
Kubiaceae  (mesophyll  and  bast),  Monotropeae  (axis),  Gentianeae  (rhizome),  Sola- 
naceae  (root),  Scrophularineae  (mesophyll),  Nycta^eae  (enlarged  cells  in  the  ^- 
dermis  of  the  leaf),  Polygonaceae  (branched  cells  in  the  cortex),  Aristolochiaceae 
(mesophyll),  Hperaceae  (mesophyll),  Euphorbiaceae  (leaf  and  axis)»  Moraceae 
(mesophyll),  Ceratophylleae  (cortex  and  mesophyll). 

§  15.  Mucilage-Cells.  The  gelatinization  of  epidermal  and  hypodermal 
cells  has  already  been  discussed  in  §2  (p.  1074),  and  at  this  point  I  projXKe  to  con- 
sider only  those  mucilage-cells  which  occur  outside  the  int^;amental  tissue.  The 
mucilage  contained  in  these  elements  is  in  almost  all  cases  membrane-mucilage, 
which  arises  by  the  gelatinization  either  of  the  entire  cell-wall  or  only  of  a  part 
of  it.  The  mucilage  appears  to  be  derived  from  the  contents  only  in  the  Ampe- 
lideae,  Onagrarieae,  and  Rubiaceae,  in  which  the  receptacles  in  question  can  be 
interpreted  as  incompletely  differentiated  raphide-sacs  (i.e.  witlwut  raphides) ; 
the  much-discussed  mucilage  of  the  (iacteae  is  probably  membrane-mudlage. 

Mucilage-cella  have  been  demonstrated  in  the  tiame  of  the  leaf  in  certain  species 
of  the  following  Orders  and  genera :  Magnoliaceae,  Anonaceae,  Capparioeae  ?, 
Resedaceae,  Bixmeae,  Portulaceae,  Temstroemiaceae,  Strasburgeria,  Dipterocarpeae 
(also  cells  having  a  gelatinized  membrane  and  containing  a  soli^iiy  crystal),  Chlaena- 
ceae,  Malvaceae,  Sterculiaceae,  Z3rgophylleae,  Simarubaceae,  EutMmtSf  Burseraceae, 
Meliaceae,  Oladneae,  Hippocrateaceae,  Rhamneae,  Ampelideae,  Didierea^  Aceraceae, 
Connaraceae  ?,  Papilionaceae,  Cai^alpinieae,  Rosaceae,  Rhizophoraoeae  (Fig.  74, 
^  340)»  Melastomaceae,  Lythrarieae,  Onagrarieae,  Rubiaceae,  Apocjmaceae, 
Gentianeae,  Acanthaceae,  Basellaceae,  Fhytolaccaceae,  Laurineae  (very  widely  dis- 
tributed, absent  in  the  related  Monimiaceae),  Hemandiaceae,  Gonysfylus,  Octol&pis, 
Ulmaceae,  and  Moraceae.  Regarding  gelatinization  of  the  spongy  tissue  and  peculiar 
thickenings  of  the  cells  of  the  mesophyll,  which  are  restricted  to  certain  parts  of  the 
cell-wall  and  have  a  mucilaginous  appearance,  see  §  6,  p.  1068. 

Mucilage-cells  are  present  in  the  axis  (pith,  bast,  or  primary  cortex)  in  certain 
species  of  the  following  Orders  or  genera:  Schizandreae,  species  of  Tovixnal?}, 
Resedaceae,  Violarieae,  Bixineae,  Vocnysiaceae,  Portulaceae,  Strasburgeri€h  Dipto»- 
carpeae,  Monotes,  Chlaenaceae,  Malvaceae,  Sterculiaceae,  Tiliaceae,  Simarubaceae, 
Euthemis^  Burseraceae,  Chailletiaceae,  Pentaphylacaceae,  Rhamneae,  Ampelidaceae» 

^  Holm  has  lately  described  *  secretory  dacts'  in  Caulophyllum  tkalictrmdes,  Midix.  (tee 
Merck's  Report  xyl,  1907,  pp.  94-6.) 
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Didiereae,  Staphyleaceae,  Papilionaceae,  Rosaceae,  Saxifragaceae,  Cacteae,  Apocy- 
naceae,  Basellaceae,  Laurineae,  Thymelaeaceae(Go«>'S/y/M5,  OcioUpis),  Euphorbiaceaer 
Ulmaceae. 

§  16.  Mucilage-Cavities.  Mucilage-cavities  generally  arise  from  groups 
of  gdatinized  cells,  and  it  is  frequently  impossible  to  draw  a  sharp  limit  between 
the  former  and  the  latter ;  similarly,  one  finds  transitions  between  mucilage- 
cavities  and  mucilage-canals.  It  remains  doubtful  whether  the  mucilage- 
cavities,  which  are  situated  above  the  xylem  in  the  veins  of  certain  species 
of  Terminalia  (Combretaceae)  and  are  provided  with  an  epithelium,  are  schizo- 
genous  in  origin. 

Mucilage-cavities  have  been  observed  in  certain:  Magnoliaceae  ?  (veins  of  the 
leaf),  Dipterocarpeae  (primary  cortex,  petiole),  Monotes,  Chlaenaceae,  Malvaceae 
(pith,  cortex,  petiole),  Triplochitonaceae  (cortex,  veins  of  the  leaf),  Sterculiaceae  (as 
in  the  Malvaceae),  Tiliaceae  (as  in  the  Malvaceae,  the  cavities  sometimes  resembling 
c&i^^)»  Zygophylleae  (cortex,  the  contents  including  crystals),  Rutaceae  (primary 
cortex ;  in  ue  wood  in  Evodia  ruiaecarpa.  Hook,  f  .  et  Th.  and  Zanthoxylon  Budrunga, 
Wall.),  Simarubaceae  (pith,  prim,  cortex,  petiole,  and  veins  of  the  leaf ),  Oladneae  (in 
the  soft  tissue  of  the  axis  of  Phytocrene)^  Rhamneae  (widely  distributed),  Didierea 
(prim,  cortex),  AUuaudia  (prim,  cortex),  Anacardiaceae  (prim,  cortex),  Morin^eae 
(cortex),  Connaraceae  (prim,  cortex),  Papilionaceae  (secondary  cortex  and  pith), 
Caesalpinieae  (gum-lacunae  in  the  wood  of  Burhea  africana)\  Combretaceae  (phloem 
of  the  axis  and  veins  of  the  leaf),  Apoc3maceae  (various  tissues  of  the  axis,  also 
in  the  leaf),  Asclepiadeae  (cortex  of  the  root),  Euphorbiaceae  (cortex,  see  §  15). 

§  17.  Mucilage-Canals.  The  mucilage-canals  develop  schirogenously  or 
(as  in  most  cases)  lysigenously.  The  presence  of  a  distinct  epithelium  in  the 
mucilage-canals  is  no  more  an  absolutely  certain  criterion  of  their  schizogenous 
origin,  than  it  is  in  the  case  of  the  secretory  cavities  and  secretory  canals,  to  be 
discussed  in  §§  18  and  19.  The  mucilage-canals  occur  in  the  pith  and  primary 
cortex ;  in  the  older  axes  of  certain  Sterculiaceae  and  of  the  PapiHonaceous 
genus  Henniniera  they  are  found  in  the  wood.  In  some  cases  they  are  present 
also  in  the  veins  of  the  leaf. 

The  occurrence  of  mucilage-canals  is  confined  to  certain :  Violarieae,  Bixineae, 
Vochysiaceae,  Guttiferae,  Quiineae,  Malvaceae,  Sterculiaceae  (sometimes  in  the 
wood),  Olacineae,  Rhamneae,  AmpeUdaceae,  Moringeae,  PapiHonaceae  (in  the  wood), 
Rosaceae,  Combretaceae,  Lecythidaceae,  Cacteae,  Piperaceae,  Chloranthaceae, 
Lanrineae  {C<issyiha\  Loranthaceae,  Moraceae  and  Urticeae. 

S  18.  Secretory  Cavities^.  The  term  secretory  cavity  is  here  used  to 
comprise  intercellular  secretory  spaces,  which  are  spherical  or  ellipsoidal  in 
shape  and  have  contents,  which  are  not  mucilaginous  (see  §  16),  but  in  other 
respects  vary  in  character  (being  resinous,  oily,  gummy,  crystalline  or  brown  and 
tanniniferous) ;  the  mode  of  development  of  the  cavities  (whether  schizogenous, 
lysigenous  or  schizolysigenous)  is  left  out  of  consideration.  The  secretory 
cavities  often  give  rise  to  transparent  dots  in  the  leaf,  or  more  rarely  to  what 
are  called  *  opaque '  dots.  Tliey  are  not  always  equally  abundaiit  in  the 
different  parts  of  the  leaf,  and  are  occasionally  confined  to  its  margin.  In  the 
axis,  they  are  generally  found  in  the  pith  and  priniary  cortex,  and  have  hitherto 
been  observed  in  the  bast,  only  in  Casearia  grandiflara  (Samydaceae)  and  a  few 
species  of  Eucalyptus  (Myrtaceae) ;  in  some  cases,  moreover,  their  place  in  the 
axis,  and  especially  in  the  bast,  is  taken  by  secretory  cells  (e.g.  in  the  Rutaceae) 
or  secretory  canj^  (e.g.  in  the  Hypericineae).  Conversely,  secretory  cavities 
sometimes  also  occur  vicariously  in  place  of  secretory  canals,  this  being  the 
case  in  the  secondary  tissues  of  the  vascular  system  in  the  axis  of  certain  Com- 

^  See  Perrot  et  Gerard,  in  Ball.  Soc.  bot.  de  France,  M^m.  6,  1907. 
•  De  Bary,  Vergl.  Anat.,  1877  p.  210. 
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positae.  As  regards  the  systematic  value  of  the  secretory  cavities,  they  mostly 
occur  in  all  the  species  of  a  genus  and  occasionally  even  (in  the  cases  indicated 
by  a  ♦  in  the  enumeration  below)  in  all  the  members  of  an  Order,  and  arc 
rarely  (as  in  the  genus  Couepia  of  the  Chrysobalaneae  and  the  genus  Cupkea 
of  the  L3rthrarieae)  characteristic  of  species  only.  The  determination  of  the 
mode  of  origin  of  the  secretory  cavities  invariably  requires  an  investigation 
of  their  course  of  development.  The  presence  of  an  epithelium,  lining  the 
fully  developed  cavity,  is  not  in  itself  a  conclusive  proof  of  its  schizogenous 
origin. 

The  following  are  special  forms  of  secretory  cavities  :  (a)  the  secretory 
cavities  of  certain  Rhamneae  and  Papilionaceae  (Fig.  57,  B,  p.  262),  which  are 
provided  with  a  papillose  epithelium  ;  (h)  the  secretory  cavities  of  Polygonum 
Hydropiper,  L.,  which  are  enveloped  by  four  epidermal  cells  ;  (c)  the  secretiwy 
cavities  of  certain  Papilionaceae  (Fig.  57,  C,  p.  262),  Mimoseae  and  Euphorlna- 
ceae,  which  are  surrounded  by  *  bracket-cells,'  and  the  open  secretory  cavities 
of  certain  Menispermaceae  and  Papilionaceae,  which  may  be  classed  with  the 
former ;  (d)  the  intramural  glands  of  the  Papilionaceous  genus  Psoralea  (Fig.  57, 
i4,  p.  262),  and  the  glands  of  similar  structure,  found  at  the  margin  of  the  leaf 
and  in  the  leaf- teeth  m  certain  species  of  Symplocos  (Styraceae) ;  (e)  the  secretory 
cavities  of  the  Proteaceous  genus  Franklandia  (Fig.  173,  C,  p.  713),  which  are 
traversed  by  rows  of  cells  and,  so  far  as  their  development  is  concerned,  are  no 
doubt  related  to  the  intramural  glands  ;  (/)  the  fused  secretory  sacs  of  certain 
Myrsineae,  which  arise  from  groups  of  cells,  the  peripheral  walls  of  which 
remain  intact ;  and  (g)  the  albumen-containing  glands,  foxmd  in  the  Myrsineae ; 
they  probably  develop  after  the  manner  of  the  intramural  glands  and  recall  the 
structure  of  the  glands  of  Franklandia  (see  above).  Secretory  cavities  have  been 
observed  in  hairs  or  emergences  in  certain  Rutaceae,  Papihonaceae,Caesalpinieae, 
Myrtaceae,  and  Lythraneae  (cf.  also  §  34,  under  I,  a  and  II). 

In  the  secretory  cavities  of  the  Rutaceae  and  Myrtaceae,  which  occupy  a 
superficial  position,  a  special  mechanism  of  a  characteristic  kind  serving  for 
the  emission  of  the  secretion  has  been  demonstrated  ;  for  details  on  this  point, 
see  the  Orders  named,  pp.  856  and  920. 

Secretory  cavities  have  been  recorded  in  the  following  Orders  and  genera 
respectively :  Menispermaceae  (open  secretory  cavities),  Bixineae,  Polygaleae  ?, 
*H3rpeiicineae  (resin-canals  in  the  axis),  Guttiferae,  Temstroemiaceae  (ail  Bonne- 
tieae  excepting  Archytaea  and  Bonnetia,  Fig.  29,  p.  129),  Malvaceae,  Triplochitona- 
ceae( secretory  cavities?),  Malpighiaceae  ?  (AspidopUrys)^  Geraniaceae  (with  sphaero- 
crystalline  contents),  ^Rutaceae  (secretory  cells  common  in  the  bast),  Simanibaceae 
(in  genera,  which  should  rather  be  referred  to  the  Rutaceae),  Meliaceae  (Chloroxylon^ 
Flindersia),  Olacineae,  Rhamneae  (secretory  cavities  with  a  papillose  epithelium^ 
Connaraceae  (with  sphaerocrystalline  contents),  Papilionaceae  (also  intramural 
glands,  open  secretory  cavities,  and  cavities  with  a  papillose  epithelium  and  a 
bracket-epithelium.  Fig.  57,  p.  262),  Caesalpinieae,  Mimoseae  (secretory  cavities 
with  bracket-epithelium),  Rosaceae,  ♦Myrtaceae  sens.  str.  (in  Tristania  exceptionally 
with  mucilaginous  contents),  Lythrarieae,  Samydaceae,  Passifloraceae,  AraHaceae, 
Rubiaceae,  Compositae,  Primulaceae  (occasionally  with  red  crystalline  contents), 
Mjrrsineae  (Eumjrrsineae  and  Ma^eae,  frequentiy  with  red  crystalline  contents; 
like  canals  in  the  axis,  see  also  above),  Styraceae  (secretory  cavities  resembling  in- 
tramural glands),  *M3roporineae  (exd.  Oftia  and  Zombiana)^  Polygonaceae  (secretary 
cavities  sometimes  formed  by  four  epidermal  cells),  Podostemaceae,  Hperaceae  (8i<k 
by  side  with  secretory  cells),  Proteaceae  (Fig.  17 j,  p.  713,  intramural  glands), 
Gony stylus f  Euphorbiaceae  (only  secretory  cavities  with  Dracket-epithelium) ;  lastiy, 
also  in  the  genus  Panda,  which  has  not  yet  been  assigned  a  definite  position  in  the 
Natural  System  (see  Pierre,  in  Bull.  Soc  Linn,  de  Paris,  1896,  p.  1256). 

The  development  of  irregtdar  secretory  cavities  by  the  disorganization  of 
portions  of  the  tissue  of  the  wood  has  been  recorded  in  Evodia  and  ZanAoxyUm 
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(Rutaceae,  cf.  §  i6),  Carapa  (Meliaceae),  DUodendron  (Sapindaceae),  Butkea 
(Caesalpinieae)  and  Terminalia  (Combretaceae).  With  this  feature  we  may 
associate  the  formation  of  tragacanth  in  the  species  of  Astragalus  and  the 
occurrence  of  gummosis  in  the  species  of  Acacia  and  in  the  Pruneae.  Lastly,  the 
presence  of  mucilaginous  or  resinous  or  latex-like  secretions  in  the  ordinary 
intercellular  spaces  of  the  leaf  or  axis  may  likewise  be  mentioned  here. 
This  feature  has  been  demonstrated  in  Peganum,  the  genus  Vahlia  (Fig.  67, 
p.  314),  DonaHa  and Roussea (Saxifragaceae),LysiwacA*a  and  Primula^Gentiana, 
and  Cohaea  (Polemoniaceae),  and  probably  occurs  also  in  Humulus  and  some 
Acanthaceae. 

§  19.  Secretory  Canals  ^.  The  secretory  canals  are  here  understood  in 
an  analogous  sense  to  the  secretory  cavities  discussed  in  §  18.  They  resemble 
the  latter  in  their  diverse  contents  and  their  varied  mode  of  origin  and  have 
the  same  systematic  value,  which  is  often  very  considerable  (characteristic  of 
all  the  members  in  the  Orders  indicated  by  a  ♦  in  the  enumeration  below). 
In  determining  their  distribution  the  axis  should  first  be  examined,  since  in 
some  cases  the  secretory  canals  do  not  enter  the  lamina  of  the  leaf  at  all  (e.g.  in 
the  Hypericineae,  certain  Araliaceae,  &c.).  The  distribution  of  the  secretory 
canals  m  the  axis  varies  and  is  sometimes  characteristic  of  certain  taxonomic 
groups.  They  may  occur  in  the  pith,  bast,  pericycle,  endodermis  and  primary 
cortex,  rarely  in  the  wood  as  well  *  (only  in  the  Dipterocarpeae — ^but  here  their 
occurrence  in  the  wood  is  perhaps  quite  general  in  axes  of  a  certain  thick- 
ness— ^and  in  certain  Caesalpinieae).  In  the  Altingieae,  for  example,  the 
secretory  canals  are  found  only  in  the  pith  ;  in  the  Burseraceae  or  Anacardia- 
ceae  it  is  the  secretory  canals  in  the  bast  which  are  characteristic  of  their 
respective  Orders,  but  m  certain  species  of  these  Orders  '  canals  are  present  also 
in  the  pith  and  primary  cortex  ;  in  the  Compositae  the  endodermal  secretory 
canals  are  characteristic,  &c.  When  the  secretory  canals  penetrate  into  the 
leaf,  they  generjJly  occupy  the  same  position  with  reference  to  the  vascular 
S3^tem  as  in  the  axis  of  the  species  in  question,  i.e.  secretory  canals  situated  in 
the  bast  of  the  vascular  S3^tem  of  the  veins  correspond  to  those  found  in  the 
bast  of  the  axis,  canj^  lying  above  the  fibrovascular  system  of  the  veins  to  the 
medullary  canals  of  the  axis,  and  so  on;  but  occasionally  (Guttiferae  pro  parte. 
Fig.  27,  D,  p.  122)  the  canals  also  run  freely  in  the  mesophyll*.  In  some  cases, 
moreover,  an  investigation  of  the  secretory  canals  in  the  root  is  indispensable, 
although  such  an  investigation  can  rarely  be  carried  out  systematically  owing 
to  lack  of  material.  It  wiSl  suffice  to  point  out  that  the  secretory  canals  in 
some  of  the  Tubuliflorae  (Compositae)  are  absent  above  the  level  of  the  coty- 
ledons, and  that  the  secretory  canals,  situated  in  the  root  in  the  Kttosporeae, 
Araliaceae,  and  UmbeUiferae,  occur  in  a  characteristic  position,  viz.  in  the 
pericambium  opposite  the  groups  of  wood  and  bast,  belonging  to  the  primary 
fibrovascular  system. 

For  the  vicarioi^s  occurrence  of  other  types  of  secretory  organs  in  place  of 
the  secretory  canals  of  the  Compositae,  see  under  that  Order  in  the  following 
enumeration,  and  adso  §  18  (p.  1099). 

Secretory  canals  have  been  observed  in  the  ^Hypericineae  (only  in  the  axis; 

*  De  Bary,  Vcrgl.  Anat.,  1877,  pp.  a  10  and  455. 

'  Interxylary  secretoiy  canals  occur  more  firequently  in  the  root  (Umbelli£erae,  Compoutae). 
For  the  occurrence  of  macilafe-canals  or  macilage-cavities  and  other  kinds  of  secretory  cavities  in 
the  secondary  wood,  see  §§  10,  17, 18. 

'  In  snch  cases  the  occurrence  of  secretory  canals  in  the  pith  and  primary  cortex  is  generally 
only  a  specific  character. 

*  The  secretory  canals  running  freely  in  the  mesophyll  occasionally  give  rise  to  transparent  lines 
in  the  leaves,  while  those  accompanying  the  vascular  bundles  of  the  veins  sometimes  produce 
translucent  veins. 
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always  in  the  bast,  sometimes  also  in  the  pith,  prim,  cortex  and  pericyde),  ^Fttto- 
sporeae  (pericycle,  sometimes  also  in  the  bast),  ^nttiferae  (always  in  the  ptth  and 
prim,  cortex  of  the  axis,  in  some  cases  also  in  the  bast ;  in  the  leaf,  either  mnning 
nreely  in  tiie  mesophyll  or  in  the  veins,  sometimes  replaced  by  secret,  cavities).  Tern- 
stroemiaceae  (Bonnetieae,  excepting  Archytaea  and  Bonnetia;  in  the  axis  in  the 
pith  and  prim,  cortex,  in  some  cases  also  in  the  bast),  *Dipterocarpeae  (always 
m  the  pith  and  ?  second,  wood,  rarely?  also  in  the  bast),  Rntaceae  (in  the  centre  of 
the  pith  in  Clauuna  punctata),  Simambaceae  (pith),  Kol^linia  (bast),  ^Bnrseraceae 
(secret,  canals  always  present  in  the  bast,  and  side  by  side  with  them  sometimes 
canals  in  the  pith  and  prim,  cortex),  Celastrineae  (veins  of  the  leaf  of  MorUnUa  and 
margin  of  the  leaf  in  Pocky  stima),  Rhamneae  (veins  of  the  leaf  in  Reynosia  pro  parte, 
the  canals  bemg  provided  with  a  papillose  epitheUum),  ^Anacardiaceae  (typical 
members  of  the  Order  always  provided  with  secretory  canals  situated  in  the  oastt 
but  besides  these  there  ma}^  be  canals  also  in  the  pith  and  prim,  cortex),  Julimmia  (as 
in  the  previous  case),  Papihonaceae  (prim,  cortex  in  Cordyla^  MilUtHa  pro  parte 
and  Myroxylon),  Caesalpimeae  (in  the  secondary  wood  of  Copaifera,  Daniella^  Eperua^ 
Kingiodendron,  Oxy stigma  and  Priaria ;  in  these  genera  sometimes  also  in  the  pith  or 
cortex,  as  ^the  case  may  be),  Hamamelideae  (margin  of  the  pith  in  the  AltingieaeX 
C)acteae  (in  the  cortex,  the  contents  resembling  latex  in  MammiUaria  pro  paite  and 
LetichUnbergia),  *UmbelUferae  (above  all  in  the  pericycle,  but  also  in  the  ptth,  bast, 
and  prim,  cortex),  *AraUaceae  (excL  Aralidium,  otherwise  as  in  the  UmbeUilerae), 
Comaceae  (pitli  of  MasHxia),  Compositae  (in  members  of  all  the  thirteen  tribes  of 
Benth^n  and  Hooker's  system  of  classification ;  typically  present  in  the  root,  and 
occasionally  absent  in  the  shoot,  the  canals  in  the  latter  case  being  replaced  in  the 
shoot  by  other  types  of  secretory  organs,  viz.  secretory  sacs  or  latidferous  vessels ; 
in  the  root  there  are  always  canals,  which  arise  from  the  endodermis,  but  in  addition 
to  this,  canals  may  be  found  in  the  primary  cortex,  the  periphery  of  the  pith,  the 
secondary  wood  and  bast  of  the  root,  or  in  the  pericycle,  the  place  of  tae  canals 
being  sometimes  taken  by  secretory  cavities),  Myrsineae  (see  §  i8),  Gesneraoeae 
(internal  to  the  vase,  bundles  of  the  stem  and  in  an  analogous  position  in  the  veins 
of  tiie  leaf,  in  Klugia  and  Rhynchoglossum),  Podostemaceae  (Weddellina^  interceO. 
spaces  resembling  resin-canals  ?),  *Leitnerieae  (at  the  margin  of  the  pith). 

§  20.  Laticifergus  Cells  ^  and  secretory  organs  of  a  similar  type.  It  is 
a  familiar  fact  that  the  latidferous  cells  (non-articulated  latidferous  tubes)  are 
long  tubular  branching  dements,  which  are  filled  with  various  contents,  the 
latter  often  being  of  the  nature  of  latex  or  caoutchouc  ;  the  latidferous  cells 
are  already  differentiated  as  initial  cells  in  the  hypocotyl  of  the  embryo,  and 
in  later  stages  their  branches  often  traverse  all  the  organs  of  the  plant.  The 
term  '  non-articxilated  laticiferous  tubes  '  thus  refers  to  the  course  of  develop- 
ment of  these  dements.  It  is  not,  however,  possible  to  undertake  a  develop- 
mental investigation  in  each  individual  case;  according  toChauveaud*,  moreover, 
it  is  not  out  of  the  question  that,  to  take  the  case  of  the  Apocynaceae  for 
instance,  some  of  the  secretory  organs,  there  described  as  latidferous  cells,  are 
differentiated  only  at  a  later  stage,  and  develop  in  a  different  way  from  that 
mentioned  above,  and  according  to  F.  £.  Weiss  '  this  is  really  true  of  the 
caoutchouc-cells  of  Eucommia,  which  cannot  be  distinguished  from  true  latid- 
ferous cells,  unless  their  mode  of  devdopment  is  studied.  For  these  reasons 
only  those  Orders  or  genera  are  enumerated  under  the  heading  '  latidferous 
cells '  in  the  following  review,  some  at  least  of  the  spedes  of  which  have  been 
investigated  devdopmentally  with  positive  results ;  the  remainder  are  com- 
prised under  the  heading  of  *  secretory  organs  resembling  latidferous  cdls.' 
The  detailed  structure  of  the  laticiferous  tubes,  viz.  the  size  of  their  lumina 
and  the  nature  of  their  walls  and  contents,  is  only  of  trifling  systematic  value. 
It  is  also  necessary  to  ascertain,  whether  the  elements  in  question  occur  in  all 


»  CC  De  Baiy,  VergL  Anat.,  1877.  p.  199. 

*  In  Ann.  ic.  nat,  ser.  7,  t.  xiv,  1891. 

*  In  Transact.  Linnean  Soc  Loodon,  2  ser,,  vol.  iii,  Bot.,  1892. 
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the  vegetative  organs,  for  in  some  cases  they  do  not  enter  the  leaf  (see  e.g. 
under  Moraceae,  p.  1059).  ^^^  transitions  to  laticiferous  vessels  (in  the 
Apocynaceae),  see  5  21. 

LaticiferouB  cells,  the  branches  of  which  may  run  in  the  pith,  bast,  and 
primary  cortexS  in  the  veins  of  the  leaf,  and  occasionally  also  freely  in  the  mesophyll^ 
out  are  chiefly  found  accoinpanying  the  bast-G;roups,  occur  in  all(?)  Apocynaceae 
and  Asclepiadeae,  in  many  £uphorbiaceae,  in  me  genera  HumtUus  and  ( ?)  Cannabis 
(CannabLneae),  and  lastly  in  many,  perhaps  all,  Moraceae. 

Secretory  organs  resembling  laticiferous  cells,  (some  of  them  perhaps  of 
secondary  origin,  as  has  been  proved  to  be  the  case  in  Eucommia  (Trochodendraceae), 
are  also  known  to  occur  in  PlagiopUron  (Tihaceae),  Coula,  Eganthus,  Heisieria,  Mtn- 
quartia  and  Ochanostachys  (Oladneae),  Celastrus,  Euonymus,  Gymnosporia  pro 
parte*,  Mystroxylon  and  R^tmmma  (Celastrineae),  Campylosiemon,  Hippocratea  pro 
parte  and  Salacia  pro  parte  (Hippocrateaceae)  and  llrera  (Urticaceae).  Caout- 
chouc-ceUs,  like  those  of  Eucommia^  are  closely  related  to  the  elongated  secretory 
sacs,  mentioned  under  II  in  ^  14  (p*  1097). 

The  secretory  organs  discussed  in  this  section  are  sometimes  visible  even  to 
the  naked  eye  or  with  the  help  of  a  lens ;  this  is  the  case,  when  their  caoutchouc-like 
contents  appear  in  the  form  of  delicate  elastic  threads'  on  breaking  through  the 
leaves  and  branches,  or  when  the  laticiferous  cells  give  rise  to  transparent  hues  in 
the  leaves. 

§  21.  Laticiferous  Vessels.  These  elements  arise  by  the  absorption  of 
the  transverse  walls  in  rows  of  cells,  which  are  either  simple  or  arranged  to  form 
a  network ;  they  occur  in  the  same  tissues  of  the  axis  and  leaf  as  the  laticiferous 
cells,  but  are  chiefly  associated  with  the  phloem.  In  some  cases  they  also  run 
freely  in  the  mesophyll,  while  in  the  Papayaceae  they  are  even  found  traversing 
the  soft  xylem-mass. 

Laticiferous  vessels  have  been  demonstrated :  among  the  Papaveraceae,  in  the 

fenera  Papaver,  Argemone,  Roemeria  and  Chelidonium  (?  also  in  Meconofsis  and 
Haiystemon) ;  in  the  tubers  of  Tropaeolum  ?  (Geraniaceae) ;  among  the  Oladneae^ 
in  the  genera  Endusa  and  Cardiopteris  ;  in  all  the  Papayaceae  ;  in  all  the  Cichoria- 
ceae,  and,  outside  the  limits  of  this  tribe,  in  the  genera  Gundelia^  Gasania,  Carlina 
and  Atracfylis  (Compositae);  in  all  Campanulaceae  and  Lobehaceae  with  the  ex- 
ception of  Sphenodea;  among  the  Convolvulaceae,  in  the  genera  Dichondra  and 
Falkia  (in  the  latter  genus  as  yet  demonstrated  only  in  the  floral  organs) ;  and 
among  the  Euphorbiaceae,  in  the  g[enera  Hevea  and  ManihoU 

'luransitions  between  rows  of  laticiferous  sacs  and  laticiferous  vessels,  as  evidenced 
by  the  occurrence  of  perforations  on  the  transverse  walls  of  the  former,  have  been 
observed  in  the  Orders  Sapotaceae  and  ?  Convolvulaceae,  while  transitions  between 
elon^ted  secretory  sacs  (see  §  14)  and  laticiferous  vessels  have  been  met  with  in 
certain  Compositae ;  lastly,  transitions  between  laticiferous  cells  and  laticiferous 
vessels  are  found  in  the  petals  of  certain  Apocynaceae.  All  these  features  require 
careful  reinvestigation. 

Trichomes,  which  enter  into  connexion  with  the  system  of  laticiferous  vessels, 
are  found  in  some  of  the  Cichoriaceae  (Fig.  103,  O,  p.  458),  while  papillose  termina- 
tions of  the  laticiferous  tubes  occur  in  Sipkocampylus  (Lobeliaceae). 

§  22.  Oxalate  of  Lime*.  The  diverse  forms  of  excretion  of  oxalate  of 
lime,  as  also  its  absence  and  its  distribution  in  the  various  organs  and  tissues  of 
a  plant,  afford  a  whole  series  of  valuable  anatomical  features. 

^  Latidferotis  cells  occur  in  the  wood  only  in  so  far  as  branches  of  the  cortical  latidferons  tnbes 
sometimes  traverse  the  medullary  rays  of  the  wood  and  finaUy  penetrate  into  the  pith. 

*  See  Loesener,  in  Notizbl.  Beriiner  Garten  n.  4a,  1008,  p.  64. 

*  Such  cases  of '  spinning '  on  the  part  of  the  caoutchouc-like  contents  have  been  observed  in  the 
secretory  organs  of  Eucommia,  PlapopUron,  Celastrus^  Euonymus,  Mystroxylon,  Wimmeria, 
Hifpocratea^  and  Salacia  (mentioned  above  pnder  the  heading  of  *  secretory  organs  resembling 
laticiferous  cells*),  in  the  laticiferous  cells  of  Parameria  (Apocynaceae)  and  in  the  'elongated 
sectetory  sacs'  of  Tinomiscium  (Menispermaceae,  included  under  II  in  §  14). 

*  Cf.  Kohl,  Kalksalze  «nd  Kieselsaure  in  der  Pflanze,  Marburg,  1889 ;  Poli,  Cristalli  di  ossalmto 
calcico,  Roma^  i88a  (abstr.  m  Bot.  CentralbL,  1883,  ii,  p.  311) ;  and  also  Bnscalioni,  in  Malpighia, 
X,  1890,  where  a  general  idea  of  the  literature  dealing  with  oxalate  of  lime  can  be  obtained. 
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We  may  distinguish  the  following  modes  of  excretion  of  oxalate  of  lime : 
I.  Ordinary  solitary  cnrstals  (i.e.  rhombohedral  crystals  ('  Hendyo^der ')  be- 
longing to  the  monodinic  system),  which  are  of  large  but  variable  size,  and 
are  very  widely  distributed)  and  their  modifications  and  twin-crystals  ;  2.  Sty- 
loids ^  or  columnar  crystals  (i.e.  elongated  prismatic  crystals  belonging  to  the 
monodinic  system)  or  twin-forms  of  such  crystals,  the  latter,  when  t3^ically 
differentiated,  recalling  the  well-known  crystals  characteristic  of  gypsum; 
regarded  from  the  systematic  point  of  view,  styloids  commonly  replace  raphides 
and  occasionally  show  transitions  to  the  forms  of  crystals,  discussed  und^  4 ; 
3.  Octahedral  or  prismatic  crystals,  belonging  to  the  quadratic  or  monodinic 
systems  and  mostly  of  rather  snniall  size ;  4.  Adcular  cnrstals,  i.e.  small  needle- 
shaped  or  fusiform  crystals,  which  sometimes  merge  into  small  oystals  of 
prismatic  shape  or  crj^tals,  which  are  almost  of  the  nature  of  styloids ;  ^iien 
dongated,  the  adcular  crystak  come  to  resemble  raphides  ^  whilst,  when  they 
are  very  small,  they  appear  like  sand  ;  in  most  cases  large  numbers  of  adcular 
crystals  occur  in  one  and  the  same  cell ;  5.  Clustered  cr3rstals,  which  are  com- 
peted of  individual  crystals  bdonging  to  the  quadratic  or  monodinic  S3rstems ; 
o.  Sphaerites  (Sphere-cr3^tals),  i.e.  bodies  resembling  dustered  crystals  and 
having  a  sphaerocr5^talline  structure  with  a  smooth  or  rather  smootii  surface; 
7.  Raphides  ',  i.e.  long  adcular  crystals,  large  numbers  of  which  lie  paraUel  to 
one  another  in  a  cell  containing  mucilage  ;  8,  Crystal-sand  (Fig.  134,  p.  579), 
which  is  composed  of  numberless  small  crystds,  completdy  filling  the  cells  an(t 
in  the  case  of  typical  crystal-sand  ('  sable  t6traedrique '),  having  a  tetrahedral 
form  *.  The  systematic  value  of  these  forms  of  crystals  varies  very  considerably. 
In  some  cases  a  certain  form  of  crystal  is  characteristic  of  an  entire  Order, 
while  in  other  cases  it  serves  to  distinguish  only  genera  or  spedes  ;  and  this 
applies  to  all  the  different  kinds  of  crystals  above  enumerated,  even  to  those 
which  are  specially  typical  and  have  the  greatest  S3^tematic  value  (viz.  raphides, 
styloids,  and  crystal-sand).  The  three  forms  of  crystak  just  named,  lor  ex- 
ample, are  of  strikingly  small  systematic  value  in  the  Order  Thjmielaeaceae. 

Several  forms  of  crystals  may  occasionally  occur  side  by  side  in  one  and 
the  same  plant,  the  chief  combinations  bein^  solitary  and  dustered  crystals, 
raphides  and  dustered  crystak,  raphides  and  styloids,  dustered  crystals  and 
crystal-sand  (the  dustered  crystak  sometimes  even  being  end(»ed  in  the  cells 
containing  the  crystal-sand),  and  so  on ;  in  such  cases  the  various  forms  of 
crystak  are  found  dther  in  the  same  or  in  different  tissues,  or  even  in  different 
organs  of  the  plant.  In  other  spedes  or  genera,  or  even  Orders,  however, 
only  one  form  of  aystal  k  present.  In  emplojmig  the  occurrence  of  oxalate 
of  ume  for  systematic  purposes  it  must  be  borne  in  mind  that  thk  salt  has 
been  shown  to  be  capable  of  re-entering  into  the  metabolkm  of  the  plant, 
and  that  dustered  crystak  often  occur  alone  in  the  primary  cortex  in  early 
stages,  while  solitary  crystak  only  appear  subsequently. 

Oxalate  of  lime  has  hitherto  *  not  been  demonstrated  in  the :  Fumariaceae, 
Cmcif erae,  Stackhousieae,  Crossosomataceae,  LobeUaceae,  Monotropeae,  Lennoaoeae, 
Primulaceae,  Salvadoraceae,  Desfontainea,  Gentianeae-Menyanthoideae,  Cuscuteae  ?, 


>  Radlkofer,  in  Sitz.-6er.  Munch.  Akad.,  1890,  p.  114;  see  also  Rothert  and  Zalenaki,  Bes. 
Kategorie  von  Krystallbeh.,  Bot  Centralbl.,  1899,  iy,  p.  i  et  seq. 

'  These  shorter  adcnlax  crystals  are  rarely  (see  Gentianeae)  enclosed  in  cells  containing  mucilage. 

*  See  also  A.  Fnchs,  Ban  der  Rai)hidenzelle,  Ost.  bot.  Zeitschr.,  1898,  ^  324  et  seq. ;  and  KoU, 
Raphidenzelle,  Bot.  Centralbl.,  1899,  iii,  p.  273  et  seq. 

*  See  Arcangeli,  in  Nnov.  Giom.  bot.  Ital.,  xziii,  1891. 

*  The  following  statements  refi?r  solely  to  the  yegetative  organs  (especially  the  axis  and  the 
leaf).  For  it  frequently  happens  that  crystalline  elements  occnr  in  the  leprodnctiye  organs 
(testa,  etc.),  although  it  has  been  found  impossible  to  demonstrate  them  in  the  yegetative  ocgaos 
of  the  same  plant  (e.  g.  in  certain  Caryophylleae,  Valerianeae,  and  Primulaceae). 
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Orobanchaceae  and  Plantagineae  ?,  besides  numerous  genera  and  species  belonging 
to  other  Orders. 

Ordinary  solitary  crystals  and  clustered  crystals  (sometimes  side  by  side  with 
a  third  form)  have  been  observed  in  the  same  or  in  different  species  of  the  follow- 
ing Orders  and  genera  respectively  :  Trochodendraceae,  Anonaceae,  Menispermaceae 
(solitary  oystals  not  very  abundant,  clustered  crystals  rare),  Berberideae,  Cappari- 
deae»  Qstineae  (solit.  cryst.'rare),  Violarieae,  Canellaceae,  Bixineae,  Pittosporeae, 
Tremandreae,  Poly^eae,  Vochysiaceae,  Caryophylleae  (solit.  cryst.  very  rare), 
Portulaceae,  Tamansdneae,  Hypericineae,  Guttiferae,  Temstroemiaceae,  Diprtero- 
carpeae,  Lopkira^  Malvaceae,  Triplochitonaceae,  Sterculiaceae,  Tiliaceae,  Lineae 
(clust.  cryst.  rare),  Humiriaceae,  Malpighiaceae,  Zygophylleae,  Geraniaceae,  Rutaceae, 
Simarubaceae,  Balanites^,  Ochnaceae,  Luxemburgiaceae,  WaUacea^  Buiseraceae, 
Mehaceae,  Chailletiaceae,  Olacineae,  Ilicineae,  Cyrifieae,  Celastrineae,  Hippocratea- 
ceae,  Pentaphylacaceae,  Corynocarpaceae,  Rhamneae,  AmpeUdaceae,  Sapmdaceae, 
Hippocastanaceae,  Aceraceae,  Stapnyleaceae,  Sabiaceae,  Anacardiaceae,  Coriarieae 
(clust.  cryst.  only  in  the  rhizome),  JMoringeae,  Caesalpinieae,  Mimoseae  (clust.  cryst. 
rare),  Rosaceae,  Sanfra^aceae,  Hamamelideae,  Ostrearia,  Bruniaceae,  Rhizopho- 
raceae,  Combretaceae  (chiefly  clust.  cryst.),  Myrtaceae,  Lecythidaceae,  Lythraneae, 
Samydaceae,  Passifloraceae,  Cacteae,  Umbelliferae  (solit.  oyst.  rare),  Araliaceae, 
Comaceae,  Caprifoliaceae,  Rubiaceae  (soUt.  cmt.  rare),  Compositae  (rare).  Vaccinia- 
ceae,  Ericaceae,  Epacrideae,  Diapensiaceae,  Plumbagineae,  Myrsineae,  Sapotaceae, 
Ebenaceae,  Styraceae,  Apocynaceae,  Asclepiadeae,  Lo^niaceae,  Convolvulaceae, 
Solanaceae,  Scrophularineae  (rare),  Columelliaceae,  Bienoniaceae,  PedaUneae, 
Myoporineae,  Veroenaceae  (solit.  and  clust.  cryst.  rare),  Labiatae  (rare  in  the  vege* 
tative  organs),  Amarantaceae  (soUt.  cryst.  rare),  Chenopodiaceae  (soUt.  cryst.  rare), 
Basellaceae,  Batideae,  Polygonaceae,  Podostemaceae,  Aristolochiaceae  (sddt.  cryst. 
rare),  Piperaceae  {Symbryon),  Proteaceae  (not  abundant),  Thymelaeaceae,  Gcmy stylus, 
Geissoloma,  Loranthaceae,  Santalaceae,  Myzodendron,  Grubbia,  Balanophoreae, 
Euphorbiaceae,  Buxaceae,  Balanopseae,  Uhnaceae,  Moraceae,  Urticeae,  Platanaceae, 
Juglandeae,  M3aicaceae,  Casuarineae,  Cupuhferae,  SaUcineae,  Lacistemaceae. 

Clustered  crystals  alone,  or  accompanying  some  other  form  of  oystal  (with 
the  exception  of  ordinary  solitary  crystals),— in  the  latter  case  in  the  same  or  in 
different  species— have  been  observed  in  the  following  Orders  and  genera  respectively : 
Ranunculaceae  (rare),  Magnoliaceae,  Nymphaeaceae,  Sarraceniaceae,  Papaveraceae, 
Frankeniaceae,  Elatineae,  Lophira,  Monotes,  Chlaenaceae,  Melianthaceae,  Penthorumf 
Myrothamnus,  Halorageae  (Fie;.  72,  A,  p.  337),  Melastomaceae  (clust.  cryst.  occa- 
sionally reduced  to  short  and  thick  solit.  civst.),  Onagraiieae,  Loaseae,  Tumeraceae, 
Papayaceae,  Begoniaceae,  Ficoideae,  Valerianeae  (rare),  Dipsaceae,  Calycereae, 
Candolleaceae,  Campanulaceae  (only  in  Sphenoclea),  Plocosferma,  Gentianeae  (only 
small  clust.  cryst.),  Polemoniaceae  (clust.  cryst.  rare  and  of  small  size).  Hydro- 
phyllaceae,  Boragineae,Gesneraceae,  Acanthaceae,  Zom&uina,  Labiatae,  Njrctagineae, 
lUecebraceae,  Chenopodiaceae,  Phytolaccaceae  (rare),  Nepentiiaceae,  Piperaceae 
(exd.  Symbryon),  Cmoranthaceae,  Myristicaceae,  Octolepis,  Penaeaceae,  Daphni- 
phyllaceae,  Cannabineae,  Leitnerieae,  Empetraceae^  but  also  in  certain  genera  or 
species  belonging  to  other  Orders. 

Rhombohedrai  solitary  crjrstals  are  foimd  alone  or  accompanied  by  some 
other  form  of  crystal  (exduoing  clustered  crjrstals)— in  the  latter  case  in  the  same  or 
in  different  speaes— in  the  Rhaptopetalaceae,  Koeherlinia,  Octocnemaceae,  Connara- 
ceae,  Crassulaceae,Cucurbitaceae  (rare),  Hemandiaceae  (only  in  lUigerd  obtusa),  and  in 
most  Papilionaceae  and  Mimoseae,  and  in  numerous  genera  or  species  of  other  Orders. 

As  regards  the  form  of  the  dustered  crystals,  we  may  note  at  this  point  that 
the  well-known  star-shape  is  the  conmionest.  Clustered  crystals,  which  are  made 
up  of  acicular  or  quadratic  (Begoniaceae,  Lecythidaceae,  Proteaceae,  Fig.  173,  p*  7 1 3) 
cr3^tals,  are  more  rarely  found.  Special  forms  requiring  mention  are  the  clustered 
crystals  of  certain  ComDretaceae,  which  are  like  stars  with  unequal  rsLys  {'  krippen- 
stemartig '),  and  the  clustered  crystals  of  spedes  of  Centradenia  (Melastomaceae* 
Fig.  79,  A,  p.  362),  which  are  found  combined  with  styloids. 

Sf^aerites  have  been  observed  only  in  certain  Berberideae,  Tamarisdneae 
{Fouquiera\  Geraniaceae,  Aceraceae,  Sabiaceae*,  Papilionaceae,  Rosaceae,  Crassula- 
ceae,  Combretaceae  (according  to  Hdhnel,  in  Bot  Zdt.,  1882),  Melastomaceae, 
L3rtlirarieae,  Cacteae  (Fig.  93,  p.  413),  Rubiaceae,  Asclepiadeae,  Solanaceae,  Ph3rto- 

*  According  to  Van  Tieghem,  Ann.  sc.  nat,  s^r.  9,  t  It,  1906. 
'  According  to  Dihm,  &ih.  z.  Bot.  CentrmlbL,  xxi,  Ab.  i,  1907. 
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laccaceae,  Balanophoreae,  Euphorbiaceae  and  Empetraceae ;  according  to  Hegel- 
maier,  they  also  occur  in  certain  CaryophvUeae,  but  are  there  confined  to  the  testa. 
Octahedral  or  prismatic  cr3rsta]s  of  the  quadratic  system  (q)  (which  in  most 
cases  are  at  once  distinguishable  from  monocunic  crystals  by  tneir  smaller  size), 
as  well  as  twin-forms  of  such  crystals,  or  small  prismatic  or  fusiform  to  adcolar 
cr3rstals  (a)  ^which  occasionally,  when  of  sufficient  length,  resemble  raphides),  or 
small  crystallme  bodies  of  diverse  other  shapes  (rounded,  &c.)  \  have  been  met  with 
in  Ihe  following  Orders  :  Ranunculaceae  (9),  Calycanthaceae  (j),  Magnoliaceae  {q\ 
Menispermaceae  (a),  (also  transitions  to  crystal-sand  and  styloids),  Capparideae, 
Resedaceae  (rare),  Canellaceae  (9),  Guttiferae,  Sterculiaceae,  Zygophylleaefa),  Pegti- 
num  (a),  Simarubaceae  (Fig.  42,  B,  p.  183),  AmpeHdaceae  (a),  Aceraceae,  Papoliona- 
ceae,  Caesalpinieae ',  Saxifragaceae  (a),  Melastomaceae  (a),  L3rthrarieae,  Ona^raiieae, 
Begoniaceae  (q),  Datisceae  (a),  Cacteae  (q),  Ficoideae,  Araliaceae,  Rubiaceae  (a), 
Compositae  (j,  a),  Goodeniaceae,  Campanulaceae  (9,  a\  Myrsineae-Theophrasteae, 
Olc  '  '    '  *  -      ^  -     ..  -  .   «  - 


Styraceae,  Oleaceae  (a),  Apocynaceae  (a),  Loganiaceae  (9,  a),  Gentianeae  (a),  P6le- 
moniaceae  (a),  Boragmeae  (a),  Convolvulaceae  (a),  Solanaceae  (^),  ReUia  (a), 
Scrophularineae  (^,  a),  Lentibularieae,  Gesneraceae  (g,  a),  Kgnoniaceae  (a),  Pedah- 


neae,  Acanthaceae  (a),  Myoporineae  (a),  Selagineae,  Verbenaceae  (q,  a),  Labaatae 
(9,  a),  Nyctagineae  (ai  Chenopodiaceae  (9),  Sasellaceae  (9),  Phjrtolaccaceae  (rare 
and  observed  only  in  the  ovary),  Cytinaceae  ( j),  Aristolochiaceae  (a),  Piperaceae  (s), 
Chloranthaceae  (very  rare),   Mynsticaceae  (a),  Monimiaceae  (a),  Laurineae  (s), 


Hemandiaceae  (a),  Gbmortegaceae  (a),  Elaeagnaceae  (a),  Moraceae. 

Bimdles  of  raphides  are  found  in  the  following  Orders,  being  of  constant  occur- 
rence in  those  marked  with  a  * :  *Dilleniaceae,  Temstroemiaceae  (Marcgravieae 
and  Sauraujeae  excl.  Stwhyurus  and  PeUiciera^  Fig.  29,  ^4,  p.  129),  Geraniaceae, 
Rutaceae,  Zygophylleae  (Peganum)^  Ochnaceae  XTetfamertsia)^  *AmpeUdaceae 
(Fig.  <2,  B,  p.  223),  MeUanthaceae,  *Hydrangeae  (Saxifragaceae),  H>nagrarieae 
(excl.  7>a/>a),  Ficoideae,  Rubiaceae,  Gesneraceae  {Napeanthus  re-bens,  J.  D.  Smith !), 
Nyctagineae,  Phytolaccaceae  (Euphytola(x«ae  and  AgdesUs),  Urticeae  (Laporied)^ 
Thelygoneae. 

Typical  styloids  have  been  recorded  in  the  following  Orders  or  genera,  as  the 
case  may  be :  Pittosporeae  (constant),  Temstroemiaceae,  Zygophylleae,  Geraniaceae, 
Rutaceae,  Simarubaceae,  lUdneae,  Rhamneae,  Sapindaceae,  MeUanthaceae,  Rosaceae, 
Saxifragaceae,  Melastomaceae  (often  distinctive  of  groups  of  genera,  not  constant 
in  Centradenia)^  L3rthrarieae,  Onagrarieae,  Ficoideae,  CaprifoUaceae,  Rubiaceae, 
Apocynaceae,  Asdepiadeae,  Loganiaceae,  Plocosperma,  Nyctagineae,  Phytolaccaceae 
(Rivineae),  Thymelaeaceae  (Fig.  174,  D,  p.  717),  Euphorbiaceae  (not  constant  in 
Phyllanthtts),  Urticeae  (Laportea),  We  have  already  noticed  above  that  styloids 
often  take  the  place  of  the  bundles  of  raphides.  The  styloids  are  commonly  confined 
to  the  bast,  while  some  other  form  of  crystal  occurs  in  the  remaining  tissues 
of  the  species  in  question.  At  this  point  we  may  also  include  :  (a)  crystals 
resembling  styloids*  but  shorter  than  typical  styloids,  such  crystals  bmig  found 
in  certain  Menispermaceae,  Tiliaceae,  Zygophylleae,  Celastrineae,  Papilionaceae, 
Ficoideae,  ColumelUaceae,  Nyctagineae,  I^ytolaccaceae,  Th3rmelaeaceae,  Euphor- 
biaceae, Buxaceae,  Ulmaceae  and  Juglandeae ;  (&)  small  rod-shaped  crystals,  which 
hkewise  resemble  styloids,  and  are  combined  witii  one  another  so  as  to  have  the 
shape  of  a  widely  open  V  or  W,  or  the  form  of  an  I ;  crystals  of  this  t3rpe  occur  in 
certain  Menispermaceae,  Malpdghiaceae,  Sapindaceae,  PapiUonaceae  (Fig.  58,  p.  265), 
Mimoseae,  Rosaceae,  Loganiaceae  and  Euphorbiaceae ;  (c)  crystals,  which  are 
shaped  like  styloids,  but  vary  in  length,  and  occur  to  the  number  of  several  in  the 
same  cell;  they  have  been  observed  in  Krameria  TPolygaleae),  certain  Cacteae, 
Pisonia  (Nyctagineae,  Fig.  154,  C,  p.  646),  Rivina  ana  VtUamiUa  (Phytolaccaceae). 

Typical  crystal-sand  ('  sable  tetraedrique '),  which  occasionally  includes 
clustered  crystals  (cl.  cr.)  or  even  soUtary  crystals  (sol.  cr.),  has  been  observed  in 
the  Rutaceae  (cl.  cr.),  Olacineae  (sol.  cr.),  Sapindaceae,  Saxifragaceae,  Crassulaceae, 
Araliaceae,  Comaceae,  CaprifoUaceae,  Kubiaceae,  Sapotaceae  (only  in  the  latid- 

'  All  theie  fonnt  of  ciysUls  are  considered  jointly  here,  became  they  often  occor  side  hf  ade  in 
dififeient  roecies  of  an  Order  or  even  in  the  same  species,  and  becanse  it  is  sometimes  difficult  to  d»w 
a  sharp  limit  between  the  different  forms.  The  addition  of  the  letter  ^  or  a  in  the  subseqiient 
enumeration  is  not  intended  to  indicate  that  the  forms  of  crystals,  represented  by  these  letters,  axe  die 
onlv  ones  occorring  in  the  Order  in  qnestion,  bnt  testifies  soldy  to  tne  occarrenoe  of  such  crystals,  in 
so  far  as  it  has  been  definitely  estabhshed. 

'  In  Detarium,  according  to  recent  observations  of  my  own* 
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ferous  sacs),  Loganiaceae,  Boragineae,  Nolaneae,  Solanaceae  (cL  cr.),  Amarantaceae, 
Chenopodiaceae,  Thymelaeaceae,  Buxaceae ;  powdery  or  finely  granular  crjrstal- 
sand  has  been  observed  in  A  canthophyllum  (Caryophylleae),  Dysphania^  Gymnocarpos 
and  Habrosia  (lUecebraceae),  and  Saruma  (Anstolochiaceae) ;  in  the  last  of  these 
genera  it  is  present  only  in  the  terminal  cells  of  the  trichomes.  We  may  include 
here  the  following  sx)ecial  features :  (a)  the  occurrence  of  a  kind  of  crystal-sand  above 
the  gelatinized  membranes  of  the  epidermal  ceUs  in  the  leaves  of  certain  species  of 
kowrea  (Connaraceae) ;  (6)  crystal-sand,  consisting  of  tetrahedral  granules  and  small 
acicular  and  prismatic  crystals,  in  Leucaster  (Nyctagineae) ;  i^c)  crystal-sand, 
composed  of  small  acicular  and  prismatic  crystals,  in  Calandrinta  (Portulaceae), 
and  crystal-sand,  showing  a  similar  composition,  in  Protoschwenkia  (Solanaceae)  and 
Bweus  (Buxaceae) ;  {d)  coarsely  granular  crystal-sand,  consisting  of  quadratic 
or  short  prismatic  crystals,  in  Dunalia  (Solanaceae),  Gallesia  (Fhytolaccaceae, 
Fig.  160,  p.  666)  and  members  of  the  tribe  Monimieae;  lastly,  (e)  a  kind  of  crystal- 
sand  (?),  also  in  two  species  of  Meliostna  (Sabiaceae).  whep  lar&;e  numbers  of 
acicular  crystals  occur  in  the  same  cell,  they  are  occasionally  reduced  so  as  to  form 
a  kind  of  sand  (e.g.  in  certain  Menispermaceae,  Melastomaceae,  Gentianeae,  Pipera- 
ceae  and  Elaeagnaceae).    A  number  of  small  crystals  are  commonly  found  accom- 

I)anying  solitary  or  clustered  crystals,  especially  in  the  large  crystal-idioblasts  of  the 
eaf,  but  such  cases  have  not  been  taken  into  consideration  in  the  preceding  review 
of  the  distribution  of  crystal-sand. 

As  a  rule  the  crystalline  elements  are  found  in  the  lumina  of  the  cells, 
but  in  some  cases  (and  this  applies  especially  to  solitary  and  clustered  crystals) 
they  are  embedded  in  a  thickened  part  of  the  cell-wall ;  in  the  latter  case  they 
are  either  completely  enveloped  by  the  cell-membrane  or  lie  in  the  middle 
of  the  lumen  of  the  cell  enclosed  in  a  sack  of  cellulose,  after  the  manner  of 
Rosanoff's  clustered  crystals,  this  sack  being  connected  with  the  cell-wall  by 
means  of  one  or  more  beams  of  cellulose  K  We  can  only  attribute  systematic 
value  to  these  features,  when  the  differentiation  of  the  structure  in  question 
is  particularly  typical  (e.g.  in  the  Papilionaceae,  Ciirus  or  the  Rhizophoraceae). 
Features  of  greater  S3^tematic  importance  are  afforded  by  the  deposition  of 
numerous  sniall  crystalline  granules  resembling  crystal-sand  in  the  walls  of  the 
cells  of  various  tissues  in  certain  Crassulaceae  (rig.  70,  D,  p.  321),  Cacteae, 
Ficoideae,  Nyctagineae  (Fig.  154,  A,  p.  646),  and  Euphorbiaceae  (in  Croton,  here 
in  the  tissue  of  the  cork),  and  the  deposition  of  large  crystals  in  and  on  the 
cell-walls  in  the  Nsonphaeaceae  (Fig.  11,  p.  47).  Aja  apparent  embedding  of 
rather  large  crystals  is  found  in  the  crystal-sclerenchyma  of  certain  Ma^o- 
liaceae  (Fig.  4,  p.  29),  Combretaceae,  Rubiaceae  and  Ix>ranthaceae  (Fig.  177, 
p.  728),  and  in  the  crystal-hairs  of  the.  Guettardeae  (Fig.  loi,  B,  C,  p.  446) ; 
the  former  has  already  been  discussed  in  §  9  (pp.  1000, 1091) ;  in  the  latter  the 
ceU-wall  undergoes  tmckening  to  such  an  extent,  tnat  really  nothing  but  the 
spaces  filled  by  the  crystals  remains  to  represent  the  lumina  of  the  hairs. 

The  various  forms  of  crystals  described  in  the  preceding  pages  occur  in  the 
different  tissues  of  the  leaf  and  axis,  although  sometimes  confined  to  a  definite 
tissue.  The  shape  and  size  of  the  cells,  containing  the  crystals,  correspond  to 
the  shape  and  size  of  the  crystalline  deposits  themselves.  Cells  containing crystak 
are  often  not  distinguished  from  the  neighbouring  cells,  but  in  other  cases  they 
appear  as  idioblasts.  The  following  special  t3rpe8  of  crystal-receptacles  are 
01  systematic  importance :  (a)  crystal-idioblasts  actually  or  apparently  situ- 
ated in  the  epidermis  (see  §  2,  p.  1075) ;  (b)  cells  containing  clustered  crystals 
or  sphaerites  and  projecting  towards  the  exterior  in  the  form  of  a  papilla  or 
hair  (in  certain  Euphorbiaceae,  Fig.  180,  If,  S,  p.  748) ;  (c)  small  cells,  contain- 
ing clustered  crystals  and  bordering;  on  the  intercellular  spaces  into  which  they 
often  project  like  papillae,  in  certam  Nyniphaeaceae  (Fig.  11,  B,  p.  ^7),  Halcnra- 
geae  (Fig.  72,  -4,  p.  337),  and  Onagrarieae  (Trapa) ;    (d)  crystal-idioblasts, 


'  See  also  Wittlm,  Kalkozalattaschen,  Bot.  CeotralbL,  1896,  iii,  p.  $3  et  seq.  and  Mobios, 
Festlegong  der  KalkuJze  a.  Kietelsiliire,  Ber.  deotsch.  boU  Gesellsch.,  1908,  p.  39  et  seq. 
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provided  with  a  gelatinized  or  merely  thickened  inner  wall,  in  the  mesophyil 
of  certain  Dipterocarpeae ;  {e)  small  cells  bearing  clustered  crystals,  which 
bring  about  a  blocking  up  of  the  respiratory  cavities  (Pilocarpus^  Rutaceae) ;  (/) 
transversely  septate  palisade-cells  with  a  single  clustered  or  solitary  oystal  in 
the  compartments ;  (g)  idioblasts  in  the  tissue  of  the  leaf,  filled  with  a  solitary 
or  clustered  crystaX  such  idioblasts  having  wide  lumina  and  often  being  dis- 
tinguished by  their  spherical  shape  ;  (k)  groups  of  cells  with  clustered  crjrstak 
in  the  mesophyil  (Pemphis^  Lythrarieae) ;  {%)  entire  layers  of  crystal-cells,  lying 
parallel  to  the  surface  of  the  leaf  (e.g.  in  certain  Celastrineae,  Melastomaceae  or 
Samydaceae) ;  (j)  sheaths  composed  of  crystal-cells  in  the  veins  of  the  leaf ;  (k) 
the  '  cristarque  -cells  of  the  leaf  and  axis  (see  §§  7  and  51) ;  and  (Q  chambered 

Eenchyma  with  soUtary  crystals  (in  the  wood  and  bast)  or  clustered  crystals 
the  udst),  A  special  and  pecuUar  mode  of  occurrence  of  acicular  crystak  is 
nd  in  the  fluke-cells  of  the  anchor-like  shaggy  hairs  of  Cranocarfms  (Papnlio- 
naceae.  Fig.  59,  G,  p.  260)  and  in  the  tenmnal  cells  of  the  stinging  hairs  of 
Tragia  and  other  Euphorbiaceae  (Fig.  180,  P,  Q,  p.  748). 

It  remains  to  mention  that  the  oystalline  forms  of  oxalate  of  lime  (and 
especially  large  clustered  or  solitary  crystals,  styloids,  which  often  traverse 
the  entire  thickness  of  the  leaf  at  right  angles  to  its  surface,  and  bundles  of 
raphides,  orientated  in  the  same  direction)  frequently  give  rise  to  delicate  or 
distinct  transparent  dots  in  the  leaf,  while  raphides,  when  lying  parallel  to  the 
surface  of  the  leaf,  may  produce  transparent  striulae. 

§  23.  Sphaerocrystals  (sphere-crystals)  \  Sphaerocrystals  which  do  not 
consist  of  oxalate  of  lime  have  been  observed  in  herbarium-  or  alcohol-material 
of  a  numb^  of  plants.  Only  in  a  few  cases  is  their  chemical  nature  at  all  dearfy 
known.  In  some  Orders  they  consist  of  inulin,  in  the  Ampelidaceae  perhaps  of 
dssose,  in  certain  Cruciferae  and  Rutaceae  of  a  substance  resembling  nesperidin, 
in  certain  Euphorbias  of  calcium  phosphate  and  calcium  malophosphate,  &c. 

lanlin  *  has  been  demonstrated  in :  Violarieae,  Malpighiaceae ',  Droseraceae, 
Compositae,  CandoUeaceae,  Goodeniaceae,  Campanulaceae,  Lobeliaceae  and  Myopo- 
nneae ;  sphaerocrystals  of  a  different  chemical  composition  in :  Ranunculaceae, 
Memspermaceae,  Cruciferae,  Capparideae,  Violarieae,  Temstroemiaceae,  .^Eros- 
hurgeria^  Geraniaceae,  Rutaceae,  Uicineae,  AmpeUdaceae,  Papilionaceae,  Ciomoso- 
mataceae,  Lythrarieae,  Caprifoliaceae  (Adoxa)\  Passifloraceae,  Cacteae,  Ficoideae, 
Rubiaceae,  Valerianeae,  Calycereae,  (Compositae,  Campanulaceae,  Asclepiadeae, 
Nolaneae,  ^gaoniaceae,  Verbenaceae,  Labiatae,  BaseUaceae,  Nepentbaceae,  Chlo- 
ranthaceae,  Tnymelaeaceae,  Santalaceae,  Myzodendron,  Euphorbiaceae,  Moraceae, 
Urticeae,  Salicineae.    For  sphaerites  of  oxalate  of  lime,  see  §  22,  p.  1 105. 

§  24.  Crystalloids  *.  Crystalloids,  which  occur  in  the  nuclei,  the  chro- 
matophores  or  the  cell-sap,  and  are  either  crystalline  or  of  some  other  shape, 
have  a  wider  distribution  than  has  generally  been  supposed. 

They  are  found  in  certain  Berberideae,  Nymphaeaceae,  Capparideae,  Caryo- 
phylleae,  lineae,  Geraniaceae,  Aceraceae,  Papilionaceae  (accoroing  to  Baccarmi, 
m  the  floral  organs),  Halorageae,  Passifloraceae  (spindle-shaped),  Cacteae  (spindk- 


>  Hansen,  in  Arb.  bot.  Inst.  Wiirzbiirg,  iU,  1884:  Leitgeb,  in  MittdL  bot.  Inst.  Gru,  188II 
Heft  a,  p.  a57  et  sea. ;  Baocaiini,  in  Malpighia,  1888,  p.  i  et  seq. ;  see  also  Schaazschmidt,  ia 
Magyar  novenyt.  lapok,  1881,  p.  134  et  seq.  (abstr.  in  Bot  CentralbL,  iSSs,  i,  p.  46 ;  and  JcErt, 
i88a,  i,  p.  41  a). 

*  Gr.  Krans,  in  Bot.  Zeit.,  1875,  p.  171,  and  1877,  p.  ^29 ;  H.  Fisdier,  in  Cohn,  Beitt.,  via, 
1898,  p.  53  et  seq. ;  Bay,  Materials  for  a  monograph  of  tnalin,  Transact.  Acad.  Sw  Loois,  vi,  1895, 
p.  151  et  seq. 

'  See  the  papers  by  Hartwich,  &c,  cited  in  the  literatnre-snpplement,  p.  11 71. 

*  According  to  Eichinger,  Diss.,  Munich,  1907. 

"  Leitgeb,  Krystalloide  in  Zellkemen,  Mitteil.  bot.  Instit.  Graz,  1888,  p.  113  et  seq. ;  Zinnnar- 
mann,  Beitr.  z.  Morph.  n.  Biol.  d.  Pflanzenzelle,  TQbingen,  Heft  i,  1890,  p.  54  et  8eq•,^alld  H^t  i, 
1891,  p.  112  et  seq. ;  Stock,  Proteinkrystalle,  in  Cohn,  Beitr.,  yi,  1893,  p.  ii3et  seq. 
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shaped,  annular,  or  filiform.  Fig.  93,  p.  413),  Droseraceae  (as  in  the  Cacteae)^  Aralia- 
ceaei,  Candolleaceae,  Campanulaceae,  Ericaceae,  Oleaceae,  Gentianeae,  Convolvnla- 
ceae,  Scrophularineae,  Lentibularieae,  Gesneraceae,  Bignoniaceae,  Verbenaceae» 
Amarantaceae,  Phytolaccaceae,  Nepenthaceae,  Euphorbiaceae,  Urticeae. 

§  25.  Other  Cell-Contents.  The  following  enumeration  deals  with 
cell-contents  other  than  those  hitherto  mentioned ;  the  deposits  in  question 
for  the  most  part  occur  only  in  herbarium-material  and  are  rarely  found 
in  the  living  plant  as  well ;  the  latter  is  the  case  with  the  deposits  of  gypsum, 
occurring  in  the  epidermis  of  certain  Capparideae  (Fig.  18,  £,  F,  p.  68),  and  the 
characteristic  clustered  and  soUtary  cr)^tals  of  the  Salvadoraceae,  which  con- 
sist of  an  imknown  organic  salt  of  lime  (Fig.  120,  A,  B,p,  527). 

Apart  from  the  prismatic  crystals  of  gypsum,  found  in  the  epidermis  of  the 
leaf  of  certain  Cappandeae,  and  the  pecuUar  crystalline  elements  of  the  Salvadora- 
ceae,  the  following  special  contents  nave  been  observed :  (a)  crystalline  bodies  of 
diverse  kinds  and  of  unknown  chemical  composition,  in  certain  Berberideae  (Fie;.  9, 

!).  44),  Nymphaeaceae,  Polygaleae,  Temstroemiaceae,  Malvaceae,  ZygophyUeae 
here  in  part  also  present  in  the  intercellular  spaces),  Gunnera,  Onagrarieae,  Umbel- 
hferae,  Myoporineae,  Selagineae,  Polygonaceae  and  Piperaceae ;  (6)  crystals  of 
hesperidin  in  certain  Rutaceae  (Fig.  40,  p.  175) ;  {c)  crystals  of  carotin  in  certain 
Onagrarieae  and  Scrophularineae;  {d)  berberin,  which  gives  a  yellow  coloration  to 
the  wood,  in  the  Ranunculaceae,  Menispermaceae,  and  Berberideae;  {e)  rhamno- 
cathartin,  filling  the  medullary  rays  of  the  cortex  with  yellow  contents,  in  the 
Rhamneae  ;  (/)  cissose  in  the  Ampelidaceae  ;  (g)  saponin-like  substances  ^  in  the 
Caryophylleae,  Sapindaceae,  Papilionaceae,  Rosaceae  {Quillafa)  and  Cacteae; 
(A)  crjrstals  of  quinme  in  the  Ctnt^Aotta-barks  ;  {i)  crystals  of  cumarin  in  the  leaves 
of  Lia$ris  odoratissima  (Compositae) ;  (/)  scutellarin  m  the  Labiatae  ;  {k)  oroxylin, 
in  the  form  of  a  green  wax-like  sul^tance,  in  Oroxylum  (Bignoniaceae) ;  (/)  balano- 
phorin,  a  body  resembling  wax,  in  the  Balanophoreae ;  (m)  crystals  of  indigo  or  bodi^ 
consisting  of  indican,  in  many  Papihonaceae  (secretions  containing  indican  also  in 
the  secretory  cells  of  Aristolochia  L,indeniana  var.,  and  in  the  secretory  cavities  of 
certain  Olacineae,  these  secretions  taking  on  a  blue  colour  with  eau  de  Javelle ; 
for  blue  cystoliths,  see  under  Acanthaceae,  p.  1019) ;  (n)  lastly,  alumina-bodies  * 
in  the  mesophyll  and  cortex  of  the  species  of  Symplocos  (Styraceae). 

As  a  general  rule  no  very  great  degree  of  systematic  value  can  be  attributed 
to  the  occurrence  of  fat-bodies  *,  which  are  found  in  the  assimilatory  tissue  (especially 
the  palisade-tissue)  in  herbarium-material  of  species  belongmg  to  numerous  Orders, 
and  are  occasionally  doubly  refractive.  For  the  distribution  of  these  bodies,  see 
chiefly  Petit,  who  points  out  that  they  are  rare  in  the  Apetalae  and  in  the  Mono- 
cotyledons. With  the  fat-bodies  we  may  class  the  small  caoutchouc-bodies, 
which  occur  side  by  side  with  the  former  in  the  Celastrineae,  and  are  described  as 
characteristic  of  the  Hippocrateaceae  and  Sapotaceae. 

For  the  formation  of  tragacanth  and  the  occurrence  of  gummosis,  see  §  18, 

p.  IIOI. 

§  26.  Silica  ^  It  is  a  familiar  fact  that  silica  occurs  both  as  an  incrusta- 
tion on  the  cell-wall  and  as  a  mass  filling  the  lumen  of  the  cell.  Silidfication 
of  the  cell-membrane  is  a  very  widely  distributed  phenomenon,  which  more 
particxilarly  affects  the  integumental  tissue,  and  chiefly  its  outer  walls.  Silidfica- 
tion of  the  walls  of  hairs  is  of  very  frequent  occurrence,  and  siUdfication  of 
groups  of  epidermal  cdls  is  likewise  a  common  feature ;  the  silidfied  cells  in 


^  Regarding  these  bodies,  see  Kunkel,  in  Arb.  d.  pharmakolog.  Inst.  Dorpat,  ri,  1891,  p.  5; 
Th.  Waage,  in  Phann.  Centralhalle,  189a,  p.  657;  Heyl,  in  Archiv  d.  Pharm.,  1901,  p.  451 ;  and 
Weil,  Saponinsubst.,  Diss.,  Strassbnrg,  1901,  also  in  Archiv  d.  Pharm.,  1901,  p.  363. 

*  Radlkofer,  in  Ber.  dentach.  bot  GeMllich.,  190^,  p.  188  et  leq. 

*  Radlkofer, in Sitz-Ber.  Miinch. Akad^  1889, p.  267 and  1890,1).  la^;  Petit, Globoletrifrmgcnto, 
Comptet  rendns  Acad.  Paris,  cxxxiii,  a*s46in.,  1901,  p.  ia50  and  SpMmlins,  loc  cit,  czzxr,  a*  ito., 
190a,  p.  991. 

*  De  Bary,  Vergl.  Anat,  1877,  p.  108 ;  Kohl,  Kalksalxe  n.  Ki^sdsanre,  1889,  p.  197  et  seq. 
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the  latter  case  are  often  grouped  round  about  silidfied  hairs  or  function  as 
basal  cells  bearing  such  hairs,  and  are  not  uncommonly  visible  to  the  naked 
tyt  as  small  rou^h  laiobs  on  the  surface  of  the  dry  leaf,  in  other  cases  spbmcal 
or  hemispheriod  groups  of  mesophyll-cells,  or  groups  composed  of  epidennal 
cells  and  the  subjacent  cells  of  the  palisade-tissue  undergo  silidficatira,  those 
parts  of  the  walls,  which  abut  on  one  another,  being  affected ;  these  walls  are 
often  considerably  thickened  or  may  even  be  provided  with  cystolith-like 
protuberances  (see  Fig.  i66»  G,  p.  684).  In  other  cases  again,  isolated  cells  of  the 
mesophyll  are  silidfira.  The  features  last  mentioned  are  sometimes  of  relatively 
great  systematic  value  (Oladneae).  Apart  from  that,  the  tendency  to  form 
siUdfied  cells  is  characteristic  of  certam  Orders  (e.g.  Boragineae  and  Aristo- 
lochiaceae).  Groups  of  silicified  cells,  consisting  of  a  malformed  stoma  and  the 
neighbouring  epidermal  cells,  may  conunonly  be  observed,  but  their  occurrence 
is  of  no  value  for  systematic  purposes.  It  remains  to  mention  that  carbonate 
of  lime  often  occurs  side  by  side  with  the  siUca  in  the  silicified  cell-walls  \ 

Cdls  with  strongly  silicified  membranes  have  been  observed  in  the  following 
Orders  :  Dilleniaceae  (emdermal  cells,  mesophyll,  and  spiny  hairs),  Calycanthaceae 
(hairs  and  their  subeidiary  cells),  Magnouaceae  (epid.  cells),  TnKhodendraceae 
(epid.  cells  +  palisade-ceUs),  Menispermaceae  (special  groups  of  epid.  cells), 
Burseraceae  (epidermis),  Olacineae  (cells  of  the  mesophyll,  soutary  or  in  groups. 
Tribe  Olaceae),  Philadelpheae  (epidermis),  Caesalpinieae  (cells  of  the  mesophyll), 
Mimoseae  (epid.  cells  +  paL-cells),  Chrv^balaneae  (epidennis,  cells  of  the  meso- 
phyll, small  knobs  due  to  the  hairs),  Bruniaceae  (epidermis),  Halorageae  (small 
knobs  due  to  the  hairs),  Combretaceae  (epidermis),  Cucurbitaceae  (cells  of  the 
mesophyll,  small  knobs  due  to  the  hairs),  Rubiaceae  (epidermis),  Compositae  (small 
knobs  due  to  the  hairs),  Goodeniaceae  (epidermis  +  cells  of  the  mesophyll), 
Campanulaceae  (reduced  hairs),  Oleaceae  (small  knobs  due  to  the  hairs).  Hydro- 
phyllaceae  (smaU  knobs  due  to  the  hairs),  Boragineae  incL  Cordiaceae  (small  knobs 
due  to  the  hairs),  Gesneraceae  (walls  of  the  hairs),  Biffuoniaceae  (cells  of  the  meso- 
phyll), Acanthaceae  (epidermis),  Verbenaceae  (smaU  knobs  due  to  the  haiis), 
Anstolochiaceae  (epid.  cdls  +  palisade-cdls,  cells  of  the  mesophyll.  Fig.  166, 
p.  684),  Piperaceae  (epidennis),  Cnloranthaceae  (epidermis  +  cells  ot  the  mesophyll, 
cortex),  Proteaceae  (epidermis),  Loranthaceae  (cells  of  the  mesophyll),  Santafaceac 
(cells  of  the  mesophyll),  Myzodendron  (cells  of  the  mesophyll),  Ckamfweia  (cdls  of 
the  mesophyll),  Euphorbiaceae  (small  knobs  due  to  the  hairs,  epidermis),  Urticaceae 
(small  knoljs  aue  to  the  hairs,  epidermis,  cells  of  the  mesophyll,  fibrous  cells  of  tiie 
bast). 

There  are  far  fewer  records  of  the  occurrence  of  siliceous  matter  in  tl^ 
lamina  of  the  cells  than  of  silicification  of  the  cell-wall.  The  siliceous  matter 
appears  in  the  form  either  of  silica-bodies,  which  lie  freely  in  the  lamina 
of  the  cells  and  arise  freely  in  the  protoplasm,  or  of  siUca-plugs  ;  the  latter  are 
either  formed  freely  in  the  protoplasm  or  are  due  to  the  apposition  of  sQiceots 
matter  upon  the  cell-wall,  and  ultimately  fill  the  entire  lumina  of  the  ceUs. 

Tothiscateffory  belong:  the  siliceous  excretions,  found  in  the  mesophyll  of  certain 
Dilleniaceae  and  in  the  epdermis  of  the  leaf  of  a  member  of  tiie  Magnohaceae  ;  the 
silica-bodies  and  silica-plugs  in  the  cortex  of  Eucommia  (Trochodendraceae)  ;  the 
sihca-bodies  in  the  mesophyll  of  species  of  Meliosma  (Sabiaceae) ;  the  sUiceoos 
masses,  filling  (a)  the  sac-shaped  cells  found  near  the  terminatioiis  of  the  veins  in 
Arcan^elisia  (Menispermaceae),  (6)  some  of  the  cells  of  the  parenchyma  accompanying 
the  veins  in  Ficus,  Parartocarpus^  and  SparaUosyce  (Moraceae),  and  (c)  the  spicalar 
cells  of  Centraplacus  (Bixineae)  and  Cynometra  (Caesalpinieae) ;  the  silica-bodies 
and  silica-plu^,  occurring  in  numerous  Chrysobalaneae ;  the  ^ca-bodies  of  the 
Podostemaceae  (Fig.  163,  p.  6^5) ;  the  silica-^lugs  in  the  hypoderm  of  the  leaf  ai 
Thottea  and  Apama  (Aristolochiaceae,  Fig.  166,  H,  /,  p.  684) ;  the  silica-bodies,  found 
in  the  wood-parenchyma*  in  certain  Dipterocarpeae,  Malvaceae,  Sterculiaceae,  Tilia- 


^  For  the  occurrence  of  silica  in  cystoliths  and  cystolith-like  structures,  see  %  28. 
*  BargagU-Petrucci,  in  Malpighia,  190a. 


Digitized  by 


Google 


SECRETORY  AND  EXCRETORY  RECEPTACLES  nil 

ceae,  Burseraceae,  Anacardiaceae  and  Sapotaceae.  Silica-plugs,  moreover,  appear 
to  occur  quite  frequently  in  some  of  the  cells  composing  cell-groups  with  sihofied 
walls.  The  occurrence  of  silica-plugs  in  the  vessels  or  other  cells  of  the  h^trt- 
wood  has  only  been  recorded  in  the  plant  from  which  '  cauto  '-bark  is  obtained 
(Chrysobalaneae)  and  in  some  of  the  Verbenaceae  ;  silica-plugs  have  been  observed 
in  intercellular  spaces  only  in  '  cauto  '-bark. 

§  27.  Carbonate  of  Lime.  Caldflcation  of  the  cell- wall  is  no  common 
phenomenon.  The  parts  chiefly  affected  are  the  walls  of  certain  forms  of 
hairs,  which  in  these  cases  often  have  a  verrucose  surface  (the  most  important 
being  the  '  cystolith-hairs '),  and  the  cystoliths  and  C5^tolith-like  structures 
(see  §  28).  Carbonate  of  lime,  however,  also  occurs  side  by  side  with  the 
silica  in  the  walls  of  the  small  knobs,  formed  by  the  hairs  of  certain  Com- 
positae,  &c.  A  feature  deserving  special  mention  is  shown  by  the  groups  of 
enlarged  epidermal  cells,  found  m  the  leaf  of  Hanburia  (Cucurbitaceae,  see 
Fig.  86,  p.  393) ;  the  conunon  walls  of  contact  between  the  cells  are  encrusted 
with  carbonate  of  lime,  while  at  the  same  time  well-differentiated  crystals  of 
the  same  salt  are  deposited  on  the  walls. 

An  incrustation  of  the  cell-wall  with  carbonate  of  lime  has  been  observed 
in  the  trichomes  of  the  Cruciferae,  Papilionaceae,  Saxifragaceae  (quite  generally 
in  the  Philadelpheae  and  Hydrangeae),  Loaseae,  Cucurbitaceae,  Umbelliferae, 
Comaceae,  Compodtae,  Campanulaceae,  Plocosperma^  Hydrophyllaceae,  Boragineae, 
Scrophularineae,  Gesneraceae,  Verbenaceae  and  Urticaceae  (Figs.  181  and  182, 
pp.  769  and  773). 

In  some  woody  plants  carbonate  of  lime  appears  in  the  form  of  cell- 
contents,  filling  the  vessels  and  other  elements  of  the  wood  (especially  of  the 
heart-wood),  as  well  as  cells  of  the  pith  K  In  order  to  avoid  confusion  with 
resinous  substances,  which  very  frequently  block  up  the  lumina  of  the  vessels, 
it  is  necessary  to  apply  the  well-known  reactions  demonstrating  the  presence 
of  carbonate  of  lime. 

Carbonate  of  lime  has  been  shown  to  occur  in  the  wood  or  pith  in  the  following 
Orders :  .^onaceae,  ZyRoplnfUeae,  Aceraceae,  Rosaceae,  Comaceae,  Epacrideae, 
Sapotaceae,  Urticaceae,  CupuUferae,  SaHdneae. 

§  28.  Cystoliths  and  Structures  Resembling  Cystoliths*.  Under 
cystoliths  in  the  narrower  sense  only  those  protuberances  of  the  cell-wall 
are  understood,  which,  like  the  familiar  cystoliths  of  Ficus,  show  differentiation 
into  a  stalk  and  a  body.  As  a  rule  both  carbonate  of  lime  and  silica  play 
a  part  in  the  incrustation  of  the  cystoUth,  the  lime  being  deposited  chiefly 
in  and  on  the  body,  while  the  silica  is  mostly  confined  to  the  stalk  and  the 
nucleus  of  the  cystoUth.  These  structures  are  still  described  as  cystoliths, 
when  carbonate  of  lime  is  absent  (uncalcified  cystoliths,  *  (^totyles '  of  Radl- 
kofer),  the  body  of  the  cystolith  in  such  a  case  occasionally  becoming  suberized 
or  limified.  They  even  remain  cystoliths,  when  they  consist  throughout  of 
silicined  cellulose.  We  may  at  once  note  that  these  differences  in  the  nature 
of  the  incrustation  are  of  no  very  great  systematic  value,  since  cystoliths  with 
and  without  incrustation,  and  c3^toliths  showing  diverse  types  of  incrustation 
may  occur  side  by  side  even  in  one  and  the  same  species. 

Cystoliths  are  found  in  the  integumental  tissue  and  mesophyll  of 
the  leaf  and  in  the  pith  and  cortex  of  the  axis  ;  they  have  not  hithalo  been 
observed  in  the  wood.  In  the  majority  of  cases  they  occur  chiefly  in  the 
epidermis  of  the  leaf,  where  they  fill  cdls  which  are  often  of  large  size  and 


^  See  Molisch,  in  Sitz.-Ber.  Wiener  Akad.,  Ixxxir.  Abt.  i,  1881. 
*  See  especially  Kohl,  Kalksalze  o.  Kietelsiare,  1889,  p.  115  et  seq. 
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have  a  shape  adapted  to  that  of  the  c3^tolith  ;  these  celk  penetrate  into  the 
inner  tissues  and  mostly  participate  in  the  formation  of  the  surface  of  the 
leaf  only  with  a  small  part  of  their  wall.  At  this  point  the  stalk  of  the  cystolith 
is  generally  attached ;  however^  not  uncommonly  (Acanthaceae),  the  stalk 
appears  to  become  resorbed  secondarily.  Well-developed  cystoliths  are  occa- 
sionally found  also  in  epidermal  cells,  which  are  differentiated  as  papillae  or 
short  hairs.  The  shape  of  the  cj^toliths  varies,  being  spherical,  ellipsoidal, 
fusiform^  &c. ;  they  are  mostly  unbranched,  branched  cystoUths  being  rare 
(certain  Acanthaceae,  Hemandiaceae  and  Urticaceae).  The  shs^  of  the 
cystoUths  can  often  be  determined  with  the  help  of  a  lens,  since  m  the  dry 
leaf  they  frequently  appear  in  the  form  of  dots,  striulae  or  small  star-like 
structures.  By  the  combination  of  two  or  more  cystoUths  or  of  the  cells 
containing  them  ('  Uthocysts '  of  Radlkofer)  there  result  the  double  cystoliths 
or  groups  of  cystoUths,  which  occur  in  the  OpiUeae  (Fig.  47,  p.  203),  in  certain 
Cucurbitaceae  (Fig.  85,  p.  391)  and  Acanthaceae  (Fig.  144,  p.  615),  and  in 
Champereia  (Fig.  179,  p.  736).  In  these  structures  the  stalks  of  the  cystoUths 
are  attached  to  the  common  waU  of  contact,  or,  in  the  case  of  groups  of  cysto- 
Uths, to  the  walls,  which  abut  on  one  another. 

CystoUths  have  been  observed  in  the  Olacineae  (all  OpiUeae,  Fig.  47,  p.  203), 
Cucurbitaceae  (Momordica  and  Coccinia,  Fig.  85,  p.  391),  Boragineae  {Toumefortia 
and  Cordia,  Fig.  127,  A,p,  559),  Gesneraceae  {Klugia  BJidRhynchoglossum)\  Acantha- 
ceae (very  widely  distributed.  Fig.  144,  p.  615  ;  regarding  wue  cystoUths,  sec 
under  Acanthaceae,  p.  10 19),  Hemandiaceae  (Gyrocarpus  and  SparaUanthelium, 
Fig.  172,  p.  708),  Champereia  (only  in  the  axis,  Fig.  179,  p.  736),  and  Urticaceae 
(certain  Ulmaceae,  Cannabineae,  Moreae  and  Urticeae,  Figs.  182  and  183,  -^,  pp.  773 
and  776), 

The  structures  resembling  cystoliths  differ  from  true  cystoUths  in  the 
fact  that  the  stalk  is  absent,  or  at  least  not  distinctly  differentiated.  As  in 
the  case  of  the  typical  cystoUths,  the  cystoUth-Uke  structures  are  encrusted 
either  with  carbonate  of  lime  and  siUca,  or  only  with  the  one  or  the  other  sub- 
stance. Structures  resembling  cystoUths  are,  in  the  first  place,  found  in  tri- 
chomes,  and  are  then  known  as  hair-cystolitiis  (Figs.  82, 127, 181,  G,  and  182, 
pp.  379,  559,  769,  773).  These  hair-cystoUths  either  arise  from  the  lateral 
waU  at  the  base  of  the  hair  or  form  a  continuation  of  the  body  of  the  hair, 
which  is  fiUed  for  a  varjdng  distance  with  caps  of  ceUulose,  the  latter  being 
either  calcified  or  siUcified,  or  both  calcified  and  siUcified.  The  differentiation 
of  the  hair-c5^toUths  shows  an  antagonistic  relation  between  the  development 
of  hairs  on  the  one  hand  and  of  cystoUths  on  the  other,  inasmuch  as  the 
greater  the  reduction  in  the  length  of  the  hair,  the  more  strongly  developed 
are  the  bodies  of  the  cystoUths,  and  the  more  closely  do  they  resemble  the 
typical  cystoUths  (see  Figs.  181,  182,  pp.  769,  773).  PapiUose  epidermal 
ceUs  are  frec^uently  seen  to  contain  tjrpicad  c3^toUths  (see  above).  So  that, 
whilst  the  hau'-c)^toUths  on  the  one  hand  are  connected  by  transitional  forms 
with  typical  cystoUths,  we  find  on  the  other  hand  aU  transitions  from  hair- 
cy^toUths  to  hairs  showing  complete  reduction  of  the  bodies  of  the  cystoUths,  cul- 
minating in  hairs,  which  are  simply  calcified.  With  the  c3^toUth-hke  structures 
we  may  also  class  thickenings  of  the  ceU-waU  (briefly  described  as  protuber- 
ances in  the  ssoiopsis,  which  foUows  below),  which  are  found  projectm^  in  the 
form  of  humps  into  the  lumina  of  the  subsidiary  cells  of  certain  kmds  ol 
trichomes  (the  latter  being  calcified  or  siUcified  or  provided  with  hair-cysto- 
Uths, Fig.  127,  C,  Z>,  p.  559),  and  now  and  then  also  occur  independently  of  the 


*  The  structures,  observed  by  Clarke  (Hooker,  Icooes,  Plate  1798,  ed.  188S)  in  the  leaf  of  the 
Gesneraceous  species  Hemibota  Henryi,  Clarke  and  interpreted  by  him  as  cystoliths,  are  not 
cystoliths,  but  rod-shaped  spicniar  cells,  as  I  am  able  to  state  on  the  basis  of  a  recent  investigatioii. 
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hairs  in  groims  of  epidermal  cells  (see  Fig.  85,  p.  391)  or  in  the  ground  tiss^t 
of  the  leaf  (Fig.  179,  p.  736)  ;  we  may  also  include  here  the  local  peg-shai]^ 
thickenings  found  in  certain  species.  The  cystolith-like  structures  louna  in. 
the  subsimary  cells  of  the  hairs  arise  from  those  parts  of  the  w^dls  which  abut> 
on  the  trichomes ;  the  latter  are  invariably  unicellular.  TTie  hthocj^ts  form 
small  knobs  at  the  bases  of  the  hairs,  sometimes  together  with  calcified  wd. 
silicified  cells  devoid  of  cystolith-like  structures  (cf .  §  26). 

Structures  resembling  cystoliths  have  been  observed  in :  Cistineae  (species  of 
Cistus,  with  silicified  protuberances  in  epidermal  cells,  &c.M,  PapiHonaceae  (species 
of  Cyamopsis  and  Inaigofera^  with  a  calcified  body  resembling  a  cystoUth  in  the 
terminal  cells  of  the  two-armed  hairs),  Mimoseae  (protuberances  in  the  subsidiary 
cells  of  the  hairs,  calcified  in  Affansea),  Samydaceae  (Homalium  donquaiense,  with 
silicified  protuberances  in  the  mesophyll),  Loaseae  (hair-C3^8toliths,  protuberances 
in  the  suDsidiary  cells  of  the  hairs.  Fig.  82,  p.  ^79)>  Cucurbitaceae  (as  in  the  Loaseae, 
see  also  Fi^.  85,  p.  ^91),  Compositae  (caldned  protuberances  sometimes  present 
in  the  subsidiary  ceUs  of  the  hairs),  Campanulaceae  (protuberances  in  reduced 
trichomes,  in  the  epidermal  cells  of  the  margm  of  the  leaf  and  in  the  subsidiary  cells 
of  the  hairs,  occasionally  calcified),  Myrsineae  (protuberances  in  the  epidermis  of  the 
leaf  in  Clavija  boliviensts),  Oleaceae  (silicified  protuberances  in  the  subsidiary  cells  of 
the  hairs  of  Nyctanthes),  Plocosperma  (calcified  protuberances  in  the  subsidiaiy  cells 
of  calcified  hairs),  Polemoniaceae  (silicified  protuberances  in  papillose  epidermal  ceUs' 
and  hair-cells),  Hydrophyllaceae  (hair-cystoliths  and  protuberances  m  subsidiary 
cells  of  the  hairs,  calcined),  Boragineae  (as  in  the  previous  case.  Fig.  127,  p.  559)» 
Scrophularineae  (hair-c3rstoliths  and  protuberances  in  the  subsidiary  ceUs  of  tiie 
hairs,  calcified),  Verbenaceae  (as  in  the  previous  Order),  Loranthaceae  (silicified  pro* 
tuberances  in  the  epidermis  and  mesophyll),  Santalaceae  (silicified  protuberances  in 
the  ground  tissue),  Champereia  (as  in  the  previous  case.  Fig.  179,  p.  736),  Euphorbia- 
ceae  (silicified  protuberances  in  the  subsidiary  cells  of  the  hairs  of  Bemardia)^  Urtica- 
ceae  (hair-cystoliths,  protuberances,  some  of  them  peg-shaped,  in  the  subsidiary 
cells  of  the  hairs,  and  in  epidermal  cells,  hypodermal  cells  ana  cells  of  the  mesophyll, 
calcified  or  silicified.  Figs.  181,  182,  pp.  769,  773). 

We  may  also  include  here  the  small  peg-shaped  structures  arising  from  the 
outer  walls  of  the  epidermal  cells  in  Eryinroxylon  obtusum  (Lineae),  and  the  peg*- 
shaped  bodies  found  in  special  epidermal  cells  in  the  leaf  of  Anamirta  and  Arcan- 
gelisia  (Menispermaceae),  the  cells  in  question  functioning  as  hydathodes. 

Quite  a  special  form  of  the  structures  resembling  cystoliths  is  constituted 
by  the  uncalcined  cystotyles  and  cystospheres,  which  occur  in  certain  Begonia- 
ceae,  and  are  arranged  in  pairs  after  the  manner  of  the  double  cystoliths ; 
they  have  an  approximately  hemispherical  shape  and  are  inserted  on  the 
common  wall  of  contact  between  their  lithocysts  by  means  of  a  small,  scarcely 
marked  stalk.  The  cystotyles  of  the  Begoniaceae  are  distinguished  by  the 
fact  that  they  consist  of  a  mucilaginous  ground-substance,  which  after  treat- 
ment with  alcohol  shows  concentric  stratification  and  radial  striation,  while 
in  some  of  the  cystotyles  the  ground-mass  is  impregnated  with  a  resinous 
substance.  The  distinctive  character  of  the  cystospheres  lies  in  their  being 
composed  of  a  mass  of  secretion,  which  is  enclosed  in  a  kind  of  sac  ;  for  details 
see  pp.  402,  403,  and  Fig.  87.  The  c3^tospheres  are  closely  related  to  the 
secretory  cells  of  certain  Magnoliaceae,  Canellaceae,  &c.,  in  which  the  secretion 
is  enclosed  in  a  peculiar  pouch  ;  cf .  §  14,  p.  1096. 

We  may  mention  the  following  facts  regarding  the  systematic  impor- 
tance of  the  c3rstoliths  and  cystolith-like  structures.  The  cystoliths  in  the 
strict  sense  have  proved  to  be  of  most  value,  for  they  occur  only  m  a  few  Orders 
and  are  characteristic  of  whole  tribes  or  genera.  How  far  the  shape  and 
position  of  the  cystoliths  can  be  employed  for  taxonomic  purposes  is  shown 


'  According  to  Card,  in  Comptet  rendnt  Acad.  Paris,  czIt,  1907. 
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especially  by  the  systematic  papers  dealing  with  the  cystcdiths  of  the  Acan- 
thaceae  and  Urticaceae.  The  cystotyles  and  cvstospheres  of  the  Begoniaceae 
are  not  of  general  occurrence  throughout  the  Order,  but  are  often  character- 
istic of  certain  sections  of  the  genus  Begonia.  Data  as  to  the  extent  to  which 
the  cystolith-like  structures  can  be  employed  in  distinguishing  species  are 
-€OBtamed  chiefly  in  Hex's  and  Priemer's  papers,  which  deal  with  the  cystoliths 
of  the  Cordiaceae  and  Ulmaceae  respectively. 


IV.    Hairy  Covering  ^. 

{  29.  General  Review.  In  this  chapter  I  propose  to  deal  both  with 
the  clothing  hairs  (§§  30-33)  and  the  glandular  hairs  ({  34) ;  in  addition, 
we  may  append  to  our  discussion  of  the  latter  a  consid^ation  of  glandular 
leaf-teeth  (}  35),  large  glandular  mechanisms,  which  mostly  excrete  nectar 
and  are  therefore  generaJly  described  as  extrafloral  nectaries  ({  36),  the  lime- 
and  salt-elands  of  the  Frankeniaceae,  Tamarisdneae,  and  Humbagineae  (§  37)* 
and  special  forms  of  glands  found  in  insectivorous  i>lants  (§  38). 

As  is  well  knoMm,  clothing  and  glandular  hairs  are  distinguished  from 
one  another  by  the  absence  and  presence  respectively  of  secretion.  The 
product  of  the  secretion  is,  however,  not  always  of  an  oily,  resinous  or  muci- 
laginous nature,  but  may  sometimes  (in  the  case  of  hydathodes)  be  nothing  but 
water,  nor  does  the  process  of  secretion  always  continue  throughout  the  life 
of  the  plant ;  very  often,  moreover,  the  plants  are  only  available  for  investiga- 
tion in  the  form  of  herbarium-matenal.  Under  these  circumstances  the 
recognition  of  a  trichome  as  a  clothing  or  glandular  hair  would  be  attended 
with  difficulties  were  it  not  for  the  fact  that  the  glandular  hairs  are  in  almost 
all  cases  distinguished  morphologically  as  well  as  by  their  function,  inasmuch 
as  the  upper  secreting  portion  is  more  or  less  sharply  marked  off  (frequently 
in  the  form  of  a  head)  from  a  basal  portion  resembling  a  stalk,  or  at  least  has 
thinner  walls  than  the  basal  portion.  When  a  systematic  anatomical  investiga- 
tion is  being  undertaken  on  herbarium-material,  it  is  necessary  to  pay  special 
attention  to  these  features.  In  some  cases  living  material  is  mdispensable,  if 
the  nature  of  a  trichome  is  to  be  properly  determined. 

The  systematic  value  of  the  hairy  covering  is  very  great.  In  the 
first  place  the  presence  or  absence  of  glandular  hairs  affords  an  important 
feature,  which  is  sometimes  characteristic  of  entire  Orders,  while  in  other 
Orders  it  only  serves  to  distinguish  genera  or  species.  In  the  second  place  the 
morphological  structure  of  the  hai^  is  to  be  taken  into  consideration.  As 
regards  the  clothing  hairs,  a  first  point  of  great  importance  is  whether  they  are 
unicellular  or  uniseriate.  Although  these  two  forms  of  hairs  are  not  at  all 
uncommonly  found  side  by  side  in  the  same  species  (often  even  on  the  same 
organ  of  the  plant),  in  certain  Orders  we  find  that  without  exception,  or  almost 
without  exception,  only  unicellular  or  only  uniseriate  hairs  are  present  either 
CMi  all  the  organs  of  the  plant  or  at  least  on  the  vegetative  organs.  In  the 
PapiUonaceae  and  (^mpositae,  for  instance,  nearly  all  the  clothing  hairs  hitherto 
observed  are  uniseriate,  while  in  the  Cruciferae  only  unicellular  clothing  hairs 
have  been  recorded.  In  the  case  of  multicellular  glandular  hairs,  a  feature 
which  is  quite  especially  valuable  for  taxonomic  purposes  has  been  shown  to 
lie  in  the  mode  of  division  of  the  head ;   in  some  cases  the  head  is  divided 


■  See  A.  WeisB,  Pflanzenh.,  Berlin,  1867,  also  in  Kanten,  Bot  Untersodu,  Bd.  i ;  Martiflct,  u 
Ann.  ic  nat,  s^.  5,  t.  xiv,  1872 ;  De  Bary,  Vagi.  AnaL,  1877 ;  Theorin,  Vazttrichom.,  AichiT  w 
Bot,i,  iii,  and  iv,  1903-5 ;  Hinch,  Untenach.  iiber  d.  EntwickL  d.  Haaie  bei  den  Pfl.,  Diss.,  BerliB, 
1899,  41  pp.,  also  in  Fiin£itiick,  Beitr.,  iv. 
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exclusively  by  means  of  vertical  walls,  while  in  other  cases  the  division-walls 
are  horizontal,  or  both  horizontal  and  vertical.  In  this  way,  lor  example,  it 
is  possible  to  distinguish  the  Scrophularineae  from  the  Solanaceae,  since  the 
Scrophularineae  have  glandular  hairs  of  the  first  type,  while  the  Solanaceae 
have  those  of  the  second  type.  In  the  third  place  an  abundance  of  useful 
characters,  serving  to  distinguish  taxonomic  groups  of  varying  magnitude 
down  to  species,  is  afforded  by  the  numerous  modifications  in  the  form  and 
size  of  the  hairs ;  in  the  case  of  the  clothing  hairs  similar  characters  are  pro- 
vided by  the  shape  of  the  cells  composing  mt  hairs,  as  well  as  by  the  nature 
of  their  walls  and  lumina,  and,  in  the  case  of  the  glandular  hairs,  by  the  struc- 
ture of  the  secreting  portion  and  stalk,  and  the  localization  and  nature  of  the 
secretion. 

In  some  Orders,  genera,  and  species  only  one  form  of  hair  is  found,  but 
in  other  cases  two  or  more  tjrpes  of  hairs  are  present.  In  the  latter  case  a 
certain  definite  plan  of  structure  frequently  reappears  in  all  the  different  forms 
of  hairs  belonging  to  the  same  Order  (see  Cruciferae,  Droseraceae,  Loganiaceae- 
Buddleioideae,  Convolvulaceae,  &c.),  ^enus  or  species. 

In  investigating  the  hairy  covermg  with  a  view  to  its  employment  for 
systematic  purposes  it  is  advisable  to  make  the  investigation  a  comparative 
one,  and,  wherever  possible,  always  to  examine  the  same  organs  of  the  plant, 
viz.  in  the  first  place  the  leaf,  then  the  axis,  and  only  as  a  last  resort  (namely, 
when  no  trichomes  are  to  be  found  on  the  vegetative  organs)  the  reproductive 
organs  ^. 

§  30.  Classification  of  the  Clothing  Hairs.  The  typical  forms  of 
clothing  hairs  may  be  distinguished  as  follows : — I.  Simple  clothing  hairs 
or  briefly  hairs,  which  are  formed  by  a  single  cell  (not  developed  as  a  flat 
structure),  or  by  a  row  of  two  or  more  cells.  II.  Pdltate  hairs,  scales  or  lepides, 
i.e.  sessile  or  stalked  structures,  which  consist  in  the  main  either  of  a  sinjgle  cell, 
developed  as  a  flat  surface  (in  the  formation  of  which  the  stalk  may  participate), 
or  of  a  varying  number  of  cells  arranged  in  one  or  more  layers;  with  the  peltate 
hairs  we  m^  associate  the  stellate  and  candelabra-hairs,  discussed  in  §§  31 
and  32.  III.  Shaggy  hairs,  i.e.  filiform  structures,  the  base  of  whidi  at 
least  consists  of  two  or  more  rows  of  cells,  such  hairs  being  either  of  epidermal 
oxmn  or  of  the  nature  of  emergences ;  and  with  them  we  may  class  warts 
and  spines,  i.e.  massive  multicdlular  structures,  which  either  have  blunt  or 
pointed  ends  and  are  likewise  partiy  of  the  nature  of  emergences. 

§  31.  Simple  Clothing  Hairs.  This  section  first  contains  a  s3mopsb 
of  the  distribution  of  the  ordinary  (mostiy  filiform)  unicellular  and  uni- 
seriate  clothing  hairs  in  the  different  (Orders ;  unicellular  hairs,  which  show  a 
vesicular  or  papillose  differentiation,  are  summarized  under  a  separate  heading. 
It  is  impossible  to  enter  into  details  here  regarding  the  manifold  individual 
differences  in  structure  shown  by  the  simple  clothing  hairs  (already  in  part 
referred  to  in  §  29) ;  these  differences,  which  concern  the  length,  shape,  and 
structure  of  the  walls  and  lumina  of  the  cells  composing  the  hairs,  and  (more 
especially  as  regards  the  uniseriate  trichomes)  also  the  structure  and  position 
of  the  division-walls  and  the  mode  of  demarcation  of  the  cells,  can  all  be 
employed  for  systematic  purposes,  when  their  constancy  has  been  sufficientiy 
established.  Only  a  few  forms  of  hairs,  which  are  quite  particularly  note- 
worthy (e.g.  especially  bracket-hairs,  two-  and  one-armed  hairs,  and  branched 


^  The  hairs  (and  especially  the  glandular  hairs),  found  in  the  floral  region,  occasionally  show 
a  reduced  form  or  even  an  altmd  plan  of  structure  as  compared  with  the  hairs  present  on  the  leaves 
of  the  same  species ;  see,  for  instance,  under  Verbenaceae,  p.  loai. 
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hairs  of  the  stellate  and  candelabra-types,  which  can  be  derived  from  unicellular 
and  nniseriate  hairs),  will  be  considered  in  greater  detail  and  with  special  refer- 
ence to  their  distribution. 

I.  Unic^ular  clothing  hairs  of  a  papillose  or  vesicular  type  (cL  also  §  2, 
p.  1076)  have  been  observed  in  the :  Kesedaceae,  Fumariaceae,  Caryophylleae, 
Portulaceae,  Geraniaceae,  Celastrineae,  Hippocrateaceae,  Rhamneae,  Aceraceae, 
Coriarieae,  Papilionaceae  (rare  and  only  occurring  in  those  species,  which  have  a 
papillose  epidermis),  Crassulaceae  (Fig.  70,  B^  C,p.  321),  Halorageae,  Melastomaceae, 
Lythrarieae,  Ficoideae,  Umbelliferae,  Rubiaceae,  Campanulaceae,  Loganiaceae, 
Gentianeae,  Polemoniaceae,  Plantagineae,  lUecebraceae,  Amarantaoeae,  and  Mora- 
ceae.    For  the  development  of  ordinary  pa^llae  on  the  epidermis,  see  {  i,  p.  1073. 

II.  Ordinary  nniceUular  clothing  hairs  ^  of  greater  length  have  been  observed 
in:  Ranunculaceae  (Fig.  i,p.  16,  see  also  III),  Dilleniaceae,  Calycanthaceae (Fig. 3, 
p.  2^),  MagnoUaceae  (see  III),  Trochodendraceae  (see  III),  Anonaceae  (see  III), 
Memspermaceae  (see  III),  Berberideae  (see  III),  Sarraceniaceae,  Cmciferae  (Fig.  15, 
p.  63),  Capparideae  (Fig.  19,  p.  75,  see  III),  Resedaceae,  Cistineae  (Fig.  21,  p.  81), 
Violarieae  (see  III),  Bixineae  (see  III),  Tremandreae,  Polygaleae  (see  III),  Vochy- 
siaceae,  Frankeniaceae,  Portulaceae,  Tamariscineae,  Elatineae  (see III),  Hyperidneae 
(see  III),  Guttiferae  (see  III),  Temstroemiaceae  (see  III),  Dipterocarpeae,  MonoUs, 
Chlaenaceae,  Malvaceae  (see  III),  Sterculiaceae  (see  III),  Tiliaceae  (see  III),  Rhapto- 
petalaceae,  Lineae,  Humiriaceae  (see  III),  Zygophylleae  (Fig.  38»  P*  168),  Goraniaceae 
(see  III),  Rutaceae  (see  III),  Simarubaceae(see  III),  Koeberlinia,  Balanites^Odmaoat 
(see  III),  Burseraceae  (see  III),  MeUaceae  (see  III),  Cbailletiaceae  (Fig.  46,  p.  ip^lf 
Olacineae  (see  III),  Ihcineae  (see  III),  Celastrineae  (see  III),  Pentaphylacaceae, 
Stackhousieae,  Rhamneae  (see  III),  AmpeUdaceae  (see  III),  Samndaceae  (see  III)f 
Hippocastanaceae  (see  III),  Aceraceae  (see  III),  Staphyleaceae,  Sabiaceae  (see  III), 
Anacardiaceae  (see  III),  Moringeae,  Connaraceae,  Caesalpinieae  (see  III),  Mimoseae 
(see  III)  Rosaceae,  Saxifragaceae  (see  III),  Droseraceae,  Hamamelideae,  Bruma- 
ceae,  Halorageae  (see  III,  Gunneroideae,  Schindl.),  Rhizophoraceae,  Combretaceae 
(Fig.  76,  p.  346),  Myrtaceae  (sens,  str.),  Lecythidaceae  (see  III),  Melastomaccae  (rare, 
see  III),  L)rthrarieae  (see  III),  Onagrarieae  (see  III),  Samydaceae  (see  III),  Loascae 
(Fig.  82,  p.  379,  see  III),  Tumeraceae  (see  III),  Passifloraceae  (see  III),  Cucurbita- 
ceae  (see III),  Cacteae  (see  III),  Ficoideae,  Umbelliferae  (see  III),  Comaceae,  Capri- 
foUaceae,  Rubiaceae  (Fig.  loi,  p.  446,  see  III),  Valerianeae  (see  III),  Dipsaceae, 
CandoUeaceae,  Goodeniaceae  (see  III),  Campanulaceae  (see  III),  Lobeliaceae  (see 
III),  Vacciniaceae  (see  III),  Ericaceae  (see  III),  Monotropeae,  Epacrideae  (see  III)t 
Diapensiaceae,  Rimibagineae,  Sapotaceae  (Delpydora),  Ebenaceae,  Oleaceae  (see  III), 
Salvadoraceae,  Apoc3aiaceae  (see  III),  Ascle^adeae  (see  III),  Loganiaceae  (see  in)t 
Phcosperma,  Gentianeae  (see  III),  Polemomaceae  (see  III),  HydrophyUaceae  (see 
III),  Boragineae  (Fig.  127,  p.  559,  see  III),  Cuscuteae  (see  III),  Nolaneae  (see  III), 
Solanaceae  (rare,  see  III),  Scrophularineae  (see  III),  Orobanchaceae  (see  III),  Od^' 
melliaceae,  Bignoniaceae  (see  III),  Pedalineae  (see  III),  Acanthaceae  (see  III),  Vcr- 
benaceae  (see  III),  Labiatae  (see  III),  lUecebraceae  (see  III),  Amarantaceae  (see  III)* 
Chenopodiaceae  (very  rare,  see  III),  Polygonaceae  (see  III),  Mjnristicaceae,  MoDiini&' 
ceae,  Laurineae,  Hemandiaceae,  Proteaceae  (see  III),  Thymelaeaceae,  Ociolef^* 
Gony stylus,  Penaeaceae,  Geissoloma,  Santalaceae  (see  III),  Myzodendron,  GruMa, 
Balanophoreae,  Euphorbiaceae  (see  III),  Buxaceae  (see  III),  IHmaceae  (mostly,  see 
III),  Cannabineae  (see  III),  Moraceae  (see  III),  Urticeae,  Thelygoneae,  Juglandeae, 
Myricaceae  (see  III),  Cupuliferae  (see  III),  Salicineae,  Lacistemaceae  (see  IH), 
Empetraceae,  Ceratophylleae ;  unicellular  clothing  hairs,  but  showing  a  special  type 
of  structure  throughout  (see  p.  1 1 17  et  seq.),  are  found  also  in  the  Orders  Malpigoia- 
ceae,  Papilionaceae,  Compositae,  Sapotaceae  (excL  Delpydora)  and  Styraceae. 

III.  Ordinary  simple  nniseriate  dothinp^  hairs  or  trichomes  di&ring  but  little 
from  the  ordinary  type  (see  p.  1 1 18  under  tnchomes  with  long  terminal  odls)  have 
been  observed  in :  I^unculaceae  (see  also  II),  MagnoUaceae  (see  II),  Trochodendra- 
ceae (see  II),  Anonaceae  (see  II),  Menispermaceae  (see  II),  Berberideae  (see  II)» 
Nymphaeaceae,  Papaveraceae,  Capparideae  (see  II),  Violarieae  (see  II),  Bixineae  (see 
II),  Rttosporeae  (Fig.  22,  p.  93),  Folygaleae  (see  II),  Caryophylleae,  Elatineae  (see 


'  The  figures  cited  under  II  and  III  in  part  refer  to  special  forms  of  unioellolar  or  oniseriate 
clothing  hairs  (see  p.  1117  et  seq.). 
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II),  Hypericineae  (see  II),  Guttiferae  (Fig.  28,  p.  123,  see  II),  Temstroemiaceae  (see 
II),  Malvaceae  (see  II),  Sterculiaceae  (see  II),  Tuiaceae  (see  II),  Humiriaceae  (see  II), 
Geraniaceae  (see  II),  Rutaceae  (see  II),  Simarubaceae  (see  II),  Ochnaceae  (see  II), 
Burseraceae  (see  II),  Meliaceae  (see  II),  Olacineae  ?  (see  II),  lUcineae  (see  II),  Cela- 
strineae  (see  II),  Hippocrateaceae  (see  I),  Rhamneae  (see  II),  AmpeUdaceae  (see  II), 
Sapindaceae  (see  II),  Hippocastanaceae  (see  II),  Aceraceae  (see  ll),  Sabiaceae  (see 
II),  Anacardiaceae  (see  it),  Papilionaceae  (rare.  Fig.  59,  p.  268),  Cae»alpinieae  (rare, 
see  II),  Mimoseae  (very  rare,  see  II),  Saxifragaceae  (see  II),  Halorageae  (see  II, 
Haloragoideae,  Schindl.),  Lec3rthidaceae  (see  II),  Melastomaceae  (rare,  see  II), 
L3rtbraiieae  (see  II),  Onagrarieae  (see  II),  Samydaceae  (see  II),  Loaseae  (see  II), 
Tumeraceae  (see  II),  Pa^ifloraceae  (see  II),  Cucurbitaceae  (see  II),  Begoniaceae, 
Cacteae  (see  II),  Umbelliferae  (seQ  II),  Araliaceae,  Rubiaceae  (see  II),  Valerianeae 
(see  II),  Comp>ositae,  Goodeniaceae  (see  II),  Campanulaceae  (rare,  see  II),  Lobeliaceae 
(see  II),  Vacciniaceae  (see  II),  Ericaceae  (see  if),  Epacrideae  (see  II),  Primulaceae 


(Fig.  114,  p.  502),  Myrsineae,  St3rraceae,  Oleaceae  (see  II),  Apoc3maceae  (Fig.  121, 
p.  530,  see  II),  Asclepiadeae  (see  II),  Loganiaceae  (see  II),  Gentianeae  (see  II), 
Polemoniaceae  (see  II),  Hydrophyllaceae  (see  II),  Boragineae  (see  II),  Convolvu- 


laceae  (Fig.  129,  p.  567),  Cuscuteae  (see  II),  Nolaneae  (see  II),  Solanaceae  (see  II), 
Retzia^  Scrophulaiiiieae  (see  II),  Orobanchaceae  (see  II),  Lentibularieae,  uesnera- 
ceae  (Fi^.  140,  p.  599),  Bi^oniaceae  (see  II),  Pedalineae  (see  II),  Acanthaceae 
(see  it),  Myoporineae,  Zonibtana^  Selagineae,  Verbenaceae  (see  II),  Labiatae  (see  II), 
Flantagineae  (Fig.  153,  p.  643),  Nycteigineae,  lUecebraceae  (see  II),  Amarantaceae 
(Fig.  156,  p.  652,  see  II),  Chenopodiaceae  (Fig.  159,  p.  659,  see  II),  Polygonaceae 
(see  II),  Fh3rtolaccaceae,  Nepenthaceae  (Fig.  165,  p.  679),  Aristolochiaceae  (Fig. 
166,  p.  684),  Piperaceae,  Proteaceae  (Fig.  173,  p.  713,  see  II),  Santalaceae  (see  II), 
Euphorbiaceae  (see  II),  Buxaceae  (seell),  Ulmaceae  (rare,  see  II),  Cannabineae  (see 
II),  Moraceae  (see  II),  Leitnerieae,  Myricaceae  (see  II),  Casuarineae  (Fig.  186,  p.  788), 
Cupuliferae  (see  II),  Lacistemaceae  (see  II) ;  uniseriate  clothing  hairs,  which  are, 
however,  distinguished  by  a  special  shape  (see  p.  11 18  et  seq.),  occur  also  in  the 
Chlaenaceae,  Connaraceae,  Caesal^nnieae,  Comaceae,  M3rristicaceae  and  Loranthaceae. 

The  following  lines  in  the  first  place  contain  an  enumeration  of  the  special 
forms  of  unicellular  hairs,  which  require  mention ;  these  hairs  are  distinguished 
by  their  shape,  their  size,  the  structure  of  their  wall  or  their  contents.  Very 
small  silicified  trichomes,  which  are  inserted  in  the  outer  wall  of  the  epidermis, 
are  found  in  Petraea  (Verbenaceae,  Fig.  151,  -4,  B,  p.  632) ;  small  silicified  tri- 
chomes resembling  papillae  occur  in  certain  Moraceae ;  short  hairs,  provided 
with  a  spherical  base  showing  spiral  thickening,  in  certain  Sapindaceae,  and 
hairs  having  a  similar  structure  m  a  certain  species  of  Zizyphus  (Rhamnaceae) 
and  in  speaes  of  Artocarpus  (Moraceae) ;  short  imicellular  laticiferous  hairs, 
which  enter  into  connexion  with  the  laticiferous  system,  in  some  Cichoriaceae 
(Fig.  103,  0,  p.  458);  small  capitate  hairs  with  a  spherical  or  D3rriform 
(glajidular  ?)  head  in  Cardiopteris  and  Platea  (Olacineae,  Fig.  48,  B,  C,  p.  204) 
and  hairs  having  a  similar  structure  in  Symplocos  (Styraceae) ;  small  trichomes, 
shaped  like  a  clustered  crystal,  in  Peixoioa  (Malpighiaceae,  Fig.  36,  p.  164) ; 
longer  trichomes,  the  apex  of  which  is  bent  in  the  form  of  a  hook  (bracket- 
hairs,  climbing  hairs,  or  hooked  hairs,  see  Fig.  182,  D,  p.  773),  in  certain  Bixi- 
neae,  Burseraceae,  Caesalpinieae,  Mimoseae,  Passifloraceae,  Rubiaceae,  Boragi- 
neae, Labiatae,  Circaeaster  (only  on  the  fruit),  Hemandiaceae,  Moraceae,  and 
Urticeae,  and  short  hairs,  shaped  like  an  angler's  hook,  in  certain  Comaceae 
(Fig.  99,  G,  p.  435) ;  anchor-hairs  and  trichomes,  provided  with  spines,  which 
are  directed  either  forwards  or  backwards,  in  the  Loaseae  (Fig.  82,  p.  379). 
At  this  point  we  may  also  mention  the  following  tvpes  of  hairs  :  the  two- 
armed  hairs  (the  arms  being  of  equal  or  of  unequal  length),  found  in  certain 
Cruciferae  (Fig.  15,  C,  p.  63),  Cappandeae  (Fig.  19,  B,  p.  75),Vochysiaceae,  Tem- 
stroemiaceae (Microsemma  ?>,  Chlaenaceae,  Malpighiaceae  (of  almost  constant 
occurrence.  Fig.  36,  p.  164),  Zygophylleae,  Simarubaceae,  Burseraceae  (Fig.  43, 
£,  p.  191),  Mc^aceae,  Celastrineae,  Ampelidaceae,  Connaraceae  (Fig.  55,  A-C, 
p.  252)9  <3aesalpinieae,  Rosaceae,  Combretaceae,  Myrtaceae  sens,  str.,  L)rtbrarieae 
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{Cuphea  pro  parte !  Fi^.  8o»  C,  p.  370),  Samydaceae  {Banara,  Homalium  ?), 
Ficoideae,  Comaceae  (Fig.  99,  B,  p.  435),  Sapotaceae  (almost  constant,  in  part 
glandular),  Boragineae,  Acanthaceae,  Verbenaceae,  Mcmimiaceae,  Hemandia- 
ceae  (only  in  lUigera  oMusa),  Thymelaeaceae,  Euphorbiaceae  and  Cannabineae 
(Fig.  181,  p.  769) ;  the  one-armed  hairs  (which  sometimes  show  transitions 
to  two-anned  hiars,  while  in  other  cases  they  are  merely  provided  with  a  faint 
croplike  protrusion  on  one  side  of  the  stalk),  occurring  in  certain  Vochysiaceae, 
Malpighiaceae  (Fig.  36,  E,  p.  164),  ZygophyUeae,  Meliaceae,  C^elastrineae,  Sapin- 
daceae,  Connaraceae,  Mimoseae,  Saxifragaceae,  Combretaceae,  Myrtaceae  sens. 
str.,  Sapotaceae,  Eb^aceae,  Boragineae  (Fig.  126,  D,  p.  557),  Acanthaceae  and 
Laurineae ;  the  stellate  hairs  present  in  certain  Cruciferae  (Fig.  15,  D,  f  ,  p.  63), 
Capparideae  (Fi^.  19,  C,  p.  75),  Temstroemiaceae  (Fi^.  30,  B,  p.  133 ;  in  the 
Oder  the  stalk  is  sometimes  demarcated,  while  the  shield  is  now  and  tiien  pro- 
vided with  a  division-wall)  and  Saxif^l^pu»ae  (Fig.  68,  B,  C,  p.  316) ;  the  pdtate 
hairs,  occurring  in  certain  Cruciferae  (Fig.  15,  F,  p.  63) ;  and  the  dendroid  hairs, 
found  in  certain  Cruciferae  (Fi|[.  15,  G,  p.  63),  Papihonaceae  (DipteryXy  Fig.  59,  F, 
p.  268)  and  Boragineae  (Cardta^  Fig.  126,  C,  p.  557),  A  kind  of  doubling  of  the 
unicellular  body  of  the  hair  in  the  lon^tudinal  direction  owing  to  the  formatioD 
of  a  cap  of  cellulose  is  found  in  the  Cistineae  (Fig.  21,  A,  p.  81),  Combretaceae 
(Fig.  76,  il,  B,  p.  346),  and  Mjntaceae  sens.  str.  The  folk>wing  hairs  are  distin- 
guished by  havmg  special  contents :  the  stinging  hairs  of  the  Loaseae,  Enphor- 
biaceae  and  Urticeae  (Fig.  183,  p.  776),  these  hairs  being  occasionally  inserted  on 
a  pedestal  composed  of  a  larjge  number  of  cells  ;  the  cr]rstal«containins  hairs 
of  certain  Euphorbiaceae  (Fig.  180,  R,  S,  p.  748)  \  which  are  differentiated  as 
papillae  and  enclose  either  a  clustered  crystal  or  a  sphaerite ;  the  stinging  hairs 
of  certain  Euphorbiaceae,  which  are  occasionally  situated  on  a  pedestal  resem- 
bling a  shaggy  hair,  and  contain  an  adcular  crystal  of  oxalate  of  lime,  suspended 
in  the  cavity  of  the  cell  by  means  of  beams  of  cellulose  (Fig.  180,  P,  Qy  p.  748)  ^ ; 
and  the  crystal-hairs  (Fig.  loi.  By  C,  p.  446)  of  the  Guettardeae  (a  tribe  of 
the  Rubiaceae),  which  are  paved  with  one  or  more  rows  of  small  crystals 
of  oxalate  of  lime.  The  formation  of  more  or  less  distinct  papillae  on  the 
walls  of  the  hairs,  in  which  case  the  lumina  of  the  hairs  may  or  may  not  pene- 
trate into  the  papillae,  has  been  recorded  in  the  unicellular  trichomes  of  certain 
Cruciferae,  Bixineae,  (Jeraniaceae,  Chailletiaceae  (Fig.  46,  p.  198),  Rosaceae, 
Saxifragaceae  (Fig.  68,  -4,  p.  316)  and  Comaceae.  Regarding  calcification  of  the 
cell-wall  in  unicellular  hairs  and  regarding  cystoUth-hairs,  see  §§  27  and  28. 

The  following  noteworthy  modifications  of  unlseriate  trichomes  may  be 
mentioned.  The  uniseriate  dothing  hairs  are  sometimes  characterized  by  the 
fact  that  the  lower  or  lowest  cells  of  the  hair  are  short,  while  the  terminal  cdl 
is  long  and  forms  the  greater  part  of  the  trichome.  Such  trichomes  with 
long  terminal  cells  have  been  observed  in  the  following  Orders  :  MagnoUaceae, 
Trochodendraceae,  Anonaceae,  Menispermaceae,  Berberideae,  Nymphaeaceae, 
Pittosporeae  (Fig.  22,  By  p.  93),  Caryophylleae,  Sabiaceae,  Papihonaceae  (Fig. 
59,  i4-C,  p.  268),  Caesalpinieae  (very  rare),  UmbeUiferae,  Compositae  (Fig.  103, 
A.ByVf.  458),  Polemomaceae,  Boragineae,  Convolvulaceae  (in  all  the  memb^ 
of  the  Order !  Fig.  129,-4,  p.  567),  Solanaceae,  RetziUy  Acanthaceae,  Verbenaceae, 
Labiatae,  Plantagineae,  Amarantaceae,  Chenopodiaceae,  Aristolochiaceae,  Pro- 
teaceae  (Fig.  173,  £,  p.  713),  Casuarineae  (Fig.  186,  E,  p.  788).  Uniseriate  hairs 


'  It  may  be  pointed  out  in  passing  that  the  crystal-hairs  and  stinging  hairs  mentioned  above  as 
occurring  in  certam  Eaphorbiaceae,  although  they  appear  like  trichomes,  are  not  hairs  in  the  strict 
sense  (i.  e.  according  to  a  scientific  interpretation  of  their  morphology),  inasmnch  as  they  arise  from 
snbepidennal  and  not  from  epidermal  cells ;  only  secondarily  do  they  push  their  way  between  the 
epidermal  cells,  thus  ultinutely  extending  beyond  the  level  ol  the  epidermis.  For  details,  see  under 
Euphorbiaceae,  p.  105 1. 
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with  a  capitate  terminal  cell,  which,  however,  has  no  secretory  function,  have 
been  observed  in  many  Amarantaceae  and  Chenopodiaceae  (Fig.  150,  C,  p.  659), 
as  well  as  in  certain  Papaveraceae,  Compositae  (Fig.  103,  £,  p.  458),  Nyctagineae 
(here  glandular?  Fig.  154,  i4,  p.  646)  and  Illecebraceae.  Other  specially  note- 
worthy forms  are  constituted  by  the  urn-shaped  trichomes  and  the  paired  uni- 
seriate  hairs,  with  fused  basal  portions,  found  m  species  of  Gi/ia  (Polemoniaceae), 
and  the  uniseriate  hairs  with  a  sunken  basal  portion,  divided  by  closely  placed 
transverse  septa,  occurring  in  certain  Hippocrateaceae  and  Polemoniaceae.  The 
unicellular  bracket-hairs,  two-armed  hairs,  stellate  and  peltate  hairs  find  their 
equivalents  in  uniseriate  trichomes,  in  wUch  the  terminal  cell  shows  a  corre- 
sponding shape.  Uniseriate  trichomes  with  a  terminal  cell  bent  in  the 
form  of  a  hook  are  found  in  certain  Papilionaceae,  Gesneraceae,  Verbenaceae 
and  Aristolochiaceae  (Fig.  166,  /C,  p.  684  ;  in  the  Order  last  named  the  cdls  of 
the  stalk  occasionally  also  show  division-walls  running  parallel  to  the  length  of 
the  hair) ;  two-armed  hairs,  in  which  the  stalk  is  tmicellular  or  uniseriate, 
and  the  terminal  portion  for  the  most  part  unicellular,  occur  in  certain  Pitto- 
sporeae  (Fig.  22,  A,  p.  93),  Rhamneae,  Aceraceae,  Papilionaceae,  Caesalpinieae, 
Saxifragaceae,  Araliaceae,  Comaceae  (Fig.  59,  D,  p.  435),  Compositae  (Fig.  103, 
F,  p.  458),  Boragineae  (Fig.  126,  £,  p.  557 ;  in  Cordia  the  two  arms  are  occasion- 
ally septate),  Convolvulaceae  (Fig.  129,  S,  C,  p.  567 ;  occasionally  one-armed,  the 
long  arm  b^g  septate),  Amarantaceae  (Fig.  156,  F,  p.  652),  Chenopodiaceae 
(Fig.  159,  B,  p.  659),  Myristicaceae  and  Proteaceae  (Fig.  173,  F,  p.  713) ;  uni- 
seriate trichomes  with  a  stellate  or  peltate  terminal  cell  are  found  in  certain 
Chlaenaceae  (Fig.  33,  p.  145),  PapiUonaceae  (Fig.  5p>  ^>  P-  268),  Ficoideae 
(Fig.  94,  C,  p.  416),  Compositae  (Fig.  103,  I>,  p.  458),  Convolvulaceae  (Fig.  129, 
F,  5,  p.  567),  Amarantaceae  (in  Iresine  the  terminal  cell  shows  transitions  to  a 
two-armed  differentiation.  Fig.  156,  £,  p.  652),  Chenopodiaceae  (Fig.  159,  G,  H, 
p.  659)  and  Loranthaceae  (?).  With  the  trichomes  last  mentioned  we  may  class 
uniseriate  candelabra-hsdrs,  in  which  the  individual  tiers  are  composed  either 
of  two-armed  cells— the  arms  of  which  point  in  different  directions  (Dampiera^ 
Goodeniaceae,  Fig.  106,  p.  471)  or  he  in  the  same  vertical  plane  (Myristicaceae, 
Fig.  170,  D-F,  p.  698) — or  of  cells,  developed  after  the  manner  of  a  stellate  hair 
(Compositae,  Amarantaceae,  Fig.  156,  D,  p.  652,  Loranthaceae,  Fig.  17;^,  C-£, 
p.  728).  Uniseriate  hairs,  in  which  the  division-walls  are  oblique,  while  the 
ends  of  some  or  all  of  the  component  cells  are  dravm  out  into  lateral  jpapillae, 
or,  in  other  words,  push  their  way  laterally  along  the  basal  portion  of  the  cell 
immediately  above,  are  found  in  certain  Polemoniaceae,  Plantagineae  (Fig.  153, 
p.  643),  Nepenthaceae  (Fig.  165),  and  Loranthaceae  (Fig.  177,  S,  p.  728);  such 
hairs  constitute  transitions  to  trichomes  with  sympodial  structure  (see  below). 
Multicellular  hairs,  which  vary  in  shape  and  are  branched  in  a  dendroid 
or  dichotomous  manner,  have  been  observed  in  the  Orders  Guttiferae  (Fig. 
28,  p.  123),  Temstroemiaceae  (Fig.  30,  A, p.  133),  Olacineae  (Fig.  48,  -4,  p.  204), 
Lecythidaceae,  Melastomaceae,  Ly^arieae,  Araliaceae,  Campanulaceae,  Primu- 
laceae  (Fig.  114,  A, p.  502),  Myrsineae,  Apocynaceae  (Fig.  121,  B,  p.  530),  Logania- 
ceae,  Polemoniaceae,  Boragineae  (Fig.  126,  J&,  p.  557),  Nolaneae  (Fig.  132,  p.  574), 
Solanaceae  (Fig.  133,  p.  577),  Scrophulanneae,  Gesneraceae,  Bignoniaceae 
(Fig.  liji.  A,  p.  603),  Myoporineae,  Verbenaceae,  Labiatae  (Fig.  152,  p.  638), 
Nyctagmeae  (Fig.  154,  JB,  p.  646,  glandular  ?),  Illecebraceae,  Amarantaceae, 
Euphorbiaceae  (rare)  and  Casuarineae ;  it  is  possible  to  derive  such  hairs 
from  uniseriate  tridhomes  by  assuming  a  protrusion  of  the  component  cells 
into  branches,  demarcation  of  these  branches,  and  the  appearance  of  division- 
walls  in  them,  this  being  followed  by  the  protrusion  of  branches  of  the  second 
Order,  and  so  on.  Special  forms  of  these  trichomes  are  constituted  by  the 
peculiar  hairs  of  Jac^uinia  (Myrsineae,  Fig.  116,  C,  p.  510)  and  by  branched  or 
tufted  hairs,  which  in  t3^ical  cases  consist  of  flattened  cells,  each  of  which  is 
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protruded  to  form  a  single  branch  (i.e.  the  component  cells  are  one-armed). 
SittCe  the  axial  portion  of  such  trichomes  shows  a  sympodial  relation  to  the 
branches,  they  may  be  described  as  83rmpodially  branched  hairs ;  they  are 
more  or  less  markedly  differentiated  in  certain  Caryoj^ylleae,  Celastrineae 
(very  faintly  indicated),  Connaraceae  (Fig.  55,  Z>-F,  p.  252),  Bignoniaceae, 
Myoporineae,  Nepenthaceae  (Fig.  165,  C,  p.  679),  Ifyristicaceae  (Fig.  170, 
p.  698),  and  Casuarineae  (Fi|^.  106,  Z>,  p.  780).  A  brief  reference  may  still  be 
made  to  the  manifold  transitions  between  branched  trichomes,  derived  from 
nniseriate  hairs,  and  the  trichomes  dealt  with  in  the  following  paragraphs. 
The  wall  of  the  uniseriate  trichomes,  as  in  the  case  of  the  uniceUnlar  hairs, 
is  occasionally  (Papilionaceae, — here  the  wall  of  the  terminal  cell, — ^Polemonia- 
ceae,  Amarantaceae,  Fig.  156,  p.  652,  and  Chenopodiaceae,  Fig.  159,  p.  659) 
provided  with  small  papillose  protrusions,  while  in  certain  Compositae(Fig.  103. 
C,  p.  458),  Hantagineae  (Fig.  153,  B,  p.  643),  and  Amarantaceae  (Fig.  156. 
C,  p.  652)  the  upper  ends  of  the  cdls  composing  the  hairs  bear  papillose  processes, 
wMch  establisn  a  firm  connexion  between  the  cells.  Regardmg  caidficatioii 
of  the  walls  of  the  hairs,  see  §  27. 

{  32.  Peltate,  Stellate  and  Candelabra-Hairs.  In  this  section  our 
summary  will  be  confined  to  those  peltate,  stellate  and  candelabra-hairs,  in 
which  the  shield,  stellate  portion  and  radiating  tiers  respectively  are  composed 
of  two  or  more  cells.  Peltate  and  stellate  hairs,  which  with  or  without  the 
stalk  consist  of  a  single  cell,  and  candelabra-hairs,  the  tiers  of  which  are  com- 
posed of  single  cells  drawn  out  into  rays,  have  already  been  dealt  with  in  {  31- 

The  three  forms  of  hairs  in  question  are  very  closely  related  to  one  anotber. 
From  a  stellate  hair,  in  which  the  ray-cells  are  spread  out  horizontally,  we  can 
derive  a  peltate  hair  by  the  coalescence  of  the  ray-cells,  while  a  candelabra- 
hair  is  obtained  by  the  repeated  development  of  rav-ceUs  (and  sometimes  of 
stalk-cells  as  well)  in  the  longitudinal  direction.  We  accordingly  find  that 
stellate  and  peltate  hairs,  or  stellate  and  candelabra-hairs,  not  uncommonly 
occur  side  by  side  with  one  another  in  the  same  taxonomic  group  or  even  in 
the  same  species ;  in  such  cases  the  two  forms  of  hairs  may  show  the  same 
special  tyipe  of  structure,  while  transitional  forms  between  them  are  of  freqnent 
occurrence. 

The  peltate  hairs  ^  (the  delimitation  of  which  from  the  peltate  glands 
dealt  with  under  I  in  §  34  occasionally — ^when  an  investigation  of  living  material 
is  impossible — ^presents  some  difl&culties)  show  a  very  diverse  structure,  and 
the  differences  can  be  employed  for  systematic  purposes  in  the  same  way  as 
the  presence  or  absence  of  these  trichomes ;  the  latter  are  sometimes  (Elaeag- 
naceae)  of  constant  occurrence  throughout  an  Order,  although  generally  cod- 
fined  to  certain  species.  The  differences  in  the  structure  of  the  peltate  hairs 
are  afforded  either  by  the  shield  or  by  the  stalk.  The  former  for  the  most  part 
consists  of  a  single  layer  of  cells  and  varies  in  size.  In  tUe  ordinary  and  most 
widely  distributed  type  of  peltate  hairs  the  shield  is  composed  of  radially 
arranged  cells,  of  which  all  or  only  some  reach  the  centre  of  the  shield ;  these 
ray-cells  have  walls  of  varj^g  thickness  and  mostly  project  at  the  margin 
of  the  shield  in  the  form  of  short  rays.  In  other  cases  the  shield  has  an  entire 
margin,  the  ray-cells  being  broadened  towards  the  outside  in  the  shape  oi 
a  w^lge.  The  shield  presents  still  a  different  appesirance,  when  the  radially 
arranged  ray-cdls  undergo  tangential  divisions.  If  irregular  divisions  ftdlo* 
the  appearance  of  the  fii^t  radial  division-walls,  the  shield  seems  to  be  com- 
posed of  polygonal  cells,  when  seen  in  surface-view.  In  the  following  cases 
the  shield  shows  quite  a  special  type  of  structure.    In  certain  Buddleioideae 


'  See  O.  Badimann,  Schildhaare,  Flora,  1886. 
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(Fig.  124,  p.  542)  we  find  peltate  hairs  with  a  bicellular  shield.  In  the  species 
of  Solanum  (Fig.  133,  p.  577)  a  spherical  or  otherwise  shaped  cell  is  seated  on 
the  centre  of  the  shield  of  the  peltate  hairs,  which  in  other  respects  show  the 
ordinary  type  of  structure ;  in  certain  Capparideae  (Fig.  lo^  p.  75),  Malvaceae 
and  Sterculiaceae  there  is  a  so-called  '  upper  scale  '  in  the  form  of  a  rosette  of 
small  cells,  while  in  certain  species  of  Croton  (Fig.  180,  p.  748)  a  similar  rosette 
of  smdl  cells  is  situated  beneath  the  shield,  constituting  a  so-called  '  lower  scale/ 
the  shield  in  the  latter  case  being  provided  with  a  central  cell.  In  certain  species 
of  Miconia  (Melastomaceae)  there  is  a  small  upper  scale  composed  of  short  ray- 
ceUs,  and  in  some  cases  also  a  small  lower  scale.  A  doubling  of  the  shield  in  the 
radial  direction  is  found  in  Phebalium  (Rutaceae,  Fig.  41,  p.  177)  and  in  certain 
Bombaceae  (Malvaceae,  Fig.  34,  p.  149) ;  in  these  cases  most  of  the  cells  extending 
outwards  from  the  centre  of  the  shidd  stop  short  of  the  margin,  while  those 
forming  the  margin  do  not  reach  the  centre,  so  that  the  marginal  cells  con- 
stitute, as  it  were,  a  duplication  of  the  central  cells,  which  in  themselves  are 
already  united  to  form  a  scale.  It  remains  to  mention  the  peltate  hairs  of 
Clerodiendron  (Verbenaceae,  Fig.  151,  p.  632),  in  which  the  shield  is  composed  of 
several  layers  of  cells  showing  a  polygonal  outline,  when  seen  from  the  surface. 
The  stalk  of  the  peltate  hairs  is  formed  either  by  a  single  cell  or  by  a  row  of  cells, 
or  by  a  multisenate  complex  of  cells,  its  length  often  varying  very  considerably 
on  the  surface  of  one  and  the  same  organ  ;  in  some  cases  (Dilleniaceae,  Logania- 
ceae,  Euphorbiaceae  pro  parte)  the  cells  of  the  shield  are  themselves  either 
exclusivdy  or  partially  concerned  in  the  formation  of  the  stalk. 

Peltate  hairs  with  a  shield,  composed  of  two  or  more  cells,  have  been  observed 
in  the  following  Orders  and  genera  respectively  :  Dilleniaceae  (Fig.  2,  p.  22),  Ano- 
naceae  (Fig.  6,  p.  36),  Cappandeae  (Fi^,  I9>  p*  7$)»  Cistineae  (Fig.  21,  p.  81),  Bixineae, 
Malvaceae  (Fig.  34,  p.  149),  Sterculiaceae  (Fic^.  35,  p.  1^4),  Tiliaceae,  Rutaceae 
(Fig.  41,  p.  177),  ISurseraceae  {Zanhaf  Hiem),  Meliaceae  (Fig.  45,  p.  197),  Olacineae 
(Fiff.  48,  p.  204),  Rosaceae,  Halorageae  (Fij.  72,  p.  337,  Callitriche,  Hippuris)^ 
Melastomaceae,  Begoniaceae,  Datisceae,  Arahaceae  (Fig.  p8,  p.  429),  Caprifoliaceae 
(Fig.  100,  p.  441),  Ericaceae  (Fig.  1 10,  p.  485),  Myrsineae  (Fig.  1 16,  p.  5 10),  Styraceae, 


Oleaceae  (Fig.  1 19»  P*  523),  Salvadoraceae  (in  this  Order  there  is  only  a  tendency  to 
.  scales.  Fig.  120,  p.  527),  Loganiaceae  (Buddleioideae,  Fig.  124,  p.  542), 
Solanaceae  (Fig.  133,  P.J77),  Verbenaceae JFi^.  151,  p.  632),  Monimiaceae  (l 
p.  701 
ferae i 


form  small  scales,  fig.  120,  p.  527),  ix>gamaceae  (Buddleioicleae,  Fig.  124,  p.  542), 

,_„  _^^,  ^►.577),  Verbenaceae  (Fie.  iji,  p.  632),  Monimiaceae  (log.  171, 

p.  701),  Elaeagnaceae  (Fig.  176,  p.  725),  Euphorbiaceae  (Fig.  180,  p.  748),  Cupuli- 
Terae  (Fig.  187,  p.  793).    For  glandular  peltate  hairs,  see  under  lb  m  §  34,  p.  1 128. 


The  stellate  hairs,^  according  to  the  direction  of  their  rays,  which  generally 
consist  of  single  cells,  are  either  stellate  hairs  in  the  narrow  sense  or  tufted 
hairs  ;  in  the  former  case  the  rays  are  spread  out  in  a  plane,  which  is  roughly 
parallel  to  the  surface  of  the  organ,  while  in  the  case  of  the  tufted  hairs  the 
rays  diverge  in  various  directions  or  are  all  placed  approximately  at  right 
angles  to  the  surface.  In  the  simplest  case,  the  ray-pK)rtion,  consisting  of 
umcellular  rays,  is  sunk  directly  in  the  epidermis,  so  that  the  trichome  is  formed 
merdy  by  a  group  of  epidermal  cells,  developed  as  hairs ;  the  neighbouring 
epidermal  cells  are  frequently  prolonged  onto  the  body  of  the  hair,  thus  forming 
a  pedestal  of  varying  height.  In  other  cases  the  rays  are  borne  on  a  stalk, 
which  varies  in  length,  and  is  composed  of  one  or  more  rows  of  cells; 
it  occasionally  resembles  a.  shaggy  hair.  The  rays  are  rarely  uniseriate. 
Other  differences  in  the  structure  of  the  stellate  hairs,  which  can  be  employed 
for  systematic  purposes,  are  found  in  the  length  and  number  of  the  rays,  and 
in.  the  nature  of  their  walls  and  lumina.  A  considerable  number  of  transitions 
have  been  observed  between  the. branched  multicellular  hairs,  dealt  with  in 
§  31  (p.  1119)  and  the  hairs  under  di3cussion. 

Stellate  hairs  have  been  met  with  in  the  following  Orders  and  genera  respec- 
tively:  Dilleniaceae  (Fig.  2,  p.  22),  Bfagnoliaceae  ?,  Anonaceae,  Cappandeae  (Fig.  19, 
p.  75),  Cistineae  (Fig.  21,  p.  81),  Bixineae,  Tremandreae,  Vochysiaceae,  Frankenia- 
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ceae,  Hypericineae,  Temstroemiaceae  (Fig.  30,  p.  133),  Dipterocarpeae,  Mcnet^^ 
Malvaceae  (Fig.  34,  p.  149),  Sterculiaceae,  Tiliaceae,  Rutac^ae,  Ochnaceae,  Buraera* 
ceae,  Meliaceae,  Oladneae,  Octocnemaceae,  Hippocrateaoeae,  Rhamneae,  Sapin- 
daceae,  Melianthaceae,  Coimaraceae,  Caesalpinieae,  Biimoseae,  Rosaceae,  Saxifraga- 
ceae,  Dioseraceae  (special  forms  of  stellate  hairs,  see  Fig.  71,  p.  325),  Hamamelidcae, 
Rhixophoraceae,  Myrtaoeae,  Melastomaceae  (Fig.  79,  p.  362),  Lythrarieae,  Samy- 
daceae,  Tumeraceae,  Begoniaceae,  Umbellilerae,  AraKaceae  (Fig.  98,  p.  429), 
Comaceaey  CaprifoHaceae,  Rubiaceae,  Lobeliaoeae,  Ericaceae  (Fig.  no,  p.  485 )» 
Ebenaceae,  Stjrraceae,  Loganiaceae  (Fig.  124,  p.  542),  Hydrophyllaceae,  BaraAneae, 
Convolvulaceae  (Fig.  129,  p.  ^67),  Solanaceae,  sdrophularineae,  Verbenaceae,  Labia- 
tae  (Fi|;.  152,  p.  638),  Nyctagineae,  Chenopodiaceae  (Fig.  159,  p. ^59),  Nepenthaceae, 
Monimiaceae,  £laeagnaceae,  Santalaceae»  Euphorbiaceae  (Fig.  180,  p.  748),  Jnglan- 
deae,  Cupuliferae. 

The  following  tsrpes  of  stellate  and  tufted  hairs  desarve  special  notice. 

The  ^iny  hairs  (Fig.  2,  B,  C,  p.  22)  of  the  Dilkniaceae  are  reduced  tufted 
hairsy  consisting  of  a  group  of  strongly  silicified  epidermal  cells,  which  are 
developed  as  short  hairs ;  if  we  imagine  the  marginal  cells  of  the  group  to  be 
differentiated  as  rays,  we  obtain  the  stellate  trichomes  of  the  Dilleniaceae. 
Cushion-shaped  structures,  which  are  similar  to  the  spiny  hairs  of  theDiUenia- 
ceae,  although  they  are  not  siUcified,  occur  also  in  the  Cistineae  (Fig.  21,  p.  81) 
and  Melastomaceae.  The  stellate  hairs  of  the  genus  Stmphoma  (Capparideae, 
Fig.  19,  p.  75)  resemble  the  peltate  hairs  of  the  (^appsuideae  in  being  provided 
with  a  small  upper  scale,  while  some  of  the  stellate  hairs  found  in  the  Cistineae 
show  the  same  apparent  doubling  of  the  ray-cells  in  the  lon|[itudinal  direction 
(Fig.  21,  p.  81),  as  is  seen  in  the  simple  trichomes  occumng  in  this  Order. 
Stcmte  or  tufted  hairs  with  uniseriate  rays  have  been  obs^ed  in  certain 
Magnoliaceae?,  Anonaceae,  Malvaceae  (Fig.  34,  p.  14^),  Sterculiaceae,  Tiliaceae, 
Hippocrateaceae,  Rhamneae,  Lecythidaceae  and  Ericaceae  (Fig.  iio^  p.  4^), 
while  in  the  stellate  hairs  of  Axyris  (Chenopodiaceae,  Fig.  159,  p.  659)  the 
principal  ray  alone  is  uniseriate.  The  two-armed  hairs  of  Aldrovanda  (Fig. 
71,  p.  325),  which  show  transverse  division  into  two  cells,  may  be  regarded 
as  a  reduced  form  of  the  stellate  hairs  of  certain  of  the  Droseraceae,  in  which 
the  ray-portion  is  composed  of  four  or  more  thin-walled  rays,  ejq>anded  in 
one  plane.  The  stellate  hairs  of  the  Loganiaceae-Buddleioioeae  are  likewise 
specially  characteristic,  since  the  ray-portion  consists  of  two  (mostly  two-ray^) 
cells,  which  also  contribute  to  the  formation  of  the  stalk  (Fig.  124,  p.  542). 
Mention  may  lastly  be  made  of:  (a)  the  tufted  hairs  of  Saurauja  (Temstroemia- 
ceae.  Fig.  30,  p.  133)  and  certain  Melastomaceae,  which  resemble  small  scales ; 
(b)  the  tufted  hairs  of  SanHria  (Burseraceae,  Fig.  43,  p.  191)  and  Rhus  (Ana- 
cardiaceae),  which  may  possibly  have  a  glandular  function ;  and  (c)  the  peculiar 
stellate  hairs  of  some  AraUaceae  (Fig.  98,  p.  429),  which  are  {Hrovided  with 
uniseriate  rays  having  thin  walls. 

The  simplest  kmds  of  candelabra-  or  abietifonn  hairs  are  those  which 
have  a  uniseriate  main  axis,  interrupted  at  intervals  hy  whorls  of  ray-cells. 
Sqch  hairs  are  occasionally  connected  by  means  of  transitional  forms  with  the 
stellate  and  tufted  hairs  just  discussed,  hairs  of  the  latter  type  not  uncommonly 
appearing  as  reduced  forms  of  the  candelabra-hairs  and  then  often  occurring 
side  by  side  with  them  in  the  same  species.  The  candelabra-hairs  of  the 
second  type  present  a  different  appearance,  owing  to  the  fact  that  the  ray-cdls 
follow  upon  one  another  in  the  longitudinal  direction  without  interruption, 
there  b^ng  no  special  cells  of  the  main  axis  separating  the  rays  from  one 
another.  These  candelabra-hairs  are  often  difficult  to  distinguish  from  the 
branched  sympodial  hairs  discussed  in  §31,  p.  1120;  and  similarljr,  if  the  stalks 
of  such  canddabra-hairs  are  multiseriate,  it  is  not  easy  to  distinguish  tl^m 
from  candelabra-hairs  of  the  shaggy  type,  so  that  the  latter  may  be  consido:^ 
together  with  the  ordinary  candd^bra-hairs.  Candelabra-hairs  of  the  shaggy 
type  may  be  derived  from  ordinary  shaggy  hairs  ({  33)  by  the  develc^ment  of 
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sapeSrfidal  cells  of  the  latter  in  the  form  of  hairs  (this  process  occasionally 
taking  place  in  tiers). 

Candelabra-hairs  of  the  first  lype  have  been  observed  in  certain  Lythrarieae, 
Ericaceae  (Fi^.  iio»  p.  485),  Buddieioideae  (Loganiaceae,  Fig.  124,  p.  542,  the 
tiers  here  consisting  of  two  (mostly  two-rayed)  cells,  as  in  the  case  of  the  analogous 
peltate  and  stellate  hairs»  see  above),  Scrophularineae  rPig.  135,  p.  586),Verbenaceae, 
Chenopodiaceae  (Fig.  159,  p.  659),  and  Platanaceae  (Fie.  184,  p.  780) ;  candelabra- 
hairs  of  the  second  type  occur  in  certain  Capparideae  (Fig.  19,  p.  75 ),  Melastomaceae 
<Fig.  79,  p.  362),  Umbelliferae  (Fig.  95,  p.  421),  Solanaceae  (Fig.  133,  p.  577),  and 
Acanthaceae ;  candelabra-hairs  (^  tiie  shargy  type,  lastly,  are  found  in  certain 
Caesalpinieae,  Mimoseae  (Fig.  65,  p.  295),  Melastomaceae  (Fig.  79,  p.  362),  Samy- 
daceae,  Labiatae  (Fig.  152,  p.  638),  and  Euphorbiaceae  (Fig.  180,  p.  748). 

§  33.  Shaggy  Hairs  (i.e.  clothing  hairs  of  the  shag^  type,  villi).  Simple 
<i.e.  unbranched)  shaggy  hairs  are  widely  distributed  in  many  Orders.  They 
vary  in  length  and  thickness,  and  consist  of  parenchymatous  or  prosenchyma- 
tous  cells  with  thin  or  thick  (sclerenchymatous)  walls.  The  fimorm  shaggy 
hairs  are  frequently  distinguished  by  the  fact  that  the  apices  of  the  superficial 
cells  are  drawn  out  into  papillae,  which  point  towards  the  end  of  the  shaggy 
hair ;  a  mcH-e  extensive  development  of  the  apices  of  the  cells  results  in  the 
production  of  trichomes,  which  are  transitional  to  the  canddabra-hairs  of  the 
shaggy  type,  already  discussed  at  the  end  of  §  32. 

Sim^e  shaggy  hairs,  which  otherwise  vary  in  shape,  are  found  in  the  following 
Orders:  Tapaveraceae,  Capparideae  (Fi^.  19,  p.  75),  Portulaceae  (Fig.  26,  p.  112^ 
Temstroemiaceae  (Fig.  30,  p.  133),  PapiUonaceae  (Fig.  59,  p.  268),  Caesalpinieae, 
Mimoseae  (Fig.  65,  p.  295),  Saxifragaceae,  Crassulaceae,  Droseraceae,  Halorageae, 
Myrtaceae  sens,  str.,  Melastomaceae  (Fig.  79,  p.  362),  L3rthrarieae,  Begomaceae 
(Fig.  88,  p.  401),  Cacteae,  Umbelliferae,  Araliaceae  (Fig.  98,  p.  429),  Compo^tae 
<Fig.  103,  p.  458),  Ericaceae  (Fig.  no,  p.  485),  Convolvulaceae,  Gesneraceae, 
Polygonaceae  and  Euphorbiaceae. 

In  the  following  cases  the  shaggy  hairs  are  specially  differentiated. 
SiUcified  wart-shaped  shaggy  hairs  are  found  in  Gunnera ;  in  Cranocarpus 
(PapiUonaceae)  the  tip  of  the  shaggy  hair  has  the  form  of  an  anchor,  the  flukes 
of  the  anchor  being  formed  by  pointed  cells,  each  of  which  includes  a  crystal 
of  oxalate  of  lime  (Fig.  59,  G,  p.  268),  which  is  pointed  like  the  cell  containing  it ; 
in  certain  Melastomaceae,  which  exhibit  a  great  degree  of  diversity  in  the 
forms  of  the  shaggy  hairs,  the  latter  occasionally  show  surface-devdopment, 
so  that  they  come  to  resemble  the  leaf  of  a  Moss  (Fig.  70,  p.  362),  while  in 
certain  Begonias  they  are  two-armed  or  star-like  (Fig.  88,  p.  401) ;  in  the 
genus  Picris  (Compositae,  Fig.  103,  p.  458)  the  shaggy  hair  is  crowned  by 
a  two-armed  cell,  while  the  forked  shaggy  hairs  of  Leontodan,  which  are  weft 
known  to  S3^tematists,  are  produced  by  two  or  more  of  the  terminal  cells  of 
the  trichome  being  differentiated  as  hairs.  The  shaggy  hairs  of  Picris  are 
closely  related  to  the  emergences  of  Humtdus,  each  of  which  bears  a  two- 
armed  trichome.  Reduced  forms  of  shaggy  hairs  are  found  on  the  floral 
organs  of  the  Compositae  (Fig.  103,  p.  458) ;  they  consist  either  of  two  basal 
cdls  and  two  longer  ceUs,  the  latter  lying  parallel  to  one  another  and  (in  Sfhae- 
ranihus)  embracing  one  another  spirally,  or  merely  of  two  cells,  whidi  are  placed 
parallel  to  one  another  (as  in  the  sensitive  hairs  of  the  Cynareae).  The  peculiar 
hollow  structures,  found  in  Heteroirichum  (Melastomaceae),  must  also  be  in- 
cluded among  the  shaggy  hairs ;  their  wall  is  formed  by  a  prosench)m[iatous 
epidermis  and  a  layer  of  reduced  palisade-cells.  With  the  sha^;y  hairs  of 
Picris  and  Humulus  we  may  associate  trichomes  having  a  stalk  of  var3ing 
length  and  a  stellate  or  tufted  terminal  portion  ;  these  structures  have  already 
been  dealt  with  under  stellate  and  tufted  hairs  in  {  32.  The  '  candelabra- 
hairs  of  the  sha|^  type '  have  likewise  been  considered  in  the  same  section. 
Shaggy  hairs,  which  are  provided  with  glandular  heads,  will  be  discussed  under 
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the  heading  of  glandular  shaggy  hairs  in  the  section  dealing  with  the  eirttfiial 
glands  (see  {  34  under  II,  p.  1129). 

Branched  shaggy  hairs  have  been  observed  in  Calandrinia  (Portulaceae ; 
these  are  the  '  pill  plumosi/  mentioned  by  different  authors)  and  in  certain 
Melastomaceae  (the  hairs  here  being  pemcillate  or  branched  in  a  dendroid 
manner  and  at  the  same  time  parenchymatous). 

The  shaggy  hairs,  as  alreaay  stated  in  §  30,  are  partly  epidermal  structures 
and  partly  of  the  nature  of  emergences.  To  the  latter  category  there  belong, 
among  other  tjrpes  of  trichomes,  the  shaggy  hairs  of  certain  Begonias  and 
Melastomaceae,  which  are  stiffened  by  means  of  isolated  sclerenchymatoos 
fibres  or  bv  whole  bundles  of  such  fibres  and  (in  the  Melastomaceae)  occasion- 
ally incluae  a  vascular  bundle  in  their  basal  portion.  In  the  Melastomaceae 
the  bundle  of  sderenchyma  in  these  shaggy  hairs  is  frequently  connected 
with  cells  of  the  mesophyll,  which  are  difierentiated  like  fibres ;  in  those 
shaggy  hairs,  which  are  placed  obUquely  to  the  surface  of  the  oigan,  these 
fibres  form  an  anchoring  foot,  consisting  of  a  bundle  of  sclerendijrmatous 
fibres,  which  spread  out  for  some  distance  beneath  the  epidermis ;  on  the 
other  hand,  when  the  shaggy  hair  is  placed  at  right  angles  to  the  surface,  the 
fibrous  foot  is  branched  after  the  manner  of  a  root  (Fig.  79,  p.  362) ;  the  shaggy 
hairs  of  Cirsium  (Compositae)  show  similar  features.  We  may  add  that 
a  similar  sclerenchymatous  foot  has  been  observed  also  in  the  Mimoseae  (Fig.  65, 
p,  295)  and  Euphorbiaceae  (Fig.  180,  p.  748)  in  connexion  with  trichomes  of 
a  more  compUcated  type,  such  as  candelabra-,  peltate  and  stellate  hairs. 
Certain  species  of  Craton  are  quite  particularly  noteworthy  in  this  respect ;  in 
these  species  the  bases  of  the  hairs  are  formed  by  a  bundle  of  sclerenchymatous 
cells,  which  traverse  the  leaf  in  the  vertical  direction,  while  the  bases  of  two 
trichomes,  situated  opposite  one  another  on  the  upper  and  lower  surface  of 
the  Jeaf,  are  fused  to  form  a  sclerenchymatous  coliunn,  traversing  the  entire 
thickness  of  the  leaf  (Fig.  180,  p.  748). 

At  this  point  we  mBy  also  refer  to  the  branched  or  unbranched  stnictiires  rescm- 
bling  shaggy  hairs  found  in  the  intercellular  spaces  of  Nelumbium  (N3anphaeaceae). 

§  34.  Hair-like  External  Glands  K  The  demonstration  of  external 
glands  and  the  investigation  of  their  structure  in  herbarium-material  often  pre- 
sents great  difficulties.  It  is  a  familiar  fact  that  glandular  hairs  are  often 
functional  only  on  the  young  organs  of  a  plant,  and  in  this  case  fall  off  in  later 
stages  or  shrivel  up,  so  that  their  structure  becomes  unrecognizable.  As  a 
consequence  external  glands  are  best  sought  after  and  examined  on  the  young 
leaves,  found  on  the  branches  of  herbanum-material,  or  even  on  tiie  young 
branches  themselves  (especially  those  of  the  floral  region) ;  but,  whenever  it  is 
at  all  possible,  living  material  should  also  be  employed  in  determining  the  pre- 
sence of  external  glands  and  in  the  elucidation  of  their  structure  and  fanctioQ. 

In  certain  Coders  (e.g.  Sapindaceae,  Oleaceae,  &c.)  hair-like  external 
glands  are  of  general  or  almost  general  distribution  ;  in  other  Orders  they  are 
restricted  to  certain  genera,  while  in  others  again  glandular  hairs  are  completdy 
absent.  It  is  worthy  of  note  that  the  subsequent  enumeration  of  Orders,  in 
which  external  glands  have  not  been  observed,  includes  whole  series  of  closely 
allied  Orders,  as  well  as  many  Orders,  in  which  the  secretory  requirements  of 
the  plant  are  apparently  sufficiently  satisfied  by  internal  secretory  organs. 

As  a  rule  the  hair-hke  external  glands  occur  on  all  the  organs  of  the  plant, 
although  in  varying  abundance ;  in  other  cases — and  this  holds  good  for 
species,  as  well  as  for  genera  and  Orders — ^they  are  found  only  on  certain  parts 
of  the  plant.  Thus  in  the  Rubiaceae,  for  instance,  glandular  hairs  are  almost 
completely  wanting  on  the  surfaces  of  the  leaves  and  on  the  branches,  Pilule 

'  For  the  hair-like  internal  glands  (internal  glandular  hairs)  found  in  P^g^gm^n  (Labiatae> 
see  under  secretory  cells  in  §  14  (p.  1096). 
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external  glands,  having  a  complicated  structure  and  serving  for  the  protection 
of  the  buds,  occur  on  the  stipules,  and  glands,  excreting  nectar  and  showing 
the  same  t)^  of  structure,  are  found  in  the  flowers.  It  is  necessary  to  take 
such  features  into  account  in  an  investigation  of  the  hairy  covering. 

Another  diflSculty,  with  which  one  is  confronted  in  employing  the  occurrence 
of  external  glands  for  systematic  purposes,  was  already  bnefly  referred  to  in 
§  29,  and  lies  in  the  fact  that  the  glandular  hairs  are  not  in  all  cases  distinguished 
morphologically,  and  that  the  presence  of  secretion  cannot  always  be  deter- 
mined in  herbarium-material  with  as  much  certainty  as  is  desirable.  In 
addition  to  that  the  ordinary  clothing  hairs  may  exceptionally  take  on  a  secre- 
tory fimction  in  certain  Orders  (e.g.  the  unisenate  hairs  of  the  Nymphaeaceae 
and  Gentianeae,  and  the  two-armed  trichomes  of  the  Sapotaceae  ^). 

Hair*like  external  glands  have  not  been  observed  in  any  form  in  the  follow- 
ing Orders  and  genera  respectively:  Dilleniaceae,  Calycanthaceae,  Magnoliaceae, 
Trochodendraceae,  Lactoridaceae,  Anonaceae,  Sarraceniaceae  (with  external  glands, 
which  are  not  of  the  nature  of  hairs,  see  §  38),  Papaveraceae,  Fimiariaceae,  Reseda- 
ceae,  Violarieae  (apart  from  glandular  shaggy  hairs  on  the  margin  of  the  leaf), 
Canellaceae,  Polygaleae,  Vochysiaceae  (apart  £rom  nectaries,  see  §  ^o),  Frankeniaceae 
(apart  from  chalk-glands,  see  §  37),  Tamarisdneae  (apart  from  chalk-glands,  see  §  37), 
Hypericineae,  Guttiferae,  Temstroemiaceae  ?  (apart  from  nectaries,  see  §  36), 
Humiriaceae  (with  the  exception  of  glandular  shaggy  hairs  on  the  margin  of  the  leaf), 
Malpighiaceae  (apart  from  nectaries,  see  §  36),  Koeberlinia,  Ochnaceae,  jLuxemburgia- 
ceae  (excepting  glandular  shaggy  hairs  found  on  the  stipules  and  sepals  of  the 
Godoyeae),  Wallacea^  Chailletiaceae,  Olacineae  ?  (see  p.  11 17),  Octocnemaceae, 
Uidneae,  Cyrilleae,  Celastrineae,  Hippocrateaceae,  Pentaphylacaceae,  Corynocarpa- 
ceae,  Stackhousieae,  Rhamneae  (apart  from  glandular  shaggy  hairs  situated  on  or 
near  the  margin  of  the  leaf  and  (see  §  36)  the  nectaries),  Dimereae,  Mdiantbaceae, 
Staphyleaceae  (apart  from  nectaries,  see  §  36),  Coriarieae,  Moringeae  (apart  from 
nectaries,  see  §  36),  Crossosomataceae,  Hamamelideae,  Ostrearia,  Myrothamnus^ 
Bruniaceae,  Rluzophoraceae  (apart  from  glandular  shaggy  hairs  on  the  stipules), 
Myrtaceae  sens,  str.,  Samydaceae  (apart  from  nectaries,  see  §  36),  Papayaceae,  Cacteae 
(see  §  36),  Ficoideae,  Umbelliferae  ?,  Araliaceae  (almost  always),  Kubiaceae  (apart 
from  ^andular  shag^  hairs  on  the  stipules,  &c. ),  Calycereae,  Csmipanulaceae,  Lobelia- 
ceae,  £pacrideae,  Diapensiaceae,  Sapotaceae  (two-armed  dothing  hairs  occasionally 
glandular),  Brachynema^  Styraceae  ?  (see  p.  1 1 17),  Salvadoraceae,  Apocynaceae  and 
Asclepiadeae  (apart  from  glandular  shaggy  hairs  at  the  base  of  the  petiole  and  the 
glandular  hairs  of  Dischidia),  Loganioideae  (Loganiaceae,  apart  from  glandular  shaggy 
hairs  at  the  base  of  the  petiole),  Desfontainea,  Gentianeae  (apart  from  uniseriate 
glandular  trichomes  in  the  aquatic  forms  and  glandular  bodies,  composed  of  nume- 
rous cells,  in  saprophytes),  Cuscuteae  (apart  from  glandular  shaggy  hairs  on  the 
flower),:  Columelliaceae,  Nyctagineae  ?,  Amarantaceae  ?,  Phytolaccaceae,  Bati- 
deae,  Aristolochiaceae,  Chloranthaceae,  M3nisticaceae  ?,  Monimiaceae,  Lamineae, 
Gomortegaceae,  Proteaceae  ?,  Thymelaeaceae,  Octolepts^  Gonystylus,  Penaeaceae, 
Geissdoma^  Elaeagnaceae,  Loranthaceae,  Santalaceae,  MyzoJUndron^  Champereia^ 
Grubbta,  Balanc^horeae,  Daphniphyllaceae,  Buxaceae  ?,  Balanopseae,  Thelygoneae, 
Casuarineae,  Saucineae  (apart  from  nectaries,  see  §  36),  Lacistemaceae ;  but  also  in 
certain  genera  of  numerous  other  Orders. 

The  hair-like  external  glands  show  numerous  points  of  difference  as  regards 
their  size,  shape,  and  structure  (number,  arrangement,  and  structure  of  the 
cells,  and  localization  of  the  secretion),  and  it  is  almost  impossible  to  comprise 
these  in  a  single  system,  applicable  to  all  the  various  Orders.  For,  one  and  the 
same  form  of  trichome  occurring  in  two  different  Orders  may  be  of  different 

'  A  combination  of  the  glandolar  and  clothing  functions  in  simple  hairs,  as  well  as  in  trichomes 
of  more  complicated  stmctnre,  has  been  observed  in  the  Orders  Portnlaceae,  Caesalpinieae^  Melasto- 
maoeae  (particularly  freqnent  in  the  tribe  Miconieae,  in  which  combinations  of  glandular  hairs  with 
stellate,  tufted,  candelabra-  or  peltate  hairs  occur  in  almost  all  the  genera),  Losaniaoeae,  Solanaceae, 
Myoporineae,  Nyctagineae  (see  Fig.  154,  p.  646)  and  Platanaceae;  m  hairs  of  mis  type  the  glandular 
portion  may  be  restricted  to  a  single  cell  or  may  be  differentiated  as  a  multicellular  glandiHar  body, 
which,  as  it  were,  is  independent  of  the  rest  of  the  hair.  For  details,  see  the  anatomical  descriptions  of 
the  Orders  named. 
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ph^ogenetic  importance  in  the  two  cases  ;  thus  the  uniseriate  dandnlar  hairs 
of  the  Sdanaceae,  in  which  the  head  is  unicellular  or  divideof  by  a  vertical 
^^Bdl,  iorm  the  starting -point  for  external  glands  with  a  uniseriate  stalk  and 
a  variously  shiq^ed  head,  divided  by  horizontal  or  both  by  horisontal  and  vertical 
walls,  while  the  glandular  hairs  of  a  similar  structure,  found  in  the  Scn^hnla- 
rineae,  constitute  a  starting-point  Ux  external  glands,  the  head  of  wfaidi  is 
divided  by  vertical  walls  omy,  that  is  to  sa.y  Ux  quite  another  type  of  hair. 

For  the  purpose  of  the  practical  determination  of  a  plant,  we  may  in  the 
following  paragrapl^  first  (under  I)  sununarize  especially  the  small  forms  of 
glandular  hairs,  which  have  a  simpte  structure,  in  contrast  to  other  types  of 
glandular  hairs,  which  are  mostly  of  large  size  and  generally  have  a  com- 
plicated structure  (see  under  II) ;  it  mus^  however,  be  pointed  out  that  the 
Doundary-line  between  the  two  kinds  of  hairs  is  artificial  and  therefore  not 
sharply  marked.  The  small  glandular  hairs  may  then  in  the  first  {dace  be 
classified  in  two  further  groups  in  accordance  with  the  remarks  made  in  §  29 ; 
the  second  of  these  groups  (I  b)  includes  those  fcMins  of  glandular  hairs,  in 
irtiich  the  head  is  divided  solely  by  vertical  walls,  while  the  other  (I  a)  com- 
prises all  the  remaining  forms. 

I  a.  Unicellular  giandiilar  hairs,  which  for  the  most  part  have  a  tubular 
shape,  have  been  observed  in  the  following  Orders :  Ranunculaceae  (Fig.  i, 
p.  16),  Menispermaceae,  Malvaceae,  Tiliaceae,  Zygophylleae  (Fig.  38,  p.  168), 
Geraniaceae,  Kutaceae,  Olacineae  ?  (Fig.  48,  p.  204),  Ampelidaceae,  Anacardia- 
ceae,  Papilionaceae,  Onagrarieae,  Comaceae  (Fig.  09,  p.  435),  Compositae  (latid- 
ferous  hairs,  which  stand  in  connexion  with  the  laticiferous  vessels),  Dischidia 
(Asclepiadeae)^  Mmotropeae,  Symplocos  ?  (Styraceae),  Podostemaceae,  Pipera- 
ceae  (in  the  form  of  laige  pearl-glands.  Fig.  168,  p.  689),  Euphorbiaceae  (secre- 
tory cells  of  Craton^  which  are  differentiated  li^  papillae,  see  {  14  and  Fig. 
180,  p.  748). 

The  multicellQlar  glandular  hairs,  to  be  discussed  here,  are  very  diverse. 
In  the  simplest  case  they  OMisist  merely  of  a  row  of  cells,  which  is  either  filifomi 
or  broadened  towards  the  upper  end  in  a  davate  manner.  The  aiq)earance 
of  longitudinal  division-walls  in  most  of  the  cells,  or  only  in  the  terminal  portioD 
of  the  hair,  results  in  the  formation  of  complicated,  filiform  or  club-shaped  glan- 
dular hairs,  which  are  occasionally  curved  or  involuted  in  a  peculiar  rnann^ . 
Other  types  of  glandular  hairs  are  differentiated  into  a  stalk  and  a  fa^ad. 
The  stalk  varies  in  length,  and  is  unicellular,  uniseriate  or  composed  of  a  few 
rows  of  cells,  while  the  head,  which  varies  in  size,  is  spherical  or  ellipsoidal,  or 
otherwise  shaped,  and  consists  of  one  or  many  ceUs;  in  those  cases,  in  which  the 
head  is  multicellular,  it  may  be  divided  by  horizontal  walls  only,  or  both  hj 
horizontal  and  vertical  walls  or  quite  irregularly. 

The  multicellular  glandular  hairs  in  (question  have  been  observed  in  the  foUowing 
Orders  and  g[enera :  Menispermaceae  (uniseriate),  Berberideae  (rare),  Nymphaeaoeae 
(uniseriate,  m  part  very  short,  Fi^.  12,  p.  49),  Crudferae  (uniseriate,  head  uni-  or 
bicellular.  Fig.  15,  p.  03),  Cappandeae  (diverse  types,  head  in  part  unicdlular), 
Cistineae  (uniseriate,  glandular  nairs  in  part  very  long  and  filiform.  Fig.  21,  p.  81), 
Birineae  (various  typ^),  Pittosporeae  (uniseriate),  CaryophyUeae  (uniseriate,  head 
unicellular.  Fig.  25,  p.  108),  Portulaceae  (uniseriate.  Fig.  26,  p.  112),  Temstroemia- 
ceae  ?,  Dipterocarpeae  (unicellular  peltate  head.  Fig.  31,  p.  137;  see  I  b),  MonoUs 
(uniseriate),  Chlaenaceae  (various  types),  Malvaceae  (various  types,  incL  uniseriate 
glands  with  a  unicellular  head ;  see  lb),  Sterculiaceae  (various  types),  Tiliaoeae  (as 
m  the  Sterculiaceae),  Geraniaceae  (uniseriate  with  a  unicellular,  rarely  multicdaolar 
head.  Fig.  39»  P.  170),  Rutaceae  (various  types,  Fig.  41,  p.  177),  Simarubaceae 
(diverse  types.  Fig.  42,  p.  183),  Burseraceae  (various  type^  Fig.  43,  p.  loi),  Meba- 
ceae  (various  types.  Fig.  45,  p.  197),  Sapindaceae  (various  types  ;  see  lb),  Hippo- 
castanaceae  (as  m  the  Sapindaceae),  Aceraceae  (various  types),  Sabiaoeae  (b^ 
unicellular ;  see  I  b),  Anacardiaceae  (various  types ;  see  I  b),  juliania  ^  (head  miilti- 

*  According  to  F.  E.  Fritsch,  Trans.  Linn.  Soc.  London,  vii,  1908. 
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cellular),  Connaraceae  (only  on  the  floral  organs),  Papilionaceae  (various  types,  heads 
in  part  unicellular.  Ftp;.  59,  p.  26S;  see  lb),  Caesal^nnieae  (diverse  ty]^.  Fig.  63, 
p.  287),  Mimoseae  (various  types,  Fig.  65,  p.  295 ;  see  I  b),  Rosaceae  (various  types), 
Saxifragaceae  (various  t3rpes,  heads  in  paxt  uniodlular ;  see  I  b),  Crassulaceae  (diverse 
types),  Combretaceae  (various  types  ;  see  I  b),  Lecythidaceae  (groups  of  uniseriate 
glands  ?),  Melastomaceae  (various  types;  see  lb),  lloaseae  (uniseriate),  Tumeraceae 
(various  types ;  see  I  b),  Cucurbitaceae  (head  uni-  or  multicellular,  its  ceUs  occasionally 
drawn  out  into  lappets ;  see  I  b),  Begoniaceae  (various  types.  Fig.  88,  p.  401,  head  in 
part  hammer-shaped ;  multicellular  pearl-glands),  Umbedliferae  (?  ? ;  certainly  very 
rare),  Araliaceae  (uniseriate),  Comaceae  (various  types),  Caprifohaceae  (various  types; 
see  I  b),  Valerianeae  (multicellular  heads;  see  I  b),  Dipsaceae  (as  in  the  Valerianeae), 
Compositae  (various  types,  commonly  biseriate  vesicular  fflandular  hairs.  Fig.  103, 
p.  458 ;  see  I  b),  Candolleaceae  (heads  of  diverse  types ;  see  I  b),  Goodeniaceae  (multi- 
cellular heads;  see  I  b),Vacciniaceae  (various  t3rpes ;  in  some  cases  biseriate  ligulaie 
flandular  haire.  Fig.  108,  p.  478),  Ericaceae  (various  types,  occasionally  uniseriate, 
'ig.  no,  p.  485  ;  see  lb),  Monotropeae  (vanous  types,  see  lb),  Lennoaceae  (uni- 
seriate glands  with  a  unicellular  head),  Primulaceae  (uniseriate  glands  with  a  uni- 
cellular head.  Fig.  1 14,  p.  502 ;  see  I  b),  Myrsineae  (head  unicellular ;  see  I  b),  Ebena- 
ceae  (uni-  or  multicellular  heads ;  see  I  b),  Plocosperma,  Polemoniaceae  (heads  uni- 
cellular or  divided  by  means  of  horizontal  walls  into  several  tiers,  which  are  themselves 
divided  by  vertical  walls  ;  see  I  b),  Hydrophyllaceae  (various  types,  in  part  with 
unicellular  heads ;  see  I  b),  Boragineae  (heads  unicellular  and  variously  shaped. 
Fig.  126,  p.  557),  Convolvulaceae  (various  types,  in  part  uniseriate.  Fig.  129,  p.  567 ; 
see  I  b),  Nolaneae  (heads  of  diverse  types^  also  unicellular),  Solanaceae  (various  types, 
heads  in  part  unicellular.  Fig.  133,  p.  577 ;  see  lb),  Retsia  (diverse  types),  Scrophu-  ' 
larineae  (unicellular  heads ;  see  I  b),  Orobanchaceae  (as  m  the  SGrophularineae), 
Lentibularieae  (as  in  the  Scrophularineae),  Gesneraceae  (as  in  the  Scrophularineae), 
Acanthaceae  (as  in  the  Scropnularineae),  Myoporineae  (as  in  the  Scrophularineae), 
Verbenaceae(as  in  the  Scrophularineae),  Labiatae  (rardy  unicellular  heads,  which  are 
of  large  size  and  have  a  cuticle,  which  is  strongly  elevated  in  a  vesicular  manner, 
otherwise  as  in  the  Scrophularineae),  Plantagineae  (various  types ;  see  lb),  Nycta- 
gineae  (uniseriate,  in  psurt  branched,  with  unicellular  heads.  Fig.  1 54,  p.  646 ;  nairs 
really  glandular  ?),  lUecebraceae  (uniseriate  with  unicellular  heads),  Amarantaceae 
(as  in  the  lUecebraceae,  glandular  ?),  Chenopodiaceae  (uniseriate.  Fig.  159,  p.  659), 
Polygonaceae  (unicellular  heads;  see  lb),  Piperaceae  (unicellular heads;  hydathodes. 
Fig.  168,  p.  689)  Myristicaceae  (see  p.  699),  Hemandiaceae  {Illigera  with  a  transversely 
septate,  tncellular  nead,  Fig.  172,  p.  708),  Proteaceae  (Fig.  173,  p.  71 3),  Euphorbiaceae 
(various  types,  heads  in  psurt  unicellular ;  see  I  b),  Ulmaceae  (various  types),  Canna- 
bineae(Fig.  181, p.  769;  see  I  b),  Moraceae  (various  types,  in  part  uniseriate;  see  lb), 
Urticeae  (see  lb),  Platanaceae  (unicellular  heads),  Leitnerieae,  Myricaceae  (various 
types,  in  part  uniseriate ;  see  I  b),  Cupuliferae  (diverse  types,  in  part  uniseriate. 
Fig.  187,  p.  793;  see  lb),  Empetraceae  (various  types,  heads  in  part  unicellular. 
Fig.  188,  p.  800). 

It  remains  to  mention  the  following  special  forms  of  the  multicelliilar 
glands  (apart  from  those  akeady  indicated  in  the  preceding  review  by  the 
use  of  heavy  type) :  (a)  the  peltate  glandular  hairs  of  certam  Papilionaceae 
(Fig.  59,  p.  268),  Mimoseae  and  Droseraceae  (Fig.  71,  p.  325),  which  have  a 
shield  composed  of  two  layers  of  cells ;  (b)  the  sphencal  glands  of  certain 
Papilionaceae  (especially  Phaseoleae),  in  which  abundant  secretion  is  deposited 
between  the  cells  of  the  head  (which  are  in  loose  connexion  with  one  another), 
and  in  a  subcuticular  position  (Fig.  59,  p.  268) ;  (c)  the  peltate  or  spherical 
glands  of  certain  Papilionaceae  (Fig.  59),  Caesalpinieae  (Fig.  63,  p.  287) 
and  Lythrarieae  (Fig.  80,  p.  370),  which  endose  an  intercellular  secretory  space ; 
(d)  the  branched  external  glands  of  certain  species  of  SatUiria  (Burseraceae, 
Fig.  43,  p.  191),  Rhus  (Anacardiaceae)  and  Mimosa  (Mimoseae),  and  of  Cono- 
cephalus  and  Sparattosyce  (Moraceae) ;  (e)  the  penicillate  mucilage-hairs  of 
certain  species  of  CandoUea  (Candolleaceae),  which  show  special  peculiarities 
in  certain  stages  of  their  development,  and  are  provided  with  two  or  more 
uniseriate  rays,  which  are  bi-  or  multicellular  ;  (/)  lastly,  the  external  glands 
of  certain  Mdastomaceae,  which  have  two  or  four,  or  even  more  heads  situated 
on  a  common  stalk,  and  the  paired  glands,  found  in  spedes  of  i4c^(Aceraceae), 
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in  which  the  unicellular  stalks  are  fused  l^igthwise  with  one  another.  Finally, 
brief  mention  may  be  made  of  the  <x:casional  combination  of  glandular  bans 
in  jnroups  (Compositae,  Ficoideae  \  Moraceae,  see  also  §  36  under  nectaries), 
ana  the  outgrowth  of  cells  of  the  stalks  of  the  glandular  hairs  in  a  papillose 
or  hair-like  manner  (in  certain  Melastomaceae). 

I  b.  The  glandular  hairs,  the  heads  of  which  are  divided  sol^y  by 
means  of  vertical  walls',  may  be  divided  into  those  which  have  peltate  heads, 
and  those  which  have  spherical  heads.  The  former  for  the  most  part  have 
short  stalks,  while  the  latter  generally  have  longer  stalks,  the  stalks  often 
being  of  considerable  length.  The  number  and  mode  of  arrangement  of  the 
cells  forming  the  head  (which  is  of  variable  size)  varies,  occasionally  even  in 
the  trichomes  of  one  and  the  same  species.  In  most  cases  there  is  only  a  slight 
accumulation  of  secretion  beneath  the  cuticle.  Vesicular  integumental  g^lands 
of  the  peltate  type,  in  which  the  cuticle  is  raised  like  a  bladder  owing  to  the 
formation  of  abundant  secretion,  have  been  recorded  only  in  a  few  Orders 
(Mimoseae,  Combretaceae,  Fig.  76,  p.  346,  Melastomaceae,  Tumeraceae  ?, 
Fig-  83,  p.  382,  Compositae  ?,  AtUhotrodie,  Bi^noniaceae,  Fi^.  141,  p.  603, 
Verbenaceae,  Labiatae,  Fig.  152,  p.  638,  Euphorbiaceae,  Cannabmeae,  Fig.  181, 
p.  760,  and  Myricaceae).  Special  forms  of  these  glands  are  constituted  by  the 
mucilage-hairs  of  certain  species  of  Caffio/^Ai,  in  which  the  cells  of  the  head  are 
rod-shaped,  and  the  well-lmown  kamala-glands  of  MaUotus  (Euphorbiaceae)  with 
a  head,  composed  of  club-shaped  cells.  Other  special  forms  of  the  glandular 
hairs  in  question  are  as  follows.  Large  peltate  glands,  which  are  differentiated 
after  the  manner  of  the  intra-mural  glands,  are  found  in  Rhododendron  and  Ledum 
(Ericaceae,  Fig.  no,  p.  485),  while  special  types  of  glands,  the  heads  of  which 
are  divided  solely  by  a  single  vertical  wall,  occur  in  some  of  the  Budklleioideae 
(Loganiaceae,  Fig.  124,  p.  542).  Characteristic  peltate  glands  (Fig.  135, 
p.  586)  are  widely  distributed  in  the  Rhinanthaceae  ;  these  glands  consist  of 
a  uni-  or  multicellular  basal  portion,  a  middle  cell  and  a  group  of  2-4  lid-cells, 
covering  the  middle  cell,  reltate  glands  of  quite  a  similar  type  are  found 
also  in  MonophyUaea  (Gesneraceae),  the  glands  here  excreting  chalk  and  having 
two  lid-cells.  Other  particularly  noteworthy  forms  are :  (a)  the  glandular 
hairs  of  certain  Lentioularieae  (Fig.  139,  p.  596),  which  are  provided  with 
a  stellate  or  two-armed  terminal  portion,  composed  of  four  and  two  cells 
respectively,  these  glands  resembling  the  stellate  hairs  of  certain  Droseraceae, 
already  mentioned  in  §  32 ;  {h)  the  curious  forked  glands  of  Primulina  (Gesnera- 
ceae) ;  (c)  the  glandular  hairs  of  certain  Gesneraceae,  which  are  provided  with 
a  stellate  head  with  3-4  rays ;  (d)  the  mucilage-glands  of  many  Pedalineae,  in 
which  the  outer  walls  of  the  glandular  head,  which  consists  of  four  or  mare 
cells,  become  mucilaginous  (Fig.  143,  p.  612) ;  (e)  the  peculiar  peltate  glands 
of  the  Myoporineae  (Fig.  149,  p.  626),  in  which  the  stalk  is  excentric ;  (/)  the 
shortly  stalked  chalk-glands  of  the  Selagineae  (Fig.  150,  p.  629),  the  heads  of 
which  consist  of  two  cells  and  mostly  have  two  knobs  ;  (g)  the  external  glands 
of  certain  Gesneraceae  and  of  the  Thunbergieae  (Acanthaceae,  Fig.  144,  p.  615), 
which  are  provided  with  a  hammer-shaped  or  biscuit-shaped  head,  divided  by  a 
transverse  wall ;  and  (h)  the  peculiar  external  glands  of  LiUorella  (Plantagineae, 
Fig.  153,  p.  643). 

Glandular  hairs  with  a  spherical  or  peltate  head,  divided  exclusively  by  one 
or  more  vertical  walls,  and  consisting  of  two  or  many  cells,  are  found  in  the  following 
Orders  and  genera :  Bbdneae,  Dipterocarpeae  (Fig.  3 1 ,  p.  1 37 ;  see  I  a),  A  ncistrodadus 
(Fig.  32,  p.  143),  Malvaceae  (scarcely  typical ;  see  I  a),  Burseraceae,  Sapindaceae 

'  In  GlischroihamnuSf  according  to  Pilger,  in  Engler,  Bot.  Jahrb.,  xl,  1908,  p.  397. 

'  The  term  '  vertical  wall  *  is  not  always  to  be  interpreted  in  the  exact  geometriou  sense.  When 
the  heads  of  the  glandular  hairs  consist  of  nnmerons  cells  and  are  strongly  ardied  outwards,  the 
division-walls  namely  converge  towards  the  stalk,  the  celb  of  the  hc«d  in  snch  cases  being  genmlly 
elongated  in  a  palisade-like  manner. 
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(see  I  a)»  Hippocastanaceae  (see  I  a),  Sabiaceae  (see  la),  Anacardiaceae  (see  I  a), 
Papilionaceae  (very  rare;  see  la),  Mimoseae  (Fig. 65, p.  295  ;  see  la),  Saxifrag^aoeae 
(see  la),  Droseraceae {Byblis\  Halorageae  (Fig.  72,  p.  337),  Combretaceae  (Fig.  76, 
p.  346 ;  see  I  a),  Melastomaceae  (see  I  a),  Tumeraceae  (Fig.  83,  p.  382 ;  see  I  a), 
Cucurbataceae  (see  I  a),  Cararifoliaceae  (Fig.  100,  p.  441 ;  see  I  a),  Valerianeae  (see 
I  a),  Compceitae  ?  (see  I  a),  Dipsaceae  (see  I  a),  Candolleaceae  (see  I  a),  Goodeniaceae 

Ssee  I  a),  Ericaceae  (Fig.  1 10,  p.  485 ;  see  I  a),  Monotropeae  (see  I  a),  Primulaceae  (see 
[a),  Myrsineae  (Fig.  116,  p.  510;  see  la),  Ebenaceae  (see  la),  Oleaceae  <Fig.  119, 
F.  523),  Loganiaceae  (Fig.  124,  p.  542),  Polemoniaceae  (see  I  a),  Hydrophyllaceae^lsee 
a),  Convolvtilaceae  (Fig.  129,  p.  567 ;  see  I  aj,  Solanaceae  (Fig.  133,  p.  577 ;  see  I  a), 
Scrophularineae  (Fig.  135, p.  506;  see  la),  (Jrobanchaceae  (see  la),  Lentibularieae 
(Fig.  136,  p.  592;  see  la),  Gesneraceae  (Fig.  140,  p.  599;  see  I  a),  Bignoniaceae 
(Fig.  141,  p.  603),  Pedalineae  (Fig.  143,  p.  612),  Acanthaceae  (Fig.  144,  p.  615 ;  see 
I  a),  Myoporineae  (Fig.  149,  p.  626 ;  see  I  a),  Sela^eae  (Fig.  1 50,  p.  629),  Verbenaceae 
(Fig. I5i,p.632;  seeIa),LaDiatae(Fig.  152,  p.  638;  8eeIa),Pliaiitag^eae(Fig.  153, 
p.  643 ;  see  I  a),  Polygonaceae  (see  I  a),  Nepenthaceae  (Fig.  165,  p.  679),  Cytinaceae, 
Euphorbiaceae  (see  I  a),  Cannabineae  (Fig.  181,  p.  769;  see  I  a),  Moraceae  (see  I  a), 
Urticeae  (see  I  a),  Juglandeae,  M3rricaceae  (see  I  a),  Juglandeae,  Myricaceae  (see  la), 
Cupuliferae  (Fig.  187,  p.  793  ;  see  la). 

II.  Hair-like  external  glands  ^  which  are  generally  of  large  size  and 
in  most  cases  have  a  complicated  structure.  We  may  first  mention  the 
following  forms.  Multicellular  laf eniform  or  urceolate  glands  (Fig.  34,  p.  149) 
occur  in  certain  Malvaceae.  Pearl-glands,  which  are  composed  of  many  (some- 
times very  many)  cells,  are  found  in  certain  Sterculiaceae,  Ampelidaceae(Fig.  5a» 
p.  223),  Caesalpinieae,  Begoniaceae,  Moraceae,  and  Urticeae ;  some  of  these 
glands  have  an  epidermis  of  small  cells,  which  includes  a  stoma  situated  on 
the  side  opposite  to  the  stalk.  Spherical  glands  with  a  palisade-epidermis  and 
a  pair  of  guard-cells,  situated  on  the  side  opposite  to  the  short  stalk,  occur  in  Leea 
(Ampelidaceae,  Fig.  52,  p.  223).  Small,  almost  sessile,  cucullate  glands  are  found 
at  the  base  of  a  depression  (which  is  provided  with  a  narrow  aperture)  in  the  sur- 
face of  the  plant  in  Laguncularia  (Fig.  76,  p.  346)  and  Conocarpus  (&)mbretaceae). 
Other  forms  requiring  mention  are  the  Is^enif orm  external  glands  of  Didamnus 
(Rutaceae,  Fig.  41,  p.  177),  the  basal  portion  of  which  indud^  a  secretory  cavity, 
and  the  cylindrical  emergences  of  Eucalyptus  (Myrtaceae,  Fig.  77,  p.  353),  which 
likewise  contain  a  secretory  cavitjr.  The  external  glands  of  Dtdamnus  are  closely 
related  on  the  one  hand  to  the  conical  glandular  shaggy  hairs  of  Cwbhea  lanccclata 
(Lythrarieae,  Fig.  80,  p.  370),  which  are  composed  of  numerous  cells  and  contain 
a  group  of  secretory  ceUs  in  their  basal  portion,  and  on  the  other  hand  to  the 
bulbous  hairs  of  certain  Papilionaceae,  Caesalpinieae  (Fig.  59,  p.  268,  and  Fig. 
63,  A^  p.  287)  and  Tumeraceae  (Fig.  83,  p.  382),  in  which  there  is  no  secretory 
cavity  in  the  swollen  base  of  the  gland.  The  retort-shaped  glands  of  certain 
Caesalpinieae  (Fig.  63,  Z>,  p.  287),  lastly,  constitute  somewhat  reduced  forms  of 
bulbous  hairs,  the  basal  portion  of  which  is  sunk  into  the  tissue  of  the  orgaji 
bearing  them ;  with  them  we  may  class  the  retort-shaped  hairs  of  BeUucia 
(Melastomaceae),  which  are  merely  uniseriate  and  have  a  basal  portion,  divided 
by  numerous  septa.  The  remaining  external  glands,  to  be  included  here,  are 
glandular  shaggy  hairs,  having  a  multiseriate  stalk  of  varying  length  and  a 
head,  which  is  either  (rarely,  in  Menispermaceae,  Fig.  7,  p.  41,  Papmonaceae, 
Convolvulaceae,  Cuscuteae)  unicellular  or  irregularly  multicellular  jot  (in  very 
many  cases,  see  Fig.  loi,  p.  446)  consists  of  a  central  core  of  cells,  which  are 
elongated  in  the  direction  of  the  length  of  the  stalk  and  are  enveloped  by  one 
or  more  layers  of  secretory  palisade-cells.  The  stalk  (and  sometimes  also  the 
core  in  those  glands,  the  heaos  of  which  are  provided  with  a  palisade-epithelium) 
often  contains  a  vascular  bundle  or  the  termination  of  a  vascular  bundle. 
Glandular  shaggy  hairs,  showing  the  type  of  structure  just  described,  are 
occasionally  (e-e.  in  the  Rosaceae  and  Euphorbiaceae)  connected  by  transi- 
ticms  with  glandular  spots,  having  an  identical  structure  (see  §  36). 

'  For  the  external  glands  found  in  insectivorous  plants,  see  %  38,  p.  11 33. 
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Cttandnlar  shaf  gy  hairs  have  been  observed  in  the  following  Orders  and 
Menispermaceae  (Fig.  7,  p.  41).  Crudferae  (Fig.  15,  p.  6^)^  Capparideae, 
*       e,  Tiliac  '•  "        '  -•         - 


fiemandreae,  Elatineae,  Tiliaceae,  Lineae,  Geraniaceae,  Simiurnbaceae  (Fig.  43, 
p.  183),  Lnxemburgiaceae  (Godoyeae,  on  the  stionles  and  sepals),  Rhanmeae  (for 
the  most  part  only  on  the  margin  of  the  leaf),  Saiwidaceae,  Aceraoeae  (ooca- 
siooally  separatinjg  mto  two  uniseriate  hair-like  filaments  at  the  apex,  see  p.  893), 
Papihonaoeae,  Mimoseae,  Rosaceae,  Saxifragaceae  (Fig.  68,  p.  316),  Pmtkomm, 
CrasBolaceae,  Droseraceae  (digestive  glands,  showing  a  uniform  type  of  structure, 
Fiff.  7i,p.  325),  Haloraffeae(Fi^.  72,  p.  337),  Rhizophoraceae  (generally  on  the sti^^ 
only),  Melastomaceae,  Lythraneae,  Tumeraceae  (Fig.  83,  p.  382),  Pa»ifloraceae  (Fig. 
^4»  P*  S^S)'  B^oniaoeae,  Datisceae,  Araliaceae,  Rnmaceae  (only  on  the  stipules  and 
floral  orgsms.  Fig.  loi,  p.  446),  Compo8itae,,Csuidolleaceae,  Vacciniaceae,  Ericaceae, 
Monotiopeae,  flumbagineae,  Apoc3maceae  (on  the  peticdes,  &c),  Asdepiadeae 
(Ux  the  most  part  as  in  the  Apocynaceae),  Loganiaceae  (as  in  the  Asdepiadeae), 
Gentianeae  (rare,  in  the  aadls  or  on  the  surface  of  the  leaves),  Convolvnlaoeae,  Cuacn- 
teaie(inthe  flower),  Solanaceae  (Fig.  133,  p.  577),  Pol3rgonaceae,Nepenthaoeae  (pitcher- 
and  nectarial  fi;lands),  Euphorbiaceae,  Thelygoneae,  Ceratophylleae  (a{)ioes  of  ^e 
leaves).  For  details  as  to  the  structure  of  the  glandular  shaggy  hairs,  see  die 
individual  Orders. 

The  varied  nature  of  the  secretion,  produced  by  the  hair-like  external 
glands,  has  already  been  reputedly  referred  to  (see  also  §  29),  and  it  is  (»ly 
necessary  to  add  that  excretion  of  carbonate  of  lime  or  of  some  other  salt 
has  been  observed  in  certain  PapUionaceae,  (3onvolvulaceae,  Scrophularineae, 
(jesneraceae,  Bignoniaceae  and  Selagineae.  In  some  cases  the  secretion  of 
resin  is  so  considerable  that  the  leaves  become  covered  with  a  perfect  layer  of 
varnish  ^ 

External  glands,  which  are  sunk  in  the  smiace  of  the  leaf,  occasionally 
give  rise  to  transparent  dots. 

§  35.  Glandular  Leaf-Teeth'  are  found  in  species  belonging  to  a  large 
nomber  of  Orders.  According  to  the  type  of  structure  they  show  they  may 
be  grouped  in  three  categories.  In  the  first  case  the  leaf-teeth  bear  the  same 
kinds  of  glandular  hairs  as  occur  on  the  surface  of  the  leaf ;  in  the  second  case 
they  have  a  secretory  epidennis,  which  is  differentiated  like  palisade,  0€  they 
are  completely  transformed  into  glandular  shaggy  hairs,  the  epidennis  of 
which  shows  the  same  differentiation  ;  and  in  the  third  case  they  include  the 
termination  of  a  vascular  bundle,  which  is  associated  with  an  epithema  (often 
containing  mucilage),  the  epidermis  above  the  latter  containing  one  or  more 
water-pores.  Leaf-teeth  of  the  first  and  second  types  secrete  resin,  while 
those  of  the  third  type  secrete  mucilage  or  water  (the  latter  in  some  cases 
contains  chalk,  which  becomes  deposited  on  the  surface  of  the  plant,  e^.  io 
the  Violarieae  and  Saxifragaceae).  The  process  of  secretion  frequently  takes 
place  <Mily  in  the  young  leaf.  The  glandular  leaf -teeth  in  some  cases  no  doubt 
function  also  as  extra&>ral  nectaries. 

The  structure  of  the  glandular  leaf -teeth  has  been  examined  in  the  foUowiag 
Orders :  Ranunculaceae,  Trochodendraceae,  Qiidferae,  Violarieae,  Caryophylleae, 
Temstroemiaceae,  Tiliaceae,  Humiriaceae,  Geraniaceae,  Celastrineae,  Khanmese, 
Aceraceae,  Staphyleaceae,  Ampelidaceae,  Papilionaceae,  Rosaceae,  Saxifragaceae, 
Hamamdideae,  Kalorageae,  Onagrarieae,  Cucurbitaceae,  Caprifoliaceae,  Dipsaceae, 
Compositae,  Campanulaceae,  Vacciniaceae,  Primulaceae,  Gentianeae,  Polemoniaceact 
Scrophularineae,  Verbenaceae,  Labiatae,  Ulmaceae,  Cannabineae,  Moraoeae. 
Juglandeae,  Cupuliferae,  Salidneae.     For  details,  see  under  the  individual  Ordcfs. 

§  36.  Large  Glandular  Mechanisms  (Nectaries)*.    At  this  p«nt 


'  Volkens,  Lack.  Bl.,  Sits.-Ber.  deutsch.  bot.  G«tellsch.  1890,  p.  lao. 

'  See  Remke,  in  Pringsheim  Jahrb.,  x,  1876,  p.  119;  and  Virchow,  Blattzahne,  Arctic 
d.  Pharm.,  1896. 

'  See  espraally  Ponlsen,  Trik.  og  Nektar.,  Vidensk.  Meddel.  natnrfa.  For.  Kj^benhavii,  iS75' 
abstr.  hi  Jost,  1875,  p.  1015;  Bonnier,  Nect..  Ann.  tc.  nat.,  ser.  6,  t.  nti,  1878;  [Davis,  Kecttr- 
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I  propose  to  give  a  collective  account  of  the  large  jriandular  mechanisms 
generally  described  as  nectarial  jlands  or  nectaries.  The  glands  in  question 
vary  very  much  in  structure.  They  do  not  always  form  a  secretion,  which 
contains  sugar  or  is  of  the  nature  of  honey,  for  the  secretion  is  sometimes 
mucOaginous  or  like  wax,  M^iile  in  other  cases  (in  the  hydathodes)  it  is  no 
doubt  merely  water  ;  so  that  the  term  '  nectary '  is  not  always  suitable. 
Owing  to  their  large  size  these  glands  are  visible  even  to  the  naked  eye,  and 
have  therefore  been  recorded  m  many  Orders  by  systematists.  In  some 
Orders  they  are  of  such  general  occurrence  that  they  constitute  a  diagnostic 
character  aiding  in  the  reco^tion  of  a  member  of  the  Order,  while  in 
other  Orders  they  are  found  either  in  all  (e.  g.  QuaUa,  Vochysiaceae)  or  only 
in  certain  species  of  a  genus.  Only  those  nectaries,  which  appear  on  the 
vegetative  oi^^ans,  will  be  considered  here ;  very  commonly,  however,  nectaries 
occur  on  the  inflorescence  and  on  the  sepals,  either  side  by  side  with  those  on 
the  vegetative  organs  or  to  the  exclusion  of  the  latter.  The  position,  in  which 
they  occur  on  the  leaf,  varies.  They  may  be  present  to  the  number  of  one 
or  more  on  either  side  of  the  base  of  the  petiole  in  the  form  of  disc-shaped 
or  wart-like  glands  ;  in  other  cases  they  are  shifted  up  on  to  the  petiole,  where 
they  constitute  wart-Uke  appendages,  or  are  developed  in  the  form  of  depressed 
callosities  on  its  upper  siae,  while  not  uncommonly  they  are  situated  at  the 
limit  of  lamina  and  petiole,  appearing  as  discoid,  wart-shaped  or  pit-like  struc- 
tures. In  other  cases  again  they  are  found  on  the  lower  side  of  the  lamina, 
although  sometimes  restricted  to  the  basal  portion ;  the  nectaries  on  the 
lamina  are  developed  as  pit-like  callosities  on  the  midrib  or  apex  of  the  leaf, 
as  disc-shaped  structures  on  the  leaf-margin,  and  as  shallow  pit-Uke  or  disc- 
shaped glands,  or  as  mere  spots  on  the  lower  surface  of  the  leaf,  where  they 
occur  in  varying  numbers  and  occasionally  show  a  definite  arrangement  with 
reference  to  the  veins.  Nectaries  are  rardy  found  also  on  the  upper  surface 
of  the  leaf.  They  have,  however,  also  been  observed  on  the  stipides,  and  in 
some  cases  they  are  metamorphosed  stipules  or  stipels  (StercuUaceae,  Ca^- 
foliaceae,  Leguminosae,  Combretaceae) ;  in  the  species  of  Capparis^  belonging 
to  the  section  CynophaUa^  DC,  moreover,  they  are  transformed  foliage-shoots. 
The  structure  of  the  nectaries  is  very  diverse,  and  on  the  basis  of  these  differ- 
ences in  structure  the  majority  of  the  nectaries  may  be  classified  in  two  series, 
which  are  connected  with  one  another  by  transitional  forms.  The  nectaries 
of  the  first  series  are  composed  of  groups  of  small  glandular  hairs,  which  are 
found  either  (a)  on  the  surface  of  the  or^an,  or  (h)  in  shallow  depressions  in  the 
surface,  or  (c)  clothing  deep  pits  of  diverse  structure  in  the  surface  of  the 
organ,  these  pits  often  being  provided  with  a  narrow  ostiole,  or  (d)  lining  the 
inner  wall  of  hollow  glandular  bodies,  which  have  an  ovoid  form  (Olacineae). 
The  structure  of  the  glandular  hairs  forming  these  nectaries  is,  as  a  general 
rule,  identical  with  that  of  the  external  glands,  which  are  found  as  isolated 
trichomes  on  the  vegetative  organs  of  the  species  in  question,  although  the 
secretory  portion  is  usually  more  strongly  devdoped.  To  this  series  bdong 
the  nectaries  found  in  certain  Menispermaceae,  Malvaceae,  Sterculiaceae, 
Olacineae,  Papilionaceae  (Fig.  50,  p.  268),  Oleaceae,  Convolvulaceae  and 
Polygonaceae,  as  weH  as  the  glanaum  zones  on  the  stems  of  certain  Sileneae 
(Fig.  25,  p.  108).  The  simpler  forms  of  the  nectaries  of  the  first  series  are 
related  to  the  groups  of  glandular  hairs,  mentioned  in  §  34  (p.  1128),  and  the 
latter  can  to  some  extent  be  regarded  as  initial  stages  in  the  devdopment  of 


glands  OD  leaves,  Bot.  Gazette,  1883,  p.  339]  ;  Delpino,  Fimz.  mirmecof.,  Mem.  Ace.  Bologna,  1886, 
p.  315,  and  1888,  p.  601 ;  Morinl,  Nett.  estrannz.,  Mem.  Ace  Bologna,  1886,  p.  335,  and  6  tab., 
here  also  the  older  literature;  Hanpt,  Sekretionsmechanik  d.  extianapt.  Nekt.,  Flora,  190a,  p.  i, 
also  Diss.,  Leipzig;  Schwendt,  Extrafloiale  Ndctarien,  Bdh.  z.  Bot.  Centralbl.,  ndi,  Abt.  i,  1907, 
p.  345  et  seq.  and  tab.  ix. 
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such  nectaries.  The  forms  of  nectaries,  comprised  in  the  second  series,  are 
more  widely  distributed  than  those  of  the  nrst  series.  The  former  in  the 
first  place  show  all  transitions  between  bodies,  which  project  in  the  form  of 
a  heady  wart,  or  disc,  and  may  occasionally  even  be  stalked,  and  structures 
formed  solely  by  a  group  of  superficial  cells  on  the  organ  bearing  the  gland. 
In  the  two  extreme  types  of  the  nectaries  belonging  to  this  series,  as  well  as 
in  their  intermediate  forms,  the  glandular  tissue  may  consist  throughout  of 
small  polyhedral  ceUs  with  thin  walls,  or  the  epidermis  of  the  gland  may  be 
differentiated  as  a  palisade-epithelium ;  when  the  latter  is  strongly  elongated, 
each  of  its  prismatic  cells  is  frequently  divided  by  a  transverse  waJL  Pit-like 
nectaries,  which  occasionally  have  a  number  of  subsidiary  excavations  and 
open  to  the  exterior  by  means  of  a  wide  or  narrow  orifice,  are  very  rare,  but 
have  been  observed,  for  example,  in  Marcgravia  (Temstroemiaceae),  Coprosma 
(Rubiaceae),  Fagraea  (Loganiaceae),  and  in  the  Nepenthaceae  (Fig.  164,  p.  678) ; 
the  pits  in  these  nectaries  are  clothed  by  one  or  several  layers  of  secretory 
palisade-cells. 

In  the  following  synopsis  of  the  Orders,  in  which  '  extrafloral  nectaries '  occur, 
details  as  to  their  slmpe  and  distribution  are  added  only  in  those  cases  in  which  the 
structure  of  the  glands  has  not  yet  been  investigated,  so  that,  as  a  general  rule,  they 
have  not  been  considered  in  the  earlier  part  of  this  book :  Menispermaceae,  Cappari- 
deae  (axillary  nectaries  in  species  of  Capparis  belonging  to  the  section  Cynophalla), 
Bixineae  (two  large  nectanes  at  the  base  of  the  leaf  m  Scolopia  and  Idesta^  alro 
glandular  leaf-teeth),  Vochysiaceae  (impressed  nectaries  on  either  side  of  the  base 
of  the  petiole  in  Qualea),  Caryophylleae,  Temstroemiaceae  (Marcgravieae),  Diptero- 
carpeae,  Malvaceae,  Stercuhaceae,  Tiliaceae  (glandular  leaf-teeth  in  Grewia  and 
Tnumfetta),  Humiriaceae,  Malpighiaceae  (Fig.  36,  p.  164),  Geraniaceae  (glandular 
warts  on  the  petiole  in  Impatiens),  Rutaceae  (in  Boronia,  also  discoid  or  wart-shaped 
nectaries  on  the  lower  side  of  tJ^e  leaf  in  species  of  Zanthoxyhn),  Simarubaceae 
(in  Ailanthns  and  Cadellia,  also  wart-like  nectaries  on  both  surfaces  of  the  leaf  in 
species  of  Samadera),  Olacineae,  Rhamneae,  Staphyleaceae  (two  glands  on  the  base 
of  the  leaf  in  Huertea),  Anacardiaceae  (wart-like  nectaries  on  the  upper  part  of  the 
petiole  or  in  place  of  the  stipels  in  Holigarna),  Moringeae  (nectanes,  which  are 
occasionally  stalked,  at  the  base  of  the  pinnules  and  on  the  petiole  in  Moringa)^ 
Papilionaceae  (Fig.  59,  p.  268),  Caesalpinieae,  Mimoseae,  Rosaceae,  Combretaceae, 
Lecythidaceae,  Lythi^eae  (thick  bodies,  provided  with  an  open  pore  and  situat^ 
at  the  end  of  the  midrib  of  the  leaf  in  Lafoensia,  acarodomatia  ?),  Sam^daceae 
(nectaries  at  the  apex  of  the  petiole  or  on  the  margin  of  the  leaf  in  Banara)^  Tumera- 
ceae,  Passifloraceae,  Cucurbitaceae  (nectaries  of  diverse  shape,  often  discoid, 
situated  either  on  the  entire  lower  side  of  the  leaf  or  confined  to  tiie  base  of  the  leaf 
in  species  of  Abobra,  Adenopiis,  Alsomitra,  Bryonia,  Cephalandta,  Cucutbita,  FeuiUea^ 
Lagenaria,  Luffa,  Mamordtca,  Sphaerosicyos,  Trianosperma,  Trichosanthss),  Cacteae 
(see  Delpino),  Caprifoliaceae,  Kubiaceae,  Compositae  (at  the  base  of  the  foliage- 
leaves  in  the  floral  region  of  HeliatUhus),  Vacciniaceae,  Ebenaceae  (nectaries  on  the 
lower  side  of  the  leaf  in  species  of  Diospyros  and  Royena),  Oleaceae,  Loganiaceae, 
(^nvolvulaceae,  Scrophularineae,  Bignoniaceae  (Fig.  141,  p.  603),  Verbenaceae, 
Polygonaceae,  Nepenthaceae,  Euphorbiaceae  (Fig.  180,  p.  748),  Moraceae,  Sali- 
cineae. 

For  groups  of  water-pores  (hydathodes)  appearing  as  small  pits,  warts  or  spots 
on  the  surface  of  the  leaf,  see  §  5,  p.  1086. 

Before  leaving  this  subject  we  may  point  out  that  the  glandular  spots  and  pits, 
which  have  been  included  among  the  nectaries,  must  not  be  confused  with  so-caUed 
acarodomatia  K  The  latter  are  commonly  differentiated  as  small  pits  or  pockets, 
and  have  been  recorded  in  the  following  (Jrders  :  Ma^oliaceae,  Anonaceae,  Meni- 
spermaceae, Violarieae,  Bixineae,  Temstroemiaceae  (md.  Marcgravieae),  Diptero- 
carpeae,  Stercuhaceae,  Tiliaceae,  Meliaceae,  Ilidneae,  Rhamneae,  Sapindaceae, 
Aceraceae,  Anacardiaceae,  Rosaceae,  Saxifragaceae  (Ribesieae),  Hamamelideae, 
Combretaceae,  Myrtaceae,  Melastomaceae,  Lythrarieae,  Comaceae,  Caprifoliaceae, 
Rubiaceae,  Compositae,  Sapotaceae,  Oleaceae,  Apocynaceae,  Asclepiadeae,  Logania- 

*  See  especially  Peiuig  e  Chiaberra,  Piante  acarofile,  Malpighia,  190a,  p.  413  et  seq. 
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ceae,  Boragineae,  Solanaceae,  Bignoniaceae,  Verbenaceae,  Piperaceae,  Laurineae, 
Euphorbiaceae,  Urticaceae  (ind.  Ulmaceae),  Platanaceae,  Juglandeae,  CupuUferae. 

§  37.  Chalk-  and  Salt-Glands  of  the  Frankeniaceae,  Tamariscineae  and 
Plumbagineae.  These  glands  are  distinguished  by  the  fact  that  they  are 
not  differentiated  as  hairs.  Their  structure  is  simple  and  identical  in  the 
Frankeniaceae  (Fig.  24,  p.  106)  and  Tamariscineae,  while  in  the  Plumbagineae 
(Fiff.  113,  p.  497)  it  is  of  a  more  complicated  t3T>e.  In  this  Order  one  also 
finds  mucilage-elands,  which  show  a  similar  structure,  apart  from  the  fact 
that  they  consist  of  still  more  numerous  cells  (Fig.  113).  Mucilage-glands, 
which  are  differentiated  as  hairs,  have  also  been  obs^ed  in  the  Plumbagineae, 
while  glandular  shafi;gy  hairs  occur  on  the  inflorescence,  and  in  respect  of  their 
structure  both  kinds  of  trichomes  can  be  derived  from  the  above-mentioned 
mucilage-glands,  which  are  not  of  the  nature  of  hairs. 

For  glandular  hairs,  excreting  chalk  or  other  salts,  see  the  end  of  §  34 
(p.  1130) ;  regarding  leaf-teeth,  wWch  excrete  chalk,  see  §  35  (p.  1130). 

§  38.  Special  Forms  of  External  Glands  occurring  in  Insectivorous 
Plants.  The  glands  of  the  Sarraceniaceae  are  not  hair-like,  although  in 
other  respects  they  show  diverse  structure  (see  p.  53  et  seq.  and  Fi^.  13) ; 
riands  of  a  similar  kind  are  found  also  in  Cephalotus  (see  p.  319  and  Fig.  ^). 
The  Nepenthaceae  have  nectarial  glands,  which  are  not  of  the  nature  of  hairs, 
but  take  the  form  of  small  pits,  the  wall  of  which  is  lined  by  three  layers  of 
secretory  cells  (see  §  36) ;  in  this  Order  one  also  finds  nectanal  and  digestive 
glands,  which  are  differentiated  as  hairs  and  have  2-3  layers  of  secretory 
cells  (see  p.  677  et  sea.  and  Fig.  164).  The  glands  of  the  Droseraceae  (Fig.  71, 
p.  325)  are  always  developed  as  hairs  and  in  all  the  genera  (with  the  sole 
exception  of  the  genus  ByoliSj  which,  according  to  Lang,  must  be  transferred 
from  the  Droseraceae  to  the  Lentibularieae)  are  distinguished  by  having  two 
layers  of  secretory  cells  and  a  suberized  middle  layer. 

§  39.  Ck)RK- Warts  on  the  leaves.  In  certain  species  the  lower  sides 
of  the  leaves  bear  numerous  brown  dots,  which  are  often  styled  glands  in 
anatomical  descriptions,  and  may  therefore  be  discussed  at  this  point.  These 
dots,  however,  as  shown  by  a  microscopical  examination,  are  not  glandular, 
but  represent  local  formations  of  cork — so-called  cork-warts.  Mention  may 
also  be  made  here  of  the  constant  occurrence  of  corky  tissue  at  the  apices  of 
the  leaves  in  the  Bruniaceae. 

Cork-warts  have  been  observed  in  the  following  Orders  :  Berberideae,  Gutti- 
ferae,  Temstroemiaceae,  nidneae  (Fig.  50,  p.  210),  Celastrineae,  Hippocrateaceae, 
Chrysobalaneae,  Saxifiagaceae,  Hamamelideae,  Rhizophoraceae,  Myrtaceae  sens. 
8tr.,  Melastomaceae,  Lythrarieae,  Araliaceae  (only  on  the  petiole),  Apoc3maceae, 
Loganiaceae,  Gesneraceae,  Piperaceae,  Laurineae  ?,  Loranthaceae,  Euphorlnaceae. 

V.    Normal  Structure  of  the  Axis. 

§  40.  Medullary  Tissue.  Oris  ^  was  the  first  to  show  that  the  presence 
or  absence  of  starch  in  the  pith,  as  in  the  case  of  the  endosperm  of  the  seed, 
is  a  character  of  systematic  importance.  He  distinguishes  (i)  active  medullary 
cells,  i.  e.  cells  storing  starch  and  generally  having  rather  thick  walls,  (ii)  empty 
medullary  cells,  i.  e.  dead  cells  mled  with  air  and  for  the  most  part  having 

*  Oris,  Moelle,  Now.  Arch,  da  Mas.  d'hist.  nat,  t.  vi,  1870,  p.  aoi  and  pL  xii-xx,  and  alto  Ann. 
fc.  nat,  wkt. «,  t.  sir,  1873,  p.  54  and  pi.  4-7  ;  Kasner,  Mark  einiger  Hokpfl.,  Di».,  Bteilaa,  1884, 
38  pp^  a  TaL. ;  Ma^otcj-Diets,  Diapbragma  in  dem  Mark  d.  dikotjL  Houj^ew.,  Math.  n.  natnrwiM. 
Ber.  ant  Ungani,  zni,  1901,  p.  181  et  teq.  (this  paper  deals  with  nodal,  and  not  with  intefnodal 
dlaphngmt) ;  [Foxworthy,  Uiscoid  pith  in  woody  plants,  Proc.  Indiana  Acad.  Sc.  1905  (1904), 
PP-  i9«-4-l 
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rriatively  thin  walls,  and  (iii)  cells  containing  crystalline  elements  or  some  kind 
of  secretion.  The  occmrence  of  an  empty  or  active  pith,  OHisisting  of  empty 
cells  cmly,  or  of  active  cells  only,  as  the  case  may  be  (secretorv  cells  or  cells  con- 
taining crystals  being  present  or  absent),  or  the  occurrence  of  a  heterogeiUKXis 
pith,  formed  both  by  empty  and  active  cells,  is  characteristic  of  tazonomic 
groups  of  varying  magnitude.  The  varied  distribution  of  the  enq>tv  and 
active  cells  in  a  heterogeneous  pith  may,  nK»reover,  also  be  employed  as  a 
systematic  character.  The  active  cells  either  form  a  network  between  the 
empty  cells  or  are  confined  to  the  periphny  of  the  pith,  the  central  portion 
of  wluch  in  the  latt^  case  is  occupied  by  empty  cells.  The  fact  that  the  active 
cells  do  not  contain  starch  all  the  yeox  round,  so  that  they  cannot  alwasrs  be 
recognized  in  herbarium-material  with  as  much  certainty  as  is  desirable,  con- 
stitutes an  obstacle  to  the  extensive  i»actical  use  of  all  these  features. 

The  occurrence  of  spicular  cells  and  of  special  secretory  elements  in  the 
pith  has  already  been  dealt  with  in  the  previous  sections  (see  §  9  and  §  14 
et  seq.).  It  remains  to  mention  the  foUowmg  features  :  (a)  the  pith  of  certain 
species  of  Myzodendron,  which  consists  throughout  of  prosenchymatous  odls ; 
(b)  the  groups  of  8clerench3rmatous  fibres,  situated  at  the  outer  margin  of 
the  pith  and  in  direct  contact  with  the  primary  xylem-groups  of  the  vascular 
bundles,  in  certain  Menispermaceae,  Malvaceae,  Corynocarpaceae,  Araliaceae, 
Polygonaceae,  Loranthaceae,  species  of  Myxodendron^  Proteaceae,  Platanaceae, 
Salicineae,  &c.,  and  the  ring  of  sderenchymatous  fibres,  occup3ang  the  same 
position  in  the  young  branches  of  species  of  Piper ;  (c)  lastly,  the  occurrence 
of  isolated  sderenchymatous  fibres  or  of  groups  of  such  fibres  in  the  interior 
of  the  pith  in  Lophira  and  in  certain  MeUaceae,  Geraniaceae,  Rutaceae,  Lydira- 
rieae,  Araliaceae  {Aralidium)^  Plumbagineae,  Asdepiadeae,  Euphorbiaceae,  and 
Salicineae. 

The  occurrence  of  ^oups  of  stone-cells  in  the  pith  is  generally  only  of 
importance  for  specific  diagnosis.  Horizontal  diaphragms,  composed  of  stone- 
cells  and  forming  transverse  septa  in  the  pith,  possess  greater  systematic  value; 
thev  have  been  observed  in  many  Magnoliaceae,  Anonaceae  (Fig.  5,  p.  35), 
and  Temstroemiaceae,  as  well  as  in  Brachynema  and  certain  Convolvulaceae. 

Other  features  of  systematic  value  are  the  complete  or  partial  disappear- 
ance of  the  pith — die  fistular  character  of  the  stem  in  older  intemodes  (Umbelli- 
ferae !),  and  especially  the  septation  of  the  pith  without  sderosis  (Fig.  185, 

L784),  which  goes  hand  in  hand  with  a  partial  disappearance  of  the  pith.  The 
it  feature  has  been  observed  in  the  following  genera,  of  which  it  is  generally 
(but  not  alwa3^,  e.g.  Jasminum)  characteristic:  Wormia  (Dilleniaceae), 
Diplotaxis  (Cniciferae),  Fouquiera  (Tamariscineae),  Prinsepia  (Chrysobalaneae), 
Aiicuba  (QMnaceae,  only  in  herbarium-material !),  Senecio  (Compositae), 
Halcsia  (St3nraceae),  Jasminum  (Oleaceae),  Paulownia  (Scrophularineae), 
Pedalium  (Pedalineae),  Phytolacca  decandra  (Phytolaccaceae)  ^,  DapkniphyUum 
(Daphniphyllaceae),  Juglans  and  Pterocarya  (Juglandeae). 

§  41.  Appearance  of  the  Transverse  Section  of  the  Stem  in  Her- 
baceous Plants.  The  great  diversity,  shown  by  the  appearance  of  the  trans- 
verse section  of  the  stem  in  herbaceous  plants,  is  mainly  due  to  the  varied 
extent  of  devdopment  or  to  the  complete  or  partial  absence  of  mechanical 
tissue  accompanying  the  vascular  bundles  on  their  inner  and  outer  side,  and 
to  the  diverse  structure  of  the  secondary  wood,  formed  within  the  vascular 
bundles,  and  of  the  interfascicular  tissue  (presence  or  absence  of  wood-fiibres, 
vessels  and  medullary  rays)  *.    With  the  hdp  of  these  features  we  are  able  to 


'  According-  to  Mirbel  and  Holm,  see  Holm,  in  Merck's  Report,  zvi,  1907. 
'  See  Schwendener,  Mech.  Piinzip,  Leipzig,  1874,  p.  14a  et  seq.  and  Tab.  ziv. 
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distinguish  a  number  of  different  types  of  transverse  section,  but  it  would 
be  out  of  place  to  enter  into  a  detailed  description  of  them  at  this  point,  since 
it  has  been  shown  (see  Ranunculaceae,  Cruciierae,  &c.)  that  they  are  only  of 
very  limited  systematic  value  (in  most  cases  they  can  be  employed  only  for 
specific  diagnosis) ;  and,  apart  from  that,  the  occurrence  of  mtermediate 
forms  often  renders  distinction  between  the  principal  types  a  difficult  matter. 
In  certain  Ranunculaceae  (Fig.  i,  p.  16),  Berberideae  \  and  Fumariaceae, 
and  according  to  Schwendener  also  in  certain  Plumbagineae  and  G>mpositae, 
the  line  of  demarcation  between  the  phloem  and  xylem  of  the  vascular  bundles, 
as  seen  in  a  transverse  section  of  the  stem,  has  the  shape  of  an  arc,  the  concave 
side  of  which  (and  not  the  convex  side,  as  is  genersdly  the  case)  is  directed 
outwards  \ 

§  42.  Systematic  Importance  of  the  Structure  of  the  Wood  in  the 
woody  Dicotyledons  •.  The  structure  of  the  wood  affords  a  whole  series  of 
anatomical  characters,  which  are  generally  distinctive  of  genera  or  even  of 
tribes  or  Orders.  The  most  important  of  these  characters  are  as  follows : 
the  kinds  of  perforations  found  in  the  vessels ;  the  structure  of  the  waUs  of 
the  vessels  in  contact  with  parenchyma  of  the  medullary  rays  or  with  wood- 
parenchjmia ;  the  nature  of  the  pits  (simple  or  distinctly  Dordered)  on  the 
walls  of  the  wood-prosenchyma  (wood-fibres),  which  forms  the  ground-mass 


'  In  Cauiophyllum  tkalictroides^  Michx.,  according  to  a  recent  observation  of  my  own. 
'  For  the  ttractore  of  subterranean  stems,  see  Costantin,  Tiges  a^.  et  soot,  des  DicotyL,  Ann. 
sc  nat.,  8^.  6,  t.  xvi,  1S83,  p.  5  et  seq.,  and  NoeUe,  Veigl.  anat  Untersuch.  der  Anslaufer,  Diss., 
*bnrg  i.  Br.,  189a,  7a  pp. 

'  Sianio,  in  Bot  2ieit,  1865,  pp.  85  and  357  et  seq. ;  Rossmann,  Ban  des  Holzes,  Frankfort  a.  M., 
-  -      -    Xi         -  --  •  


Freiburg  i.  Br.,  189a,  7a  pp. 

'  -  '  '  -  .Zdt, 
18O5, 100  pp. ;  lie  Bary,  Vergl.  Anat,  1877,  p.  493  et  sea. ;  Moller,  15eitr.  z.  vergl.  Anat.  des  Holzes, 
Dedcschr.  Wiener  Akad.,  xnvi,  1876,  pp.  397-426  and  Tab.  i-vi;  Solereder,  Systemat  Weit  der 
HoUstmktnr,  Miincben,  1885, 264  pp. ;  Veiqve,  in  Boll.  Soc.  bot  de  France,  1889,  p.  Ixv ;  Honlbert, 
Bois  sec.  dans  let  Ap^tales,  Ann.  so.  nat»  s^.  7,  t  xvii,  1893,  also  Thbe,  Paris,  1803 ;  Peterten^ 
Diagnostisk  Vedanatomi,  KJ0benbaTn,  1901,  93  pp. ;  Stone,  Aiuatomical  cbaiacten  in  the  identificat 
of  wood.  Nature,  Ixv,  looi-a,  pp.  379,  380;  Wiesner,  Rohstoffe,  a.  Aufl..  Bd.  ii,  1903,  p.  i  et  seq. ; 
MoU  and  Janssonius,  Mikrograpbie  des  Holzes  der  anf  Java  vorkommenden  Banmarten,  Heft  i, 
Leiden,  1906, 368  pp.  (Dillenuioefte  to  Dipterocarpeae,  in  the  sequence  of  Durand's  Index),  espedaUy 
AUgem.  Teil,  pp.  40-62  ;  Perrot  et  Gerard,  Anat  du  tissu  ligneux  dans  ses  rapports  avec  laoiagnose 
des  bois»  BulL  Soc.  bot  de  France,  M^m.  6, 1907,  ^3  pp.,  6  pL 

As  regards  the  nomenclature  of  the  elements  of  the  wo<Ki,  I  may  point  out  that  practical  con- 
siderations lead  me  in  the  first  place  to  distinguish  only  three  types  of  elements  (apart  from  the 
parenchjrma  of  the  medullary  ravs),  the  distinctions  being  based  on  purely  morphological  charactersp 
since  this  seems  most  suitable  for  the  purposes  of  systematic-anatomical  invMtigations ;  the  three 
kinds  of  elements  are :  (a)  the  wood-yesaels  (ceU-fusioiis,  serving  for  the  conduction  of  water) ;  (^)  the 
wood-parenchyma  (elements,  which  conduct  and  store  up  carbohydrates);  and  (0  the  wood- 
prosenchyma  or  the  wood-fibres  (elements,  which  always  have  a  more  or  less  pronounced  mechaniral 
function,  but  at  the  same  time  occasionally  also  participate  in  the  functions  of  the  vesseb  or  of 
the  wood-parenchyma).  In  this  terminology  the  following  elementary  organs  of  Sanio's  nomendature 
are  comprised  under  the  term  '  wood-prosenchyma  * :  (a)  the  simple-  or  bordered-pitted  libriform 
and  the  septate  libriform,  which  accordine  to  Sanio  constitute  a  ^tem  in  the  woK)d,  comparable 
to  the  bast-fibres;  {b)  the  intermediate  fibres,  which  are  shorter  than  the  libriform  fibres,  store 
up  starch,  and  function  as  a  substitute  for  the  wood-parenchyma ;  for  this  reason  they  are  included  in 
Sanio's  parenchymatous  system  along  with  the  wood-parenchvma ;  lastly  (0  the  tracheides 
(included  in  Sanio's  tracheal  system  together  with  the  vessels),  whidi,  when  they  form  the  ground- 
mass  of  the  wood,  can  only  be  distinguished  with  difficulty  from  libriform  bearing  bordered  pits, 
while  in  other  cases  such  a  distinction  is  scarcely  possible.  The  use  of  the  term  'tracheides'  may 
be  restricted  to  such  xylem-elements  as  bear  bordmd  pits  and  are  of  the  nature  of  fibres ;  they  occur 
side  by  side  with  simple-pitted  wood-prosenchyma  (libriform)  and  show  distinct  transitions  to  the 
vesseb  in  the  detailea  structure  of  their  walls  and  in  the  occasional  presence  of  perforations  at 
the  ends  of  the  cells.  The  exact  nature  of  the  wood-prosenchyma  within  the  prescribed  limits  must 
naturally  be  taken  into  consideration  in  a  detailed  description.  See  also  Caspary,  in  Pringsheim 
Jahrb.,  iv,  1864,  p.  lai^  and  Schriften  d.  physikaL-<9tooom.  Getellsch.  Konigsberg,  zxviii,  1887, 
p.  37  et  seq. ;  Mouer,  loc.  cit,  p.  301 ;  ana  Petersen,  Trakeide,  Oversigt  Danske  Vidensk.  Selsk. 
Forh.,  1901,  n.  i,  pp.  95-108  (with  a  French  r^sum*^). . 
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of  the  wood ;  the  abundant  or  scanty  development  of  wood-parench3mia ; 
the  breadth  and  structure  of  the  medullary  rays.  Those  structural  features, 
which  vary  with  the  amount  of  moisture  in  the  soil  and  air,  and  the  dc^gree 
of  transpiration  on  the  part  of  the  plant  (e.g.  chiefly  the  relative  abundance 
of  the  vessels  and  the  width  of  their  lumina),  are  for  the  most  part  of  nmKH- 
systematic  value  (cf.  the  Introduction).  This  statement  applies  also  to  the 
presence  or  absence  of  those  xylem-elements,  which  we  have  distinguished  as 
tracheideSy  intermediate  fibres  and  septate  fibrous  cells  (cf.  foot-note  3  on 
p.  1135),  and  which  are  developed  side  by  side  with  the  wood-prosenchyma  (the 
latter  forming  the  ground-mass  of  the  wood) ;  the  relatively  small  syst^natic 
value  of  these  elements  corresponds  with  their  function  as  forms  phj^ologically 
intermediate  between  the  ¥rood-prosenchyma  and  the  vessels,  or  betwe^i  the 
wood-prosenchyma  and  the  wood-parenchjrma,  as  the  case  may  be. 

In  practice,  the  determination  of  a  piece  of  wood  is  based,  primarily,  on  the 
coarser  features,  and  especially  on  those  which  are  recognizable  in  a  transverse  section 
with  the  help  of  a  lens  (e.g.  the  breadth  of  the  medullary  ra3rs ;  the  size  of  the  lumina, 
the  mode  of  arrangement  and  the  rdative  abundance  of  the  vessels  ;  and  the  forma- 
tion of  annual  rings,  which  depends  on  the  features  last  named,  and  is  found  also  in 
the  wood  of  tropical  plants),  as  well  as  on  certain  physical  jm>perties  (such  as  hardness, 
colour,  and  occurrence  of  heart-  and  splint-wood)  \  Th€^  features  can  only  be 
employed  to  a  very  limited  extent  for  systematic-anatomical  purposes,  since  some  of 
them  can  be  detected  only  in  pieces  of  wood,  which  have  attained  a  certain  degree 
of  thickness ;  at  the  present  time,  moreover,  a  systematic  investigation  of  the  wood 
of  foreignplants  can  only  be  undertaken  on  branches  of  herbarium-material,  owing 
to  the  difficulty  in  obtaining  correctly  determined  material  of  exotic  stems.  For 
the  same  reason  we  will  only  briefly  refer  to  the  numerical  methods,  employed 
by  various  authors  for  the  purpose  of  specific  diagnosis  ;  these  methods  consist  in 
the  determination  of  the  numoer  of  vessels  found  in  a  certain  surface-area  (one 
square  millimetre)  of  the  transverse  section,  or  of  the  number  of  medullary  rays 
(which  are  approximately  parallel  to  one  another  in  older  stems)  situated  along  a 
line,  which  is  a  definite  number  of  millimetres  in  length,  and  is  perpendicular  to  the 
direction  of  the  ra3rs  ;  in  certain  species  these  numbers  are  constants. 

§  43.  Wood-vessels.  The  absence  of  xylem-vessels  in  woody  Dicotsie- 
dons  is  a  very  rare  phenomenon,  which  has  been  recorded  only  in  the  genera 
Drimys  and  Zygogynum  (Magnoliaceae)  and  the  genera  Tetracenhrtm  and 
Trochodendran  (Trochodendraceae) ;  it  is  possible  that  the  absence  of  vessels 
in  these  genera  may  be  explained  on  phylogenetic  grounds,  the  structure  of 
their  wood  being  altogether  like  that  of  the  G>niferae.  The  absence  of  vessek 
is  of  more  frequent  occurrence  in  certain  succulents,  water-plants,  and  parasites, 
in  which  it  is  to  be  regarded  as  an  indication  of  reduction.  This  is  the  case 
in  the  following  forms :  the  Njrmphaeaceae ;  Aldrovanda  (Droseraceae) ;  the 
Cacteae,  in  which  the  secondary  wood  is  provided  with  peculiar  annular  and 
spiral  tracheides ;  certain  of  the  Monotropeae ;  the  Cuscuteae ;  the  Podostema- 
ceae  and  Ceratophylleae  ' ;  and  lastly,  the  thorns  of  BalanUes  (Simarubaceae), 
when  they  are  aestitute  of  leaves. 

The  anatomical  features,  which  require  to  be  taken  into  special  con- 
sideration in  examining  the  vessels  of  the  secondary  wood  (briefly  styled 
'  vessels '  in  the  diagnoses  of  the  Orders)  with  a  view  to  their  employment 
for  systematic  purposes,  are  as  foUows.  In  the  first  place  it  is  necessary  to 
notice  the  mode  of  arrangement  and  the  width  of  the  vessels.  The  latter 
are  either  isolated  or  lie  in  radial  or  tangential  groups  comprising  two  or  more 


^  See  R.  Hartig,  Unterscheidangsmerkmale  der  wichtigeren,  in  Dentschlaod  wadisenden  Hober , 
Miinchen  (itt  edit,  1878,  &c.) ;  Nordlinger.  Qaenchnitte  i-zi,  1853-88  (indnding^  also 
seGtiom  of  the  wood  of  exotic  plants) ;  and  other  authors. 

*  See  Caspary,  in  Monatsber.  Berliner  Akad.,  1863,  p.  448  et  seq. 
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vessels.  The  width  of  the  lumina  of  the  vessels  varies  greatly,  being  very 
considerable,  especially  in  lianes,  but  small  in  species  having  an  cricoid  habit, 
and  altogether  in  plants  inhabiting  dry  localities.  For  taxonomic  purposes 
it  is  impcflrtant  to  know  the  *  medium  diameter '  and  the  '  maximum  diameter.* 
The  abtmdance  of  the  vessels  is  likewise  a  very  variable  feature.  The  diverse 
appearance  of  the  annual  rings  \  especially  in  the  woody  plants  of  our  zones, 
is  related  to  the  structural  differences  just  mentioned.  AU  these  features  are 
epharmonic,  and  therefore  in  most  cases  merely  constitute  sp^ific  characters, 
and  it  is  only  when  all  the  species  of  a  certain  ^oup  live  under  identical  con- 
ditions that  they  are  characteristic  of  more  extensive  taxonomic  groups, — ^in  some 
cases  even  of  Otders.  The  systematic  emplojrment  of  these  features  is  rendered 
difficult  by  the  fact  that  they  are  occasionally  developed  in  a  characteristic 
manner  only  in  the  later  growth  of  the  wood,  so  that  it  is  impossible  to  obtain 
an  adequate  knowledge  of  them  from  an  investigation  of  the  branches  of 
herbarium-material.  For  the  purpose  of  distinguishing  betwe^i  the  wood 
from  the  trunk  of  different  trees  they  have  been  in  practical  use  for  a  long 
time  (cf.  §  42). 

Other  characters,  to  be  noticed  in  the  course  of  an  examination  of  the 
transverse  section  of  a  branch,  are  the  round  or  angular  outline  of  the  vessels 
and  the  thickness  of  their  walls.  The  plugging  of  the  vessels  of  the  heart- 
wood  with  resinous  or  gummy  substances  is  a  widely  distributed  phenomenon, 
but  is  occasionally  found  also  m  the  wood  of  perfectly  young  branches,  especially 
in  such  plants  as  have  secretory  organs  in  the  ground  tissue ;  regarding  plugs 
of  siUca  or  carbonate  of  lime,  see  §§  26  and  27  (p.  mi).  I^tails  are  at 
present  wanting  as  to  the  systematic  value  of  tyloses  \  but  the  latter  appear 
to  occur  only  in  certain  species. 

A  further  character  to  be  kept  in  view  is  the  type  of  perforation  ('  Gef ass- 
durchbrechung  ')^,  found  on  the  division-walls  between  the  se^ents  of  the 
vessels ;  these  perforations  are  either  simple  or  scalariform.  Simple  perfora- 
tions are  found  both  on  horizontal  and  on  more  or  less  strongly  indLned  division- 
walls,  their  outline  being  circular  on  the  horizontal  walls,  and  varying  from 
circular  to  eUiptical  (occasionally  even  elongated-elliptical)  on  the  inclined 
waUs.  Scalariform  perorations  are  in  most  cases  met  with  only  on  strongly 
inclined  division-waUs ;  the  bars,  which  vary  in  number  (few  or  very  many 
bars)  and  thickness,  are  generally  placed  transversely  to  the  longitudinal  axis 
of  the  vessel,  while  the  outline  of  the  perforation  is  for  the  most  part  eUiptical 
(the  ellipse  occasionally  being  drawn  out  to  a  very  considerable  extent).  Special 
forms  ot  scalariform  perforations  (which,  we  may  notice  at  once,  are  not  of  any 
great  systematic  interest  and  generally  occur  m  the  same  piece  of  wood  side 
by  side  with  one  of  the  two  chief  types  of  perforations)  are  as  follows  :  (a)  per- 
forations, in  which  the  two  halves  of  the  bars  (i.e.  those  parts  of  the  bars,  which 
belong  to  the  adjoining  end-walls  of  two  contiguous  segments  of  the  vessel) 
are  shifted  parallel  to  one  another  or  intersect  one  another  (in  certain  Com- 
positae) ;  (6)  perforations,  in  which  the  bars  are  arranged  obUqudy  or  parallel 
to  the  longitudinal  axis  of  the  perforation ;  (c)  malformed  scalariform  perfora- 
tions, in  which  only  a  small  number  of  bars  or  only  imperfectly  differentiated 
bars  are  present ;  (d)  perforations,  in  which  the  bars  form  an  elegant  network 
as  the  result  of  anastomosis  (in  certain  &)mpositae,  Rosaceae,  Nyctagineae) ; 
(e)  the  peculiar  perforations  of  certain  species  of  Epacris  (Fig.  112,  p.  493) ; 

^  Unprnng,  Anat.  a.  Jabresringbild.  trop.  Holzarten,  Diss.,  Basel,  1900,  83  pp. ;  MoU  and 
Janssonins,  Mikrographie  d.  Holzes,  Heft  i,  Leiden,  1906. 

«  Cf.  De  Bary,  VergL  Anat,  1877,  p.  179. 

•  See  Tangl,  Perforationen  an  Pflanzengel,  Sitz.-Ber.  Wiener  Akad.,  Ixiii,  Abt.  i,  1871,  la  pp. 
and  Tab.,  and  Ixvii,  Abt.  i,  1873,  14  pp.  and  Tab. ;  Solereder,  (^bcr  den  syst.  u.  phylogenet  Wert 
der  Gefandorchbiech.,  Bot.  Centralbl.,  1888,  i,  pp.  315-19. 
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(/)  perforations,  in  which  the  division-walls  of  the  vessels  are  traversed  by 
rather  a  large  number  of  circular  or  elliptical  holes  of  varjing  size  ('  foraminate 
{^orations ')  (in  Myrothamnus  and  certain  Dilleniaceae,  Ericaceae  and  Vac- 
dniaceae.  Fig.  109,  p.  479) ;  (g)  lastiy,  the  combinations  of  simple  and  scalari- 
form  perforations,  which  have  been  observed  in  certain  Begonias  (Fig.  89, 
p.  405)  and  Quillaja  (Rosaceae).  As  a  rule  the  mode  of  origin  of  the  perforatcKl 
areas  on  the  division-walls  (either  from  simple  pits  or  from  bordered  pits  of 
large  size)  is  of  no  great  systematic  value,  since  their  development  often  varies 
in  one  and  the  same  longitudinal  section  K 

In  a  given  species  the  perforations  of  the  vesseb  are  either  exclusively 
simple  or  exdusivelv  scalanform,  or  both  simple  and  scalariform.  In  th^ 
latter  case  the  two  kinds  of  perforations  either  occur  side  by  side  with  one 
another  in  the  vessels  of  the  secondary  ¥rood  (occasionally  we  even  find  a 
simple  perforation  at  one  end,  and  a  scalariform  perforation  at  the  other  aid 
of  the  same  se^ent),  or  the  scalariform  perforations  are  confined  to  the  primary 
wood  and  its  mmiediate  neighbourhood.  When  simple  perforations  are  found 
in  the  same  plant  side  by  side  with  those  of  the  scalariform  tvpe,  the  outline 
of  the  former  is  more  conunonly  elliptical  than  circular,  and  in  some  cases 
even  elongated-eUiptical. 

The  presence  or  absence  of  scalariform  perforations  has  mostly  proved 
to  be  of  value  for  the  diagnosis  of  extensive  taxonomic  groups  (Orders,  tribes, 
genera).  Certain  groups  have  only  simple  or  only  scalariform  perforations  in 
the  vessels,  while  others  show  a  tendency  to  form  scalariform  perforations ; 
this  tendency  betrays  itself  in  the  fact  that  different  genera  or  different  species 
of  the  same  genus  may  in  one  case  have  exclusively  scalariform  perforaticms, 
and  in  another  case  both  simple  and  scalariform  perforations,  although  the 
perforations  are  never  exclusively  simple  (scalariform  perforations  occurring 
at  least  in  or  near  the  primary  wood,  even  if  they  are  wanting  in  the  secondary 
wood).  Simple  perforations  are  more  widely  distributed  than  those  of  tli^ 
scalariform  type.  The  constant  occurrence  of  scalariform  perforations  in  all 
the  members  of  an  Order  is  a  rare  phenomenon,  found  only  in  a  very  limited 
number  of  Orders,  which  are  all  of  small  size. 

It  remains  to  mention  the  striking  fact  that  the  occurrence  of  scalariform 
perforations  in  the  vessels  often  goes  hand  in  hand  with  small  lumina  in  the 
vessels  and  the  presence  of  bordered  pits  on  the  wood-prosenchyma. 

Exduaively  simple  perforations  are  found  in  the  same  species  in :  Ranuncu- 
laceae  pro  parte,  Qdycanthaceae,  Lactoridaceae,  Anonaceae,  Menispermaceae, 
Berberideae  pro  parte,  Papaveraceae,  Crudferae,  Capparideae,  Resedaceae,  Cistineae, 
Violarieae  pro  parte,  Bixineae  pro  parte,  Pittosporeae,  Tremandreae  pro  parte, 
Polygaleae,Vochysiaceae,  Frankeniaceae,  Caryophylleae,Portalaceae,Tamariscineae 
pro  parte,  Elatineae,  Hyperidneae,  Guttiferae,  Temstroemiaceae  pro  parte,  Diptero- 
carpeae,  Ancistrocladus,  Chlaenaceae,  Malvaceae,  Triplochitonaceae,  Stercnliaceae 
pro  parte,  Tiliaceae  pro  parte,  Lineae  pro  parte,  Malpighiaceae,  ZygophyUeae, 
Geraniaceae,  Rutaceae  pro  parte,  Simarubaceae  pro  paite,  Koeberlinta^  Bakmites^ 
Borseraceae,  Meliaceae,  Chauletiaceae  pro  parte,  Olacmeae  pro  parte,  Celastrineae 
pro  parte,  Hippocrateaceae  pro  parte,  Corynocarpaceae,  Stackhousieae,  Rhamneae 
pro  parte,  Ampelidaceae  pro  parte,  Sapindaceae  (almost  always),  Didieieae,  Hippo- 
castanaceae  pro  parte,  Aceraceae,  Melianthaceae,  Anacardiaceae  pro  parte,  Corianeae, 
Moringeae,  Connaraceae,  Papilionaceae,  Caesalpinieae,  Mimoseae,  Chrysobalaneae, 
Crassmaceae,  Droseraceae  pro  parte,  Halorageae,  Combretaceae,  M3rrtaceae  sens, 
str.  pro  parte,  Lec3rthidaceae,  Melastomaceae,  Lythrarieae,  Onagrarieae  jpro  parte, 
Samydaceae  pro  parte,  Loaseae,  Passifioraceae  pro  parte,  Papayaceae,  Cucurbita- 
ceae,  Datisceae,  Cacteae,  Ficoideae,  Umbellif  erae  pro  parte,  Araliaceae  pro  parte, 
Carlemannia  (Caprifoliaceae),  Rubiaceae  pro  parte,  Calycereae,  Compositae  |xo 
parte,  CandoUeaceae,  Goodeniaceae,  Lobeliaceae,  Ericaceae  pro  parte  ?,  £pacrideae 


*  See  Solcreder,  Holzstniktiir,  1885,  P*  I5* 
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pro  parte  ?,  Lennoaceae,  Plumbagineae,  Primulaceae,  Myrsineae  pro  parte,  Sapota* 
ceae  pro  parte,  Ebenaceae,  Styraceae  pro  parte,  Oleaceae  pro  parte,  Salvadoraceae» 
Apotynaceae,  Asclepiadeae,  Loganiaceae  pro  parte,  Gentianeae  pro  parte,  Pole- 
moniaceae  pro  parte,  Hydrophyllaceae,  Boragineae,  Convolvulaceae,  Solanaceae, 
Retzia^  Scrophmarineae,  Orobanchaceae,  Gesneraceae,  Bignoniaceae,  PedaHneae, 
Acanthaceae,  Myoporineae,  Selapineae,  Verbenaceae  pro  pa^rte,  Labiatae  pro  psurte, 
Plantagineae,  Nyctagineae  (division-walls  very  rarely  perforated  in  a  reticulate 
manner),  lUecebraceae,  Amarantaceae,  Chenopodiaceae  pro  parte  (almost  always), 
Basellaceae,  Phytolaccaceae,  Batideae,  Polygonaceae,  Nepenthaceae,  Cytinaceae, 
Aristolochiaceae,  Piperaceae  pro  parte,  Laurineae  pro  parte,  Hemandiaceae  pro 
parte,  Proteaceae,  Tnymelaeaceae,  Gonystylus^  Penaeaceae,  Elaeagnaceae,  Loranthar 
ceae,  Santalaceae,  Myzodendron,  Champeteia^  Balanophoreae  ?,  £uphorbiaceae  pro 
parte,  Bnxaceae  pro  parte,  Ulmaceae  pro  parte,  Cannabineae,  Moraceae,  Urticeae, 
Leitnerieae,  Juglandeae  pro  parte,  Saucineae. 

Exclusively  scalariform  perforations  are  found  in  the  same  species  in :  Ranun- 
culaceae  pro  parte,  Dilleniaceae  pro  parte,  Magnoliaceae  pro  parte,  Trochoden^ 
draceae  pro  parte,  Violarieae  pro  parte,  Canellaceae,  Bixineae  pro  parte,  Temstroe- 
miaceaepro  parte,  Rhaptopetalaceae,  Humiriaceae,  Oladneae  pro  parte,  Scyiopetalump 
nidneae,  Cyrilleae,  Celastrineae  pro  parte,  Staphyleaceae  pro  parte,  Saxifragaceae 
pro  parte,  Penthorum,  Droseraceae  pro  parte,  Hamamelideae,  Myfothamnus^  Ostrearia, 
Bmniaceae,  Rhizophoraceae  pro  plarte  (Rhizophoreae),  Mjrrtaceae  pro  parte,  Samy- 
daceae  pro  parte,  Passifloraceae  pro  parte,  Comaceae  pro  parte,  Caprufoliaceae  pro 
parte,  Inpsaceae  pro  parte  ?,  Vacciniaceae  pro  parte,  Ericaceae  pro  psurte,  Epacrideae 
pro  parte,  Myrsineae  pro  parte,  Brachynema,  Styraceae  pro  parte,  Desfontainea, 
Columelliaceae,  Piperaceae  pro  parte,  Chloranthaceae,  Mommiaceae  pro  parte, 
Laurineae  pro  parte,  Gomortegaceae,  Getssoloma,  Grubbia,  Euphorbiaceae  pro 
parte,  Daphniphyllaceae,  Buxaceae  pro  parte,  Balanopseae,  M3rricaceae  pro  parte, 
Cupuliferae  pro  parte,  Lacistemaceae,  Empetraceae  pro  parte. 

Simple  and  scalariform  perforations  are  found  side  by  side  in  the  same  species 
in :  Dilleniaceae  pro  parte,  Magnoliaceae  pro  parte,  Trochooendraceae  pro  parte,  Ber- 
berideae  pro  parte,  \^olarieae  pro  parte,  Bixineae  pro  parte,  Tremandreae  pro  parte, 
Tamariscmeae  pro  parte,  Temstroemiaceae  pro  parte,  Sterculiaceae  pro  parte, 
Tiliaceae  pro  parte,  Lineae  pro  parte,  Rutaceae  pro  parte,  Ochnaceae,  Simarubaceae 
pro  parte,  Chailletiaceae  pro  parte,  Olacineae  pro  parte,  Celastrineae  pro  parte, 
Hippocrateaceae  pro  parte,  Rhamneae  pro  parte,  Ampelidaceae  pro  parte,  Sapin- 
daceae  pro  parte,  Hippocastanaceae  pro  parte,  Staphyleaceae  pro  parte,  Sabiaceae, 
Anacardiaceae  pro  parte,  Rosaceae  (excL  Chrysobalaneae),  Crossosomataceae, 
Saxifragaceae  pro  parte,  Rhizophoraceae  pro  parte  (Legnotideae),  Onagrarieae 
pro  parte,  Samydaceae  pro  parte,  Tumeraceae,  Passifloraceae  pro  parte,  Begonia- 
ceae,  Umbelliferae  oto  parte,  AraUaceae  pro  parte,  Comaceae  pro  parte,  Capri- 
foliaceae  pro  parte,  Kubiaceae  pro  parte,  Valerianeae,  Dipsaceae  pro  parte,  Compo- 
sitae  pro  parte,  Campanulaceae,  V  acdniaceae  pro  parte,  Ericaceae  pro  parte, 
Epacndeae  pro  parte,  Diapensiaceae,  Myrsineae  pro  parte,  Sapotaceae  pro  parte, 
Oleaceae  pro  parte,  Logamaceae  pro  parte,  Gentianeae  pro  parte,  Polemomaceae 
pro  parte,  Verbenaceae  pro  parte,  Labiatae  pro  parte,  Cnenopodiaceae  pro  parte, 
Piperaceae  pro  parte,  Myristicaceae,  Monimiaceae  pro  parte,  Laurineae  pro  parte, 
Hemandiaceae  pro  parte,  Euphorbiaceae  pro  parte,  Ulmaceae  pro  parte,  Platana- 
ceae,  Juglandeae  pro  parte,  Myricaceae  pro  parte,  Casuarineae,  Cupuliferae  pro 
parte,  Empetraceae  pro  parte. 

As  r^ards  the  structure  of  the  wails  of  the  vessels  the  following  features 
are  chiefly  to  be  taken  into  consideration  :  the  occurrence  of  spiral  thickening 
on  the  walls  of  the  pitted  vessels  of  the  secondary  wood ;  the  size  and  nature 
(outline  of  the  border  and  of  the  aperture  of  the  pit)  of  the  bordered  pits  (occa- 
sionally scalariform  bordered  pits),  found  on  the  walls  of  contact  between 
two  vessels ;  the  occurrence  of  a  '  sieve-like '  structure  (first  demonstrated 
by  Bengt  Jonsson  ^)  on  the  pit-membranes  of  the  bordered  pits  of  the  vessels  ; 
lastly,  file  varying  structure  of  the  walls  of  the  vessels  in  contact  with  paren- 
chjmia  of  the  medullary  rays  or  with  wood-parench5mia.    These  walls  are 


'.  Ber.  dentsch.  bot  Gescllsch.,  1893,  p.  494,  and  Tab.  xx/ii ;  see  also  Heiden,  in  Bot  Centralbl., 
1893,  iv,  p.  3. 
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occupied  (a)  either  by  one-sided  bordered  pits,  one  or  more  of  which  correspood 
to  ku:£e  one-sided  simple  pits  on  the  adjoining  parenchyma-wall,  or  (ft)  by 
(Hie-sided  simple  pits  of  varying  size,  which  correspond  to  pits  of  equal  dimai- 
sions  on  the  wall  of  the  adjoinmg  parenchyma-cell ;  in  the  latter  case  transi- 
tional forms  to  distinct  one-sided  bordered  pits  frequently  occur  side  by  side 
with  the  simple  ones.  The  systematic  value  of  these  features  varies  and 
requires  to  be  tested  in  each  individual  case ;  the  most  valuable  characters 
are  afforded  by  the  structure  of  the  walls  of  the  vessels  in  contact  with  paren- 
ch3mia,  which  is  occasionally  constant  throughout  all  the  members  of  an  Order 
(Burseraceae,  Hamamelideae). 

Spiralttdckeningof  the  wans  of  the  vessels  is  generally  onlyaspecific  character, 
and  has  been  observed  in  the  following  Orders :  Kanunculaceae,  Cal3rcanthaceae, 
Magnoliaceae,  Trochodendraceae,  Berberideae,  Papaveraceae,  Cruciferae,  Cappan- 
deae,  Bixineae,  Pittosporeae  (universally  ?),  Tremandreae,  Polygaleae,  Portulaceae, 
Temstroemiaceae,  Malvaceae,  Stercuhaceae,  Tiliaceae,  Lineae,  Malmghiaceae, 
Geraniaceae,  Rutaceae,  Meliaceae,  Olacineae,  Ilidneae,  Celastrineae,  Rhamneae, 
Sapindaceae,  Htppocastanaceae,  Aceraceae,  Melianthaceae,  Staphyleaceae,  Ana- 
cardiaceae,  Papilionaceae,  Caesalpinieae,  Rosaceae,  Droseraceae,  Hamamelideae 
(only  on  the  ends  of  the  segments  of  the  vessels),  Samydaceae,  Ficoideae,  AraHa- 
ceae,  Comaceae,  Caprifoliaceae,  Rubiaceae,  Compositae,  Vacdniaceae,  Ericaceae, 
Epacrideae,  Myrsineae,  Oleaceae,  Apocynaceae,  Loganiaceae,  Boragineae,  Solana- 
ceae,  Scrophularineae,  Bignoniaceae,  Myoporineae,  Selagineae,  Verbenaceae, 
Labiatae,  lUecebraceae,  Chenopodiaceae,  Phytolaccaceae,  Pdygonaceae,  Aristolo- 
chiaceae,  Monimiaceae,  Launneae,  Proteaceae,  Thymelaeaceae,  Loranthaceae, 
8antalaceae,  Buxaceae,  Ulmaceae,  Moraceae,  Juglandeae,  Casuarineae,  Cupuliferae. 
Species,  in  which  the  walls  of  the  vessels  show  spiral  thickening,  generally  have 
spirally  thickened  trachddes  as  well.  For  the  occurrence  of  special  spiiaQy 
thickened  vessels  or  cells  in  the  wood,  see  §  47  (p.  1145). 

Scalsrilbrm  bordered  pits  have  been  observed  on  the  vessels  of  the  secondary 
wood  in  certain  Magnoliaceae,  Violarieae,  Ilidneae,  Ampelidaceae,  Bniniaceae, 
Rhizophoraceae,  Begoniaceae,  Apocynaceae,  Piperaceae,  Monimiaceae,  Eupbcv- 
biaceae,  Cupuliferae  and  in  Myzodendron,  The  simple  pitting  of  the  walls  ot  tiie 
vessels  in  the  Papayaceae  and  Crassulaceae  is  due  to  their  bdng  embedded  in 
unlignified  tissue  (see  {  47,  p.  1 144). 

Sieve-like  structure  of  the  pit-membranes  in  the  bordered  pits  of  the  vessels 
has  been  recorded  in  the  following  Orders :  Vochysiaceae,  Guttiferae,  Rhamneae, 
Hippocastanaceae,  Papilionaceae,  Caesalpinieae,  Mimoseae,  Amygdaleae,  Combieta- 
ceae,  Myrtaceae,  Melastomaceae,  Onagrarieae,  Araliaceae,  Compositae,  Asclepiadeae, 
Oleaceae,  Scrophularineae,  Cupulilerae. 

The  occurrence  of  simple  and  occasionally  large  pits  on  the  walls  of  the 
vessels  in  contact  with  parenchyma  (sometimes  side  by  side  with  bordered  pits) 
has  been  recorded  in  the  following  Orders  and  genera  respectively :  Calycanthaceae, 
Magnoliaceae,  Trochodendraceae  pro  parte,  Violarieae,  Bixineae  pro  parte,  Tre- 
mandreae,  Vochysiaceae  pro  parte,  Tamarisdneae  pro  parte,  Hypendneae  pro 
parte,  Guttiferae  pro  parte,  Temstroemiaceae  pro  parte,  Dipterocarpeae,  Chlaena- 
ceae,  Malvaceae  pro  parte,  Sterculiaceae  pro  parte,  Tiliaceae  pro  parte,  Lineae 
pro  parte,  Huminaceae  pro  parte,  Malpighiaceae  pro  parte,  Geraniaceae,  Rutaceae 
pro  parte,  Simarubaceae  pro  parte,  Burseraceae,  Olacineae  pro  parte,  Rhamneae 
pro  parte,  Ampelidaceae,  Hippocastanaceae,  Staphyleaceae  pro  parte,  Sabiaceae, 
Anacardiaceae,  Moringeae,  Connaraceae,  Papilionaceae  pro  parte  (rare),  Rosaceae 
pro  parte,  Saxifragaceae  pro  parte,  Hamamelideae,  Osirearia,  Rhizophoraceae 
mx>  parte,  Myrtaceae  pro  parte,  Mdastomaceae  pro  parte,  Lythrarieae  pro  parte, 
Onagrarieae,  Passifloraceae  pro  parte,  Datisceae,  Umbelliferae  pro  parte,  Araliaceae, 
Comaceae  pro  parte,  Vacdniaceae  pro  parte,  Myrsineae  pro  parte,  Sapotaceae, 
Brachymma,  Styraceae  pro  parte,  Apocynaceae  pro  parte,  Logimiaoeae  pro  parte, 
Convolvulaceae,  Solanaceae  pro  parte,  Gesneraceae  pro  parte,  IKgnoniaceae  pfo 
parte,  Acanthaceae  pro  parte,  Verbenaceae  pro  parte,  Labiatae  pro  parte,  Phytolac- 
caceae pro  parte,  Piperaceae,  M3rristicaceae,  Monimiaceae,  Laurineae,  Hemandia- 
ceae,  Gomortegaceae,  Geissolomaj  Santalaceae  pro  parte,  Grubhia^  Euohorbiaceae 
>ro  parte,  Balanopseae,  Moraceae  pro  parte,  Urticeae,  Leitnerieae,  juglandeae, 
-upuliferae  pro  parte,  Salicineae. 
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Bordered  pits  alone  have  been  observed  on  the  walls  of  contact  between  vessds 
and  |>arendi3nna  in  the  following  Orders  and  genera  respectively :  Trochodendra* 
ceae  pro  parte,  Anonaceae,  Memspermaceae,  Capparideae,  Canellaceae,  Bixineae 
pro  parte,  Pittosporeae,  Polygaleae,  Vochysiaceae  pro  psu^,  Tamariscineae  pro 
parte,  Elatineae,  Hyperidneae  pro  parte,  Guttiferae  pro  parte,  Temstroemiaceae 
pro  parte,  Ancisirocladus,  Malvaceae  pro  parte,  Trip»locmtonaceae,  Sterculiaceae  pro 
parte,  Tihaceae  pro  parte,  lineae  pro  parte,  Humiriaceae  pro  parte,  Malpighiaceae 
pro  parte,  Zygopnylleae,  Rutaceae  pro  parte  (in  most  cases),  Simambaceae  pro  parte 
(almost  always),  Koeberlinia,  Balanites,  Ochnaceae,  Meliaceae,  Olacineae  pro  parte* 
Ilidneae,  Cjrnlleae  ?,  Celastrineae,  Hippocrateaceae,  Rhanmeae  pro  parte,  Sapinda- 
ceae,  Aceraceae,  Mehanthaceae,  Staphyleaceae  pro  parte,  PapiUonaceae  pro  parte  (in 
most  cases),  Caesalpinieae,  Mimoseae,  Rosaceae  pro  parte,  Crossosomataceae,  Saxi- 
fraf;aceae  pro  parte,  Penthorum,  Droseraceae,  Myrothamnus,  Bnmiaceae,  Halorageae, 
Rhizophoraceae  pro  parte,  Combretaceae,  Myrtaceae  pro  parte,  Melastomaceae  pro 
parte,  Lythrarieae  pro  parte,  Samydaceae,  Loaseae,  Tumeraceae,  Passifloraceae  pro 
parte,  Umbelliferae  pro  parte,  Comaceae  pro  parte,  Rubiaceae,  Calycereae,  Com- 
positae,  Goodeniaceae,  Campanulaceae,  Lobeliaceae,  Vacciniaceae  pro  parte,  Erica- 
ceae, Epacrideae,  Myrsineae  pro  parte,  Ebenaceae,  Styraceae  pro  parte,  Oleaceaey 
Salvadoraceae,  Apocynaceae  pro  parte,  Asdepiadeae,  Ix>ganiaceae  pro  parte,  Des- 
fontainea,  Gentianeae,  HydrophyUaceae,  Solanaceae  p>ro  parte,  RetxiUt  Scrophula^ 
rineae,  Columelliaceae,  Gesneraceae  pro  parte,  Bignoniaceae  pro  parte,  Pedanneae, 
Acanthaceae  pro  parte,  Myoporineae,  Selanneae,  Verbenaceae  pro  parte,  Labiatae 
pro  parte,  Phytolaccaceae  pro  parte,  Batideae,  Polygonaceae,  Qiloranthaceae,  Pro- 
teaceae,  Thymelaeaceae,  Penaeaceae,  Elaeagnaceae,  Santalaceae  pro  parte,  Cham" 
pereia^  Euphorbiaceae  pro  parte,  DaphniphyUaceae,  Buxaceae,  Ulmaceae,  Moraceae 
pro  parte,  Myricaceae,  Casuaiineae,  CupuUferae  pro  parte,  Lacistemaceae  ?. 

§  44.  WooD-PROSENCHYMA.  The  most  valuable  systematic  feature, 
afforded  by  the  structure  of  the  wood-prosenchyma,  has  proved  to  be  the 
nature  of  the  pitting  of  the  prosenchymatous  ground-mass  ^  of  the  wood. 
The  presence  of  distinct  simple  pits  (i.e.  without  a  border)  or  of  distinct 
bordered  pits  (although  the  borders  are  sometimes  small)  on  the  wood- 
prosenchjrma  is  often  characteristic  of  entire  Orders,  tribes,  genera  or  generic 
sections ;  in  utilizing  these  features  it  is  necessary  to  neglect  the  occmrence 
of  small  numbers  of  fibrous  cells,  provided  with  bordered  pits  (i.e. '  tracheides  * 
which  are  transitional  to  the  vessels),  side  by  side  with  the  wood-prosenchyma 
bearing  simple  pits,  or  of  simple-pitted  fibrous  cells  side  by  side  with  the 
bordered-pitted  wood-prosench3mfia.  A  more  detailed  dassification  of  the  wood- 
prosenchjrma  (cf.  §  42,  p.  1135,  footnote  3)  is  not  of  much  value  in  systematic- 
anatomical  researches,  as  far  as  can  be  gathered  from  the  experience  hitherto 
obtained,  among  other  reasons  because  a  classification  of  this  kind  is  partly  based 
on  physiological  characters  (viz.  the  cell-contents),  so  that  it  is  impossible  to 
apply  it  with  the  requisite  precision,  when  using  herbarium-material.  Apart 
from  those  already  mentioned,  a  few  other  structural  features  of  the  wood- 
prosenchjrma  deserve  to  be  taken  into  consideration ;  the  most  important 
of  these  are  the  following :  the  varying  size  of  the  lumina  and  the  diverse 
thickness  of  the  walls ;  the  occurrence  of  thin  transverse  walls  in  the  wood- 
prosenchjrma  (septate  wood-prosenchyma),  a  feature  connected  with  the 
storage  of  starch  in  the  lumina  of  the  cells ;  the  presence  of  starch  in  fibrous 
cells,  which  are  not  septate ;  the  occurrence  of  a  so-called  gdatinous  layer, 
viz.  a  cartilaginous  thickening-layer  of  the  cell-wall,  consisting  of  hemicellulose 
and  occasionally  disappearing  in  the  course  of  the  metabomm  of  the  plant ; 
the  detailed  structure  and  abundance  of  the  pits  ;  the  length  of  the  cells  and 
their  mode  of  arrangement  in  a  transverse  section ;  the  appearance  of  the 
cells  in  transverse  section  (outline  and  size,  the  latter  occasionally  varying 


'  See  also  Gitgofty,  Pores  of  the  librif.  tissue,  BulL  Torrey  Bot.  Club,  New  York,  1887 ;  abtkr. 
in  Jbot.CentralbL,  1887,  iii,  p.  73. 
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in  one  and  the  same  section,  owing  to  the  fact  that  the  fibrous  cells  are  cut 
through  at  different  points  in  the  course  of  their  length),  &c. 

Although  the  distinction  between  wood-prosenchyma  bearing  bordered 
pits  and  that  bearing  simple  pits  is  so  simple  in  itself,  tiie  maintenance  of  thb 
distinction,  which  is  very  important  for  systematic  purposes,  becomes  very 
difficult,  when  the  borders  of  the  pits  are  very  small ;  for,  simple  slit-shaped 
pits  occasionally  appear  to  be  provided  with  a  small  border,  when  seen  in 
surface-view.  In  such  a  case  the  appearance  of  the  pit  in  transverse  section 
can  alone  decide  whether  the  pit  is  really  bordered  or  not. 

The  proaenehymatoos  groandinaas  of  the  wood  bean  simple  pits  in  the  fol- 
lowing Orders  and  genera  respectivehr :  Ranunculaceae,  Anonaceae,  Berbeddeae 
pro  parte,  Papaveraceae,  Cnioferae,  Capparideae,  Resedaceae,  Cistineae  pro  parte, 
Violarieae,  Bizineae  pro  parte,  Pittospoieae,  Tremandreae  pro  parte,  Vochysiaceae 
(excL  Trigoniaceae),   Frankeniaceae,   Caryophylleae,   Portulaceae,  Tamariscineae 

Ero  parte,  Hyperidneae  pro  parte,  Guttiferae  pro  parte,  Temstroemiaceae  pro  parte, 
dpterocstfpeae  pro  parte,  Malvaceae,  Triplochitonaceae,  Sterculiaceae  mo  parte, 
Tiuaceae,  Rhaptopetalaceae,  Lineae  pro  parte,  Malpighiaceae,  Geraniaceae,  Kutaceae, 
Simanibaceae  pro  ^irte  (almost  always),  Ochnaceae  pro  parte,  Burseraceae,  Meliaceae, 
Corynocarpaceae,  Khanmeae,  Ampelidaceae,  Sapindaceae,  Didiereae,  Hippocastana- 
ceae,  Aceraceae,  Melianthaceae,  Staphyleaceae  pro  parte,  Sabiaceae  pro  parte,  Anacar- 
diaceae,  Coriarieae,  Moringeae,  Connaraceae,  PapUionaceae,  Caesalpmieae,  Mimoeeae, 
Rosaceae  pro  parte  (rare),  Saxifragaceae  pro  parte,  Crassulaceae,  Halorageae, 
Rhizophoraceae  pro  parte  (tribe  Rhizophoreae),  Combretaceae  pro  parte  (in  most 
cases),  Lecythidaceae,  Melastomaceae  pro  parte,  Lythrarieae,  Onagrarieae,  Samy* 
daceae,  Loaseae  pro  parte,  Tumeraceae  pro  parte,  Fassifloraceae  pro  parte,  Cucur- 
bitaceae,  Begomaceae,  Datisceae,  Cacteae,  Ficoideae,  UmbeiUferae,  Araliaceae, 
Comaceae  pro  parte,  Caphfoliaceae  pro  parte,  Rubiaceae  pro  parte,  Valerianeaer 
Dipsaceae  pro  parte,  C^ycereae,  Compositae,  Lobeliaceae,  Diapensiaceae  pro  parte, 
Plumbagineae,  Myrsineae,  Sapotaceae,  Oleaceae  pro  parte,  Salvadoraceae,  Apocyna- 
ceae  pro  parte,  Asdepiadeae  pro  parte,  Loganiaceae  pro  psurte,  Gentianeae  pro  parte, 
Polemomaceae,  Borsq^eae  pro  parte,  Solanaceaepro  -psSrte,  Reixia,  Scrophulanneae, 
Orobanchaceae,  Gesneraceae,  Bignoniaceae,  Pedauneae,  Acanthaceae,  Biyoporineae, 
Zantbiana,  Selagineae  pro  parte,  verbenaceae,  Labiatae,  Plantagineae,  Nyctagineae, 
lUecebraceae  pro  parte  (rare),  Amarantaceae,  Chenopodiaceae,  Phytolaccaceae  pro 
parte,  Polygonaceae,  Hperaceae,  Chloranthaceae  pro  parte,  Myiisticaceae,  Monimia- 
ceae  pro  parte,  Laurineae,  Hemandiaceae,  Thymelaeaceae  pro  parte  (rare),  Lorantha- 
ceae  pro  parte,  Myzodendron  (short  pro6enda3rma  resembung  rod-cells),  Euphcnrfaia- 
ceae  pro  parte,  Balanopseae  pro  parte,  Ulmaceae  pro  parte,  Cannabineae,  Moraceae» 
Urticeae,  Leitnerieae,  j  uglandeae  pro  parte,  Cupuliferae  pro  parte,  Salicineae. 

In  the  ensuing  list  of  Orders  and  genera,  the  prosendiymatoos  grotrnd-maaB 
of  the  wood  is  provided  with  distinct  bordered  pits :  Dilleniaceae,  Calycanthaceae, 
Magnoliaceae,  Trochodendraceae,  Lactoridaceae,  EupomoHa^  Memspennaceae, 
Berberideae  pro  parte,  Cistineae  pro  parte,  CaneUaceae,  Bixineae  pro  parte,  Tre- 
mandreae pro  parte,  Polygaleae,  Trigoniaceae,  Tamariscineae  pro  parte,  Elatineae, 
Hyperidneae  pro  parte,  Guttiferae  pro  parte,  Temstroemiaceae  pro  parte,  Diptero- 
carpeae  pro  parte,  AncistrocladuSf  Chlaenaceae,  Sterculiaceae  pro  parte,  Lineae 
pro  parte,  Humiriaceae,  Zygophylleae,  Simarubaceae  pro  parte,  KoeberlinU, 
Ochnaceae  pro  parte,  Chailletiaceae,  Oladneae,  Ilicineae,  Cynlleae,  Celastrineae 
(occasionally  side  by  side  with  prosenchyma  bearing  simple  pits),  Hippocratea- 
ceae,  Stackhousieae  (side  by  side  with  prosenchyma  bearing  simple  pits),  Staphy- 
leaceae pro  parte,  Sabiaceae  pro  parte,  Kosaceae  pro  parte  (in  most  cases),  Crossoso- 
mataceae,  Saxifragaceae  pro  parte,  Penthorum,  Droseraceae,  Hamamelideae, 
Myrothamnus,  Ostrearia,  Bruniaceae,  Rhizophoraceae  pro  parte  (Legnotideae), 
Combretaceae  pro  parte,  Myrtaceae  sens,  str.,  Melastomaceae  pro  parte,  Loaseae 
pro  parte,  Tumeraceae  pro  parte,  Passifioraceae  pro  parte,  Comaceae  pro  parte, 
Capnfoliaceae  pro  parte,  Ruoiaceae  pro  parte,  Dipsaceae  pro  parte,  Goodeniaceae, 
Csunpanulaceae,  Vacdniaceae  (side  by  side  with  prosench3rma  bearing  simple  pits), 
Ericaceae  (in  part  side  by  side  with  prosenchyma  bearing  simple  pits),  Epacrideae. 
Diapensiaceae  pro  parte,  Ebenaceae,  Brachynema,  St3rr^ceae,  Oleaceae  pro  parte, 
Apocynaceae  pro  parte,  Asdepiadeae  pro  parte,  Loganiaceae  pro  parte,  Desfon- 
iatnea,  Gentianeae  pro  parte,  Hydrophyllaceae,  Boragineae  pro  parte^  ConvolvulaoeaCr 
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Solanaceae  pro  parte,  Columelliaceae,  Selagineae  pro  parte,  lUecebraceae  (in  most 
cases),  Phytolaccaceae  ^  parte,  Batideae,  Nepentnaceae,  Aristolochiaceae,Chloraii- 
thaceae  pro  parte,  Monimiaceae  pro  parte,  Gomortegaceae,  Proteaceae,  Thymelaea- 
ceae  (in  most  cases),  Gonystylus^  Penaeaceae,  Geiss^oma^  Elaeagnaceae,  Lorantiia- 
ceae  pro  parte,  Santalaceae,  Champereia,  Grubhiap  Euphorbiaceae  pro  parte,  Daphni- 

5hyllaceae,  Buxaceae,  Balanops^  pro  parte,  Ulmaceae  pro  parte,  Platanaceae, 
uglandeae  pro  parte,  Myricaceae,  Casuarineae,  Cupuliferae  pro  parte  (in  most 
cases),  Ladstemaceae,  Empetraceae. 

Se^itate  wood-prosenchymahas  been  observed  incertainBerberideae,  Violarieae, 
Bixineae,  Pittosporeae,  Vochysiaceae,  Temstroemiaceae,  Dipterocarpeae,  Malvaceae^ 
Tiliaceae,  Lineae,  Malpighiaceae,  Geraniaceae,  Simarubaceae,  Burseraceae,  Melia- 
ceae,  Celastrineae,  Ampelidaceae,  Sapindaceae,  Staphyleaceae,  Sabiaceae,  Anacar- 
diaceae,  Connaraceae,  Papilionaceae,  Caesalpinieae,  Mimoseae,  Rosaceae,  Saxi- 
fragaceae,  Combretaceae,  Melastomaceae,  Lythrarieae,  Onagrarieae,  Samydaceae» 
Tumeraceae,  Passifloraceae,  Begoniaceae,  Cacteae,  Araliaceae,  Comaceae,  Capri- 
foliaceae,  Rubiaceae,  Compositae,  Lobeliaceae,  Vacciniaceae,  Myrsineae,  Oleaceae, 
Loganiaceae,  Polemoniaceae,  Solanaceae,  Scrophidarineae,  Gesneraceae,  ^gnonia* 
ceae,  Acanthaceae,  Zonibiana^  Verbenaceae,Labiatae,  Phytolaccaceae,  Potygonaceae, 
Piperaceae,  Chloranthaceae,  Myiisticaceae,  Monimiaceae,  Laurineae,  Euphorbia- 
ceae, Moraceae,  Cupuliferae,  Sahcineae. 

A  gelatinous  layer  has  been  recorded  in  certain  Calycanthaceae,  Violarieae, 
Bixineae,  Lineae,  Simarubaceae,  Hippocastanaceae,  Papiuonaceae,  Caesalpinieae, 
Mimoseae,  Rosaceae  (Amygdaleae),  Myrtaceae,  Onagrarieae,  Ebenaceae,  Laurineae, 
Piperaceae,  Proteaceae,  Euphorbiaceae,  Ulmaceae,  Moraceae,  Casuarineae,  Cupuli- 
ferae and  Salidneae ;  this  feature  is  often  found  only  in  a  sm^ll  number  of  the 
wood-fibres  composing  a  piece  of  wood  (cf.  also  De  Bary,  Vergl.  Anat.,  p.  497  ;  and 
Potter,  in  Annals  of  Bot.,  1904,  p.  121  et  seq.)* 

§  45.  Wood-parenchyma.  The  scanty  or  abundant  occurrence  of  wood- 
parenchjona  is  of  considerable  systematic  value,  sometimes  even  constituting 
an  ordinal  character ;  when  present  in  large  quantities,  the  wood-parenchyma 
generally  forms  tangential  bands  (known  as  the  '  metatracheal '  parenchyma 
in  contrast  to  the  paratracheal '  parenchyma,  aggregated  round  about  the 
vessels),  as  seen  in  a  transverse  section  of  the  branch.  For  the  purposes  of 
specific  diagnosis  it  is  also  well  to  take  note  of  the  occurrence  oi  scattered 
wood-parenchyma  between  the  wood-fibres  and  in  the  autumn-wood  of  species 
forming  annual  rings.  The  occurrence  of  '  chambered  crystal-parenchyma ' 
(i.e.  parenchvmatous  strands,  divided  by  means  of  transverse  walls  into 
chambers,  which  are  for  the  most  part  of  approximately  equal  size  and  contain 
solitary  crystals  ^)  in  the  wood  is  generally  only  of  specific  value. 

Abundant  development  of  the  wood-parench]rma  has  been  observed  in  the 
following  Orders  and  genera  respectively:  Dilleniaceae,  MagnoUaceae,  Anonaceae, 
Vochysiaceae,  Hyperidneae,  Guttiferae,  Dipterocarpeae,  Ancistrocladus^  C^hlaena- 
ceae,  Malvaceae,  Sterculiaceae,  TiUaceae,  Rhaptopetalaceae,  Lineae,  Mal^^hiaceae» 
Simarubaceae^  Balanites  \  Oladneae,  Celastrineae,  Sapindaceae,  Paphonaceae, 
Caesalpinieae,  Chrysobalaneae,  Combretaceae,  Lecythidaceae,  Rubiaceae,  Sapota- 
ceae,  Ebenaceae,  Eioragineae,  Verbenaceae,  Aristolochiaceae,  Laurineae,  Proteaceae, 
Thymelaeaceae,  Euphorbiaceae,  Moraceae,  Juglandeae,  Casuarineae,  Cupuliferae. 

§  46.  Medullary  Rays  of  the  Wood  ^.  The  most  important  systematic 
characters  are  the  appearance  of  the  medullary  ra)rs  in  a  tangential  section, 
and  the  breadth  of  the  Ta,ys ;  in  determining  the  latter  feature  it  is  necessary 
to  examine  both  transverse  and  tangential  sections.    The  varied  appearance 

^  Clustered  crystals  rarely  occur  in  the  wood-pareocbyma  (Guttiferae  :  Gara'tiui  dioiax,  Bl.)» 
while  raphides  have  been  observed  hi  this  tissue  in  members  of  the  Dilleniaceae  and  Temstroemiaceae. 

'  According  to  Van  Tieghem,  Ann.  sc.  nat.,  s^.  9,  t  iv,  1906. 

'  Essner,  iSagnost.  Wert  der  Anz.  u.  Hohe  d.  Markstr.  bei  d.  Coniferen,  Halle,  i88a ;  Schnlz, 
Markstrahlgewebe,  Tahrb.  Berliner  Gart,  ii,  1883,  p.  224  and  Tab.  vii;  Michael  Bau  d.  Holzes  der 
Compoiiten,  etc..  Diss.,  Leip«g>  1885 ;  Zache,  Anz.  u.  Gc  d.  Markstr.  bd  einig.  Laubh.,  Zeitschr. 
f.  Naturw.  f.  Sachsen  u.  Thiir.,  1886,  p.  i ;  Kny,  Markstr.  dioot^l.  Gew.,  Sitz.-Ber.  deutsch.  bot. 
Gesellsch.,  i8<)Oy  pu  176 ;  Herbst,  Blarkstr.,  Bot.  Centratb!.,  1894, 1,  p.  357  et  seq.,  especially  p.  409. 
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of  the  medcillary  rajrs  in  a  tangential  section  is  due  to  the  fact  that  the  com- 
ponent cells  either  show  pal^de-like  elongation  in  the  vertical  direction 
(upright  cells)  or  radial  elongation  (horizontsJ  cells),  the  rays  being  composed 
either  of  both  or  only  of  one  of  these  two  forms  of  cells.  The  degree  of  elonga- 
tion of  the  cells  in  the  vertical  or  radial  direction  varies.  It  is  very  rare 
(certain  Malvaceae  and  Passifloraceae)  to  find  medullary  raj^,  in  whK:h  the 
cells  are  compressed  in  the  radial  direction,  so  that  they  appear  strikingly 
broad  (in  the  tangential  direction)  in  a  transverse  section  of  the  branch,  but 
narrow  and  upright  in  a  radial  longitudinal  section.  Tracheidal  cells  TO^ovided 
with  bordered  pits  have  not  been  observed  in  the  medullary  rays  of  Dicot^e- 
dons,  bein^  confined  to  Conifers.  An  exceptional  development  in  the  height 
of  the  entu-e  complex  of  medullary  raj^  often  goes  hand  in  hand  with  the 
differentiation  of  broad  rays,  especially  among  lianes,  but  occasionally  also  in 
plants  which  are  not  lianes  (e.g.  Urticaceae).  For  the  systematic  value  of  the 
number  of  the  medullary  rays,  see  §  42,  p.  1136.  The  absence  of  meduUary  rays 
is  no  uncommon  feature  among  herbaceous  plants,  but  occurs  also  in  certain 
woody  plants.  In  the  latter  case  it  is  sometimes  only  rajrs  of  the  parenchy- 
matous type  that  are  wanting,  the  ceUs  of  the  medulkry  rays  being  differen- 
tiated as  short  fibrous  cells,  so  that  the  resulting  rays  are  not  very  prominent 
It  remains  to  mention  the  penetration  of  sclerosed  tissue,  belonging  to  the 
medullary  rays  of  the  cortex,  into  the  medullary  rays  of  the  wood  in  certain 
Menispermaceae,  Hippocrateaceae,  Platanaceae,  Casuarineae  and  CupuUferae; 
this  phenomenon  goes  hand  in  hand  with  a  sinuation  of  the  edge  of  the  cam- 
bium, the  convexities  of  which  are  directed  towards  the  pith. 

Broad  medullary  rays  have  been  observed  in  the  wood  in  certain  species  of 
the  following  Orders  and  genera  :  Ranunculaceae,  DiUeniaceae,  Magnoliaceae, 
^Menispermaceae,  ♦Berberideae,  Capparideae,  ♦Violaricae,  Portulaceae,  Temstroe- 
miaceae,  Malvaceae,  Sterculiaceae,  Tuiaceae,  Simarubaceae,  Koeberlinia^  BalaniteSt 
Chailletiaceae,  Uicineae,  *Hippocrateaceae,  Corynocarpaceae,  *Ampelidaceae,  Sabia- 
ceae,  Coriarieae,  Papilionaceae,  Caesalpinieae,  Kosaceae,  Saxifragaceae,  Rhizophora- 
ceae,  Passifloraceae,  Papayaceae,  *Cucurbitaceae,  *Begomaceae,  Araliaceae,  Compo- 
sitae,  Myrsineae,  Salvadoraceae,  Verbenaceae,  Labiatae,  Ph3rtolaccaceae,  Batideae, 
*Aristolochiaceae,*Piperaceae,  Chloranthaceae,  Monimiaceae,  Proteaceae,  Lorantha- 
ceae,  Ulmaceae,  Moraceae,  Urticeae,  Hatanaceae,  Casuarineae,  Cupnliferae.  Those 
Orders,  which  are  provided  with  a  *,  have  broad  primary  and  secondary  rays, 
traversing  the  entire  length  of  the  intemodes  in  the  form  of  continuous  plates 
and  dividing  up  the  xylem-mass  into  narrow  segments  (H.  Schenck's  '  ArisMochia" 
type'). 

The  absence  of  parenchymatous  medullary  rays  has  been  demonstrated  in 
certain  woody  species  belonging  to  the  following  Orders  and  genera :  Crudferae, 
Cistineae,  Frankeniaceae,  Ca^ophylleae,  Portulaceae,  Tamariscineae,  Geraniaceae, 
Stackhousieae,  Crassulaceae,  Ficoideae,  Compositae,  Epacrideae,  Diapensiaceae, 
Gentianeae,  Boragineae,  Scrophularineae,  Orobanchaceae,  Plantagineae  (secondary 
medullary  rays),  Nyctagineae,  Illecebraceae,  Amarantaceae,  Chenopodiaceae,  Phjrto- 
laccaceae,  Polygonaceae,  Laurineae  {Cassytha),  Myxoiendr<m  (Sect.  Gymncphyton). 
See  also  Schwendener,  Mech.  Prinzip,  p.  148  et  seq. 

§  47.  Special  Elements  found  in  the  Normally  Developed  Xylem- 
mass.  Unlignified  tissue  composed  of  thin-walled  cells  very  commonly 
accompanies  the  primary  tracheae  in  the  protoxylem  \  and  must  not  be  con- 
founded with  intraxylary  soft  bast  (see  §  57).  A  more  important  systematic 
feature  lies  in  the  occurrence  of  unlignified  tissue  in  the  secondary  xylem  of 


'  '  lotnutyUuyCamblfoTm*  according  to  RaimanD,  in  Sitz.-Ber.  Wiener  Akad.,  xcviii,  Abt  i ,  1889; 
'  primilres  Vasalparenchym  *  according  to  Strasbuiger,  Leitnngsb.,  1891 ;  'parenchyme  intzaligDeaz' 
according  to  Pnmet,  in  Ann.  sc  nat.,  s^r.  7,  t.  xiii,  1891,  p.  302;  '  endoxyle  *  or  <  r^on  endoxj^aire' 
according  to  Briquet,  in  Atti  Congresso  bot  intemaz.,  189a. 
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woody  plants.  In  certain  species  of  VeUa  and  Brassica  (Cruciferae,  Fig.  16, 
p.  65),  Acanihophyllum  (Caryophylleae)  and  Astragalus  (Papilionaceae)  it  is 
differentiated  (like  the  soft  bast  in  species  exhibiting  the  anomaly  known  as 
successive  zones  of  growth)  in  the  form  of  concentric  rings,  and  contains  numer- 
ous tracheae,  having  small  lumina  and  showing  spiral  to  reticulate  thickening. 
Similar  concentric  layers  of  unlignified  tissue,  which  surround  the  vessels  and 
alternate  with  prosenchymatous  layers  devoid  of  vessels,  are  developed  in 
certain  Crassulaceae ;  in  other  members  of  this  Order  the  unlignified  tissue 
enveloping  the  vessels  forms  islands,  which  occasionally  show  a  concentric 
arrangement  in  the  fibrous  ground-mass  of  the  wood  (in  which  no  vessels  are 
found),  or  composes  the  entire  tissue  of  the  xylem.  The  latter  tj^  of  structure 
is  characteristic  also  of  the  soft  stems  of  the  Papayaceae.  The  small  groups 
of  thin-walled  cells  in  the  wood  of  Olinia  (Lythrarieae)  include  crystsd-sacs. 
It  remains  to  make  special  mention  of  the  appearance  of  the  transverse  section 
through  the  wood  in  the  species  of  Myzodendfotiy  belonging  to  the  section 
Eumyzodendfon  (Fig.  178,  p.  735),  the  wood  in  these  species  showing  a  peculiar 
distribution  of  the  thin-v^ed  tissue,  the  tracheae,  and  the  wood-prosenchyma. 
Apart  from  the  cases  already  mentioned,  unlignified  tissue  has  been  obs^ed 
in  the  xylem  of  certain  woody  species  (which  exhibit  normal  structure),  belong- 
ing to  the  following  Oders :  Portulaceae,  Malpighiaceae,  Ampdidaceae, 
Papilionaceae,  Caesalpinieae,  Combretaceae,  Apocvnaceae,  Asclepiadeae,  Con- 
volvulaceae,  Phytolaccaceae,  Urticaceae ;  unhgnined  tissue  is  very  commonly 
developed  in  lianes,  showing  anomalous  structure.  Other  kinds  of  special 
elements,  which  have  been  observed  in  the  wood,  are :  the  short  prosenchy- 
matous cells  of  certain  Papilionaceae  (Fig.  60,  p.  275),  which  have  a  special 
shape,  and  are  provided  with  wide  lumina  and  sieve-like  end-walls ;  and  the 
special  barrel-  or  spindle-shaped  cells  of  certain  Cacteae  (Fig.  91,  p.  410), 
which  show  annular  thickenings  or  are  provided  with  a  spiral  band. 

For  the  rare  occurrence  of  secretory  receptacles  in  the  wood,  see  §  14 
(secretory  cells),  §  16  (mucilage-cavities),  §  17  (mucilage-canals)  and  §  19 
(secretory  canals). 

§  48.  Axial  Wood  and  Wood  showing  a  Tier-like  Structure.  Axial 
wood  (central  wood  or  ring  wood)  is  widely  distributed  in  lianes,  belonging 
to  a  large  number  of  different  Orders  ;  it  forms  the  innermost  annular  portion 
of  the  secondary  xylem,  and  contains  vessels,  which  only  have  small  lumina, 
so  that  it  is  distinctly  marked  off  from  the  later  growth  of  the  wood  (periaxial 
wood)  ^. 

A  xylem-mass,  showing  a  tier-like  structure,  has  been  recorded  by 
Hohnel*  and  other  authorities  in  certain  Malvaceae,  Stero^aceae,  ZygophyUeae, 
Simarubaceae,  Meliaceae,  Sapindaceae,  Papilionaceae,  Caesalpinieae,  Mimoseae, 
Kosaceae,  Combretaceae,  Ebenaceae,  and  Bignoniaceae ;  in  the  ZygophyUeae 
and  Caesalpinieae  it  is  of  almost  universal  occurrence.  In  the  wood  nrom  the 
stem  of  these  species  delicate  transverse  lines,  which  are  occasionally  somewhat 
undulated,  can  be  recognized  on  the  surface  of  a  tangential  section  even  with 
the  naked  eye  or  with  the  help  of  a  lens.  The  cause  of  this  phenomenon  is 
mostly  to  be  found  in  the  horizontal  seriation  of  the  medullary  rays,  which  are 
all  of  approximately  equal  height,  each  ray  arising  from  a  single  cell  of  the 
cambium.  In  other  cases  it  is  due  to  a  tier-Uke  arrangement  of  the  fibrous 
cells  of  the  wood  or  of  the  pitted  areas  on  these  elements,  or  both  of  these 
causes  may  be  combined  (for  details,  see  loc.  cit.). 


'  Cf.  H.  Schenck,  Anat.  d.  Lianen,  1893,  p.  3. 

*  Hohnd,  in  Sitz.-Ber.  Wiener  Akad.,  Ixxxix,  Abt  i,  1884,  P*  3<'»  ^^  Sit£.-Ber.  denttch.  bot 
Gesellscb.,  1884,  p.  a. 
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§  49.  Periderm  with  Special  Reference  to  the  Cork  \  In  employing 
the  characters  of  the  cork  loc  taxonomic  purposes  we  have  firstly  to  taJce  into 
consideration  the  place  of  origin  of  the  first  layer  of  cork,  and  secondly  the 
detailed  structure  of  the  cork-cells.  The  place  of  development  of  the  cork 
in  the  subaerial  parts  of  the  axis'  is  occasionally  (although  there  are  generally 
a  few  exceptions)  characteristic  of  entire  Orders  or  even  of  groups  of  Orders, 
while  in  other  cases  it  at  least  serves  to  distinguish  genera ;  tli^  cork  arises 
either  in  a  superficial  position  (i.e.  in  the  epidermis  or  in  the  subepidermal 
layer,  or  at  les^t  in  a  superficial  layer  of  the  primary  cortex)  or  in  the  interior 
(i.e.  in  a  deeper  cell-layer)  of  the  primary  cortex  or  in  the  paricvcle(when  primary 
haurd  bast  is  present,  on  its  inner  side).  When  the  cork  is  formed  in  a  super- 
ficial position,  its  exact  place  of  origin  (the  epidermal  or  subepidermal  layer 
of  cells,  the  subepidermal  layer  or  a  somewhat  deeper  layer  of  primary  cortical 
cells)  generally  varies  from  species  to  species ;  in  some  cases,  however,  the 
devdopment  of  the  cork  from  a  definite  layer  is  characteristic  of  the  genus 
(e.g.  in  SdUx  and  Populus,  see  also  the  Thymelaeaceae),  while  in  other  cases 
it  differs  even  in  different  specimens  of  one  and  the  same  species.  The  forma- 
tion of  the  cork  is  particularly  irregular  in  certain  species  of  the  PapiUonaceae, 
in  which  the  cork-cambium  may  develop  in  the  nrst  to  the  sixth  cell-layer 
of  the  primary  cortex.  A  further  irregularity  in  the  development  of  the  cork 
has  been  observed  in  certain  Menispermaceae  and  Convolvulaceae ;  here  the 
different  parts  of  the  ring  of  phellogen  arise  in  different  positions  along  the 
circumference  of  the  branch,  viz.  at  some  points  in  the  epidermis,  at  other 
points  in  a  deeper  cell-layer  of  the  primary  cortex,  and  so  on.  A  similar 
phenomenon  is  shown  by  many  plants  with  reduced  leaves  ^  where  it  allows 
of  the  retention  of  the  assimilatory  tissue  of  the  stem  for  a  considerable  length 
of  time.  It  remains  to  mention  the  occurrence  of  rings  of  cork  in  the  wood  of 
Sedum  populifolium,  and  in  the  pith  of  species  of  Campanula  and  Phyteuma  ^. 

Superficial  development  of  the  cork  has  been  observed  in  the  following  Orders 
and  genera  respectively:  Dilleniaceae  pro  parte,  Calycanthaceae,  Magnoliaceae, 
Trochodendraceae,  Anonaceae,  Menispermaceae  pro  parte,  Berberideae  pro  pa^rte, 
Capparideae  pro  parte,  CLstineaepro parte,  Canellaceae,  Budneae  pro  parte,  Fitto- 
sporeae  pro  parte,  Tremandreae,  Folygaleae,  Vochysiaceae  pro  parte,  Frankeniaceae, 
Caryophylleae  (rare),Tamariscineae  pro  parte,  HjrpericineaCjGuttif  erae,Temstroemia- 
ceae  pro  parte,  Strasburgeria,  Microsemma,  Dipterocarpeae,  Ancistrocladus  pro  parte, 
Lo^AtVa,  Malvaceae,  Sterculiaceae,  Tiliaceae,  Khaptopetalaceae,  lineae,  Humiriaceae, 
Malpighiaceae,  Zygophylleae  pro  parte,  Geraniaceae  pro  parte,  Rutaceae,  Simaru- 
baceae  (excL  Suriana)^  Ochnaceae,  Luxemburgiaceae,  WaUacea^  Buiseraceae,  Melia- 
ceae,  Chailletiaceae,  Olacineae,  Octocnemaceae,  IHdneae  pro  parte,  Celastrineae  pro 
parte,  Hippocrateaceae  pro  parte,  Pentaphylacaceae,  Coiynocarpaceae,  Rhanmeae, 
Ampelidaceae  pro  parte,  Sapindaceae  pro  parte  (almost  always),  Didiereae,  Hippo- 
castanaceae,  Aceraceae  pro  parte,  Staphyleaceae,  Sabiaceae,  Anacardiaceae,  Coria- 
rieae,  Connaraceae,  Papuionaceae  pro  parte,  Caesalpinieae,  Mimoseae,  Rosaceae  pro 
parte,  Saxifragaceae  pro  parte,  Crassulaceae,  Hamamelideae,  Bruniaceae,  Rhizophora- 

^  ^Sonio,  in  Pringsheim  Jahrb.,  ii,  i860,  p.  $p  et  leq. ;  De  Bary,  Vergl.  Anat.*,  1877,  pp.  114 
and  560  et  seq.;  Hohnel,  in  Sitc-Ber.  Wiener  Akad.,  Ixxvi,  AU.  i,  1877,  p.  507  et  seq.;  Ross, 
Periderma,  Malpifhia,  iii  and  iv,  sep.  copy,  1890,67  pp.;  Moller,  Rindenanat,  1882;  Dooliot, 
in  Ann.  ic.  nat.,  ser.  7,  t.  x,  1889  ;  J.  £.  Weiss,  in  Denkschr.  bayer.  hot  Gesellsch.,  Regensbarg,  ri, 
1890,  69  pp.,  I  Tab. ;  Segerstedt,  in  Bihang  Sv.  Vet.  Akad.  Handl.,  xix,  Afil.  iii,  n.  4,  86  pp^ 
3  Tab.,  abstr.  in  Bot.  Centralbl.,  1896,  i,  p.  154. 

'  "'  •  1  tiie  1 


*  We  maypoint  out  here  that  in  one  and  the  same  species  the  place  of  development  of  the  cork 
is  frequently  dirorent  in  the  subaerial  parts  of  the  axis  and  in  the  subterranean  organs  (rhizomes  and 
roots).  Not  uncommonly  the  cork  arises  superficially  in  the  subaerial  parts,  while  in  the  subterranean 
parts  its  development  is  pericyclic ;  the  latter  is  altogether  the  rule  in  roots. 

'  Ross,  in  Ber.  deutsch.  bot  G^ellsch.,  1886,  p.  36a,  and  in  Nuovo  Giom.  bot.  ItaL,  xxi,  1889: 
see  also  Ross,  Ass.  Gew.,  etc..  Diss.,  Freiburg  L  Br.,  1887. 

*  For  similar  formations  of  coik  in  the  root  of  species  of  Gypsophiia,  Thapsia^  RmmeXy 
Tragopoggn^  Sec.,  see  Maheu  et  Combes,  Formations  subi^ro-pheUodermiques  anormaies.  Boll.  Soc 
bot  de  France,  1907,  pp.  429-42. 
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ceae,  Combretaceae  pro  parte,  Myrtaceae  pro  parte,  Lecjrthidaceae,  Melastomaceae 
pro  parte,  Lythrarieae  (very  rare),  Tvafa,  Samydaceae, Tumeraceae,  Passifloraceae  pro 
parte,  Begoniaceae,  Cacteae,  Umbelliferae  pro  parte,  Araliaceae,  Comaceae,  Capri- 
loliaceae  pro  parte,  Rubiaceae  pro  parte,  Vaterianeae  pro  parte,  Eipsaceae  pro  ^^e» 
Compositae,  Goodeniaceae  pro  ps^,  Lobeliaceae,  Diapensiaceae  pro  parte,  Hum- 
bagineae,  Primtilaoeae  pro  parte,  Myrsineae,  Sapotaceae,  Ebenaceae  pro  parte, 
Styraceae  pro  parte,  Oleaceae  pro  parte,  Salvadoraceae,  Apoc3maceae,  Ascle- 
piadeae,  Loganiaceae  pro  parte  (Loganioideae,  Polypremutn  and  Peltanthera)^ 
Hydrophyllaceae,  Boragineae  pro  parte,  Convolvulaceae,  Nolaneae,  Solanaceae  pro 
porte,  di^ophulaiiiieae  pro  parte,  Gesneraceae  pro  parte,  Bignoniaceae  pro  parte, 
PedaHneae,  Acanthaceae  pro  parte,  Myoporineae,  Zombiana,  Selagineae  pro  parte, 
Verbenaceae  pro  parte,  Liabiatae  pro  parte,  Plantagineae  pro  paurte,  Nyctagineae 
pro  parte,  luecebraceae  pro  parte,  Amarantaceae,  Chenopodiaceae  pro  parte, 
BaseUaceae,  Phytolaccaceae,  Pol>[gonaceae  pro  parte,  Aristolochiaceae,  Piperaceae, 
Myristicaceae,  Monimiaceae,  Lanrineae,  Hemandiaceae,  Proteaceae,  Thymelaeaceae, 
OctolepiSt  (ronystylus,  Geissoloma,  Elaeagnaceae,  Loranthaceae,  Saintalaceae,  MyxO' 
dendroHf  Champereiat  Grubbia,  Euphorbiaceae  pro  parte,  Buxaceae  pro  parte, 
Balanopseae,  Ulmaceae,  Moraceae,  Urticeae  pro  parte,  Platanaceae,  Leitnerieae, 
Juglandeae,  Myricaceae,  Cupuliferae,  Salicineae,  Lacistemaceae. 

Internal  development  of  the  cork,  i.e.,  from  a  deeper  layer  of  cells,  which  is  still, 
however,  situated  in  the  iniinary  cortex,  is  found  in  the  followingOrders  and  genera  t 
Dilleniaceae  pro  parte,  Alenispermaceae  pro  parte,  Berberideae  pro  parte,  Cruciferae 
pro  parte,  Cappandeae  pro  parte,  Cistineae  pro  parte,  Bixineae  pro  parte,  PLttosporeae 
pro  parte,  Vochysiaceae  pro  parte,  Tamarisdneae  pro  parte,  Temstroemiaceae  pro 
V^LrtefAncistrocladus  pro  parte,  Gcuraniaceae  (Tropaeolum)^  Suriana  (Simarubaceae), 
llicineae  pro  parte,  Cyrilleae  (pericycUc  ?),  Celastrineae  pro  parte,  Hippocrateaceae 
pro  parte,  Aceraceae  pro  parte,  AieHanthaceae,  Papihonaceae  pro  parte,  Kosaceae  pro 
parte,  Ccnnbretaceae  pro  parte  ?,  Myrtaceae  pro  parte,  Lythrarieae  pro  parte,  Passi- 
floraceae pro  parte,  Cucurbitaceae,  Ficoideae,  Kubiaceae  pro  parte,  Oleaceae  pro 
parte,  Desfontainea,  Gentianeae  (pericycUc  ?),  Polemoniaceae  pro  parte  ?,  Bora- 
gineae pro  parte,  ^gnoniaceae  pro  parte,  Verbenaceae  pro  parte,  Labiatae  pro  parte, 
Plantagineae  pro  pa^,  Nycta^jieae  pro  parte,  Chenopodiaceae  pro  parte,  Euphor- 
biaceae pro  parte,  Urticeae  pro  parte. 

PericycUc  development  of  the  cork  has  been  observed  in:  Ranunculaceae, 
Dilleniaceae  pro  parte,  Berberideae  pro  parte,  Cruciferae  pro  parte,  Cistineae  pro 
parte,  Bixineae  pro  parte,  Pittosporeae  pro  parte,  Vochysiaceae  pro  parte,  Csuyo- 
phylleae  pro  parte,  Hyperidneae  pro  parte,  Temstroemiaceae  pro  parte,  Ancistro' 
cladus  pro  parte,  Zygophylleae  pro  p2ui»,  Koeberliniat  Ampehdaceae  pro  parte  (in 
the  bast  ?),  Sapindaceae  pro  parte,  Papdlionaceae  pro  parte,  Rosaceae  pro  parte, 
Saxifragaceae  pro  parte,  Combretaceae  pro  parte,  M3rrtaceae  pro  parte,  Melastomaceae 
pro  parte,  Lythrarieae  pro  parte,  Onaj;rarieae  (excL  Trapa)y  Loaseae,  Umbelhferae 
pro  parte,  Caprif  oHaceae  pro  parte,  Rubiaceae  pro  parte,  Valerianeae  pro  parte,  Dipsa- 
ceae  pro  parte,  Goodeniaceae  pro  parte,  Campanulaceae,  LobeUaceae,  Vacciniaceae, 
Ericaceae,  Epacrideae,  Diapensiaceae  pro  parte,  Primulaceae  pro  paute,  Ebenace^ 
pro  parte,  Styraceae  pro  parte,  Loganiaceae  (most  Buddleioideae),  Polemoniaceae 
pro  parte,  Boranneae  pro  parte,  Solanaceae  pro  parte,  Scrophulanneae  pro  parte, 
Columelliaceae,  Gesneraceae  pro  parte,  Acanthaceae  pro  parte  (reallv  endodermal), 
Selagineae  pro  parte,  Labiatae  pro  parte,  Illecebraceae  pro  parte,  Chenopodiaceae 
pro  parte  (see  p.  1029),  Batideae,  Polygonaceae  pro  paite,  Nepenthaceae,  Penaea- 
ceae,  Euphorbiaceae  -gto  parte,  Buxaceae  pro  parte,  Cmpetraceae^. 

In  the  case  of  repeated  development  of  cork  on  the  same  axis,  the 
arrangement  of  the  successive  cork-cambia  with  reference  to  one  another, 
and  the  resulting  mode  of  formation  of  the  bark  (whether  scale-  or  ring«bark), 
afford  characters,  which  are  of  s)rstematic  value ;  as  a  rule,  however,  these 
features  can  only  be  determined  in  axes  of  some  thickness,  and  not  in  herbarium- 
material.  Rin£[-bark  is  found  only  in  species,  in  which  the  first  phellogen 
appears  in  a  relatively  deep  layer  of  cells.  The  peculiar  repeated  development 
of  cork  in  the  Sapindaceous  genera  Dodonaea  and  Distichostemon  and  some 


^  PericycUc  deyelopment  of  the  cork  is  pievalent  in  herbaceous  plants  and  in  plants  having  an 
cricoid  habit. 
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other  plants,  and  the  lamellated  or  tier-like  cork  of  certain  Saxifragaceae,  Rubta- 
ceae,  L^aniaceae  (Fig.  125,  p.  544),  and  Labiatae  (which  is  due  to  repeated 
devdopment  of  cork),  still  require  a  more  detailed  discussion  ;  both  01  these 
features  can  be  recognized  already  in  the  branches  of  herbarium-materiaL  In 
Dodonaea  and  Distichostemon  the  development  of  the  cork  commences  in  the 
pericycle  on  the  inner  side  of  the  rine  of  pericyclic  sclerenchyma,  and  is  acoHO- 
panira  by  the  formation  of  a  many-layered  phelloderm ;  subsequently,  a  fresh 
development  of  cork  takes  place  internal  to  a  second  ring  of  sclerenchyma»  which 
arises  at  the  inner  limit  of  the  pheUoderm,  and  so  on ;  similar  features  are 
f  oimd  also  in  species  of  ColumeUia  (Columelliaceae)  and  in  species  of  Rosfnarinus 
and  Salvia  (Labiatae).  In  the  formation  of  the  lamellated  cork  consecutive 
layers  of  the  primary  cortex  develop  from  without  inwards  into  cork-cambia, 
each  of  which  gives  rise  only  to  a  very  small  number  of  layers  of  cork-ceUs ; 
as  a  consequence,  the  rows  of  cork-ceUs  belonging  to  the  individual  tiers  do 
not  correspond  with  one  another  in  the  radial  direction. 

The  detailed  structure  of  the  cork-ceUs  varies,  but  is  frequently  only 
of  value  for  specific  diagnosis.  The  walls  of  the  cells  are  either  (a)  thm,  the 
cells  in  this  case  frequently  having  very  wide  lumina  (spon^  cork),  and  at  the 
same  time  often  being  considerably  ekmgated  in  the  radial  directicm,  or  (h) 
thick,  in  which  case  tiie  cells  are  compressed  in  various  ways,  often  showing 
a  very  marked  radial  compression  (tabular  cork),  or  (c)  sclerosed  (stone-cork). 
In  the  latter  case  the  cork-cdls  are  either  uniformly  sclerosed,  or  the  process 
of  sclerosis  affects  only  one  side  of  the  cell,  or  merely  a  horseshoe-shaped 
piece  of  the  waU ;  in  the  second  case  sclerosis  is  confined  either  to  the 
outer  or  to  the  inner  tangential  walls.  The  sclerosed  cells  either  compose 
the  entire  cork  or  are  conmied  to  certain  layers  or  occur  as  isolated  elements 
in  the  cork.  In  certain  species  of  Croton  (Euphorbiaceae)  the  structure  of  the 
walls  of  the  cork-cells  is  particularly  noteworthy,  since  the  inner  tangential 
walls  are  encrusted  with  sroall  crystals  of  oxalate  of  lime,  while  in  Liquidambof 
(Hamamelideae)  the  cells  of  the  cork  are  partly  silicified.  In  certain  plants, 
moreover,  the  cork  contains  unsuberized  cells  having  walls,  which  consist 
of  cellulose  or  are  even  more  or  less  lignified  ('  phelloid-cells ')  ^, 

The  occurrence  of  Ia3rer8  of  phelloid-cells  ('Trennungsphelloide'  of  Hohnd), 
alternating  with  one  or  more,  sometimes  even  a  large  number,  of  layers  of  cork-ceUs, 
is  of  considerable  taxonomic  value ;  smaller  systematic  value  is  to  be  attributed 
to  the  often  abundant  occurrence  of  phelloid-cells  ('  Massen- '  or  '  ErsatzpheUoid ') 
in  thick  masses  of  cork,  the  strong  development  of  which  is  frequently  only  a  local 

Shenomenon.  Layers  of  phelloid-cells  have  been  recorded  in  the  following  Orders : 
[3rpericineae,  Burseraceae  (phelloid-cells  with  silicified  inner  tangential  waDs!), 
Rosaceae,  Combretaceae,  M3n'taceae,  Melastomaceae,  Lythrarieae,  Onagrarieae^ 
Caprif oHaceae ',  Penaeaceae.  The  species  involved  are,  in  almost  all  cases,  such  as 
show  internal  development  of  the  cork. 

A  cork  containing  phelloid-cells  is  related  to  the  'mucilaginous  cork,' 
which  has  been  observed  in  certain  desert-plants  belonging  to  the  Orders 
Papilionaceae,  Chenopodiaceae,  and  Polygonaceae  *. 

At  this  point  we  may  also  refer  to  the  structure  of  the  cork  in  the 
Epacrideae,  in  which  the  ceUs  do  not  show  a  distinct  radisd  arrangement 
The  development  of  the  cork  in  this  case  still  requires  farther  investigation. 

Contents  of  a  special  kind  are  found  in  the  cells  of  the  cork  in  Adesmia 
(Papilionaceae),  Sarcocaulon  (Geraniaceae)  and  Betida  (Cupuliferae).  OoA' 
cells  having  wide  lumina  often  contain  nothing  but  air ;  in  other  cases  cm 
finds  remnants  of  the  dead  cell-contents,  which  are  firequently  coloured  brown 
by  phlobaphenes.    

*  Sec  Hohnel,  loc  dt.,  p.  505,  and  J.  E.  Weiss,  loc.  cit.,  p.  6.  *  '  See  Hohnel,  loc.  dt 

t'  See  JonisoD,  Anat  Baa  iitt  Wiisteopflanxen,  Lunds  Universitets  Arsskrift,  xxzyiii,  Af<i*  a* 
n.  6,  1902. 
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The  thickness  of  the  cork  can  also  to  a  certain  extent  be  employed  for 
systematic  purposes.  With  regard  to  this  point,  we  may  note  that  strong 
local  proliferations  of  cork  in  the  form  of  tubercules,  ridges,  &c.,  which  are 
visible  to  the  naked  eye  \  have  long  been  taken  into  consideration. 

The  development  of  phelloderm  *  is  a  very  widely  distributed  feature, 
although  as  a  general  rule  of  little  taxonomic  interest.  In  many  cases  the 
phelloderm  does  not  difEer  in  any  way  or  only  to  a  slight  extent  from  the  tissue 
of  the  primary  cortex,  and  under  uiese  circumstances  it  can  only  be  recog- 
nized as  phelloderm,  if  its  course  of  development  is  studied.  In  other  cases, 
however,  it  is  readily  identified  owinc  to  tiie  radial  arrangement  of  its  cells. 
The  phelloderm  is  sometimes  completely  or  partially  sclerosed.  That  of 
CaneUa,  for  instance,  is  very  characteristic,  being  composed  of  radially  arranged 
cells,  the  inner  tangential  and  radial  walls  of  which  are  sclerosed. 

A  point,  which  has  hitherto  received  too  little  attention,  as  far  as  its 
taxonomic  application  is  concerned,  is  the  succession  of  divisions  in  the 
cork-cambium ;  these  divisions,  which  are  parallel  to  the  surface  of  the  cortex, 
lead  to  the  formation  of  the  cork  and  phelloderm ;  Sanio  '  distinguishes  the 
most  important  types  as  *  centripetal,'  *  centrifugal,'  and  '  reciprocal.' 

The  structure  of  the  lenticels^  (cortical  pores)  likewise  requires  further 
attention  ;  they  are  often  present  on  the  branches  of  herbariimi-material  and 
have  already  been  used  by  S3^tematists  in  their  diagnoses.  Two  types  of 
lenticels  may  be  distinguished.  In  those  of  the  first  type  the  tissue  of  the 
lenticel  consists  solely  of  complementary  cells,  which  remain  in  rather  firm 
connexion,  although  separating  from  one  another  to  a  varying  extent  by  the 
rounding  off  of  their  edges.  In  the  lenticels  of  the  second  type  layers  of  loosely 
arrangea  comfdementary  cells,  which  are  quite  distinct  from  one  another 
and  frequentiy  form  a  powdery  mass,  alternate  with  firm  and  compact  layers 
of  thick-waUed  cells,  which  are  often  of  the  nature  of  cork-cells. 

The  development  of  periderm,  lastiy,  may  be  postponed  for  an  often 
considerable  length  of  time  ^  and  tins  phenomenon  is  dso  of  systematic  impor- 
tance. Late  formation  of  the  periderm  occurs  in  the  Orders  enumerated 
below,  and  is  also  found  prevalently  in  plants  with  reduced  leaves,  which,  owing 
to  the  reduction  of  then:  foliage-leaves,  are  dependent  upon  the  assiniilatory 
tissue  in  the  primary  cortex.  In  the  Visceae  (Loranthaceae)  and  certain 
Menispermaceae  and  rapilionaceae  {Oxylobium),  in  which  cork  only  develops 
at  a  kte  stage  or,  as  in  the  case  of  the  Visceae,  is  never  formed  at  all,  its 
place  is  taken  by  what  is  called  a  *  cuticular  epithelium  • ' ;  the  latter  is 
constituted  by  ceUs  of  the  epidermis  and  primary  cortex,  in  which  the  outer 


^  A  synopsis  of  proliferatioDS  of  this  kind  will  be  found  in  Barber,  in  Annals  of  Bot,  vi,  1892, 
p.  163;  the  n>ecies  named  in  this  synopsis  belong  to  the  Malvaceae  (Bombaceae),  Rntaceae, 
Simarobaceae,  Rhamneae,  Lqgnminosae  (^Papilionaceae,  Caesalpinieae,  Mimoseae),  Rosaceae,  Cacteae, 
Aialiaceae,  and  Enphorbiaoeae. 

'  Knhla,  Entsteh.  \u  Verbrdt.  des  Phelloderms,  Bot.  Centralbl.,  1897,  iii,  p.  81  et  seq. 

>  Sanio,  loc  dt.,  p.  44  et  seq. ;  see  also  J.  E.  Weiss,  loc.  dt^  p.  38,  and  p.  48  under  9  and  10. 

^  Stahl,  Entwicklungsgesdi.  u.  Anat.  d.  Lentizellen,  Bot  Zdt,  1863,  p.  561  et  seq. ;  Klebahn, 
Struktar  n.  Funkt.  d.  Lentiz.,  Ber.  dentsch.  bot.  Gesellsch.,  1883,  p.  113  et  seo^  and  Kindenporen, 
Diss.,  Jena,  188^  also  in  Zeitschr.  f.  Natvrw.,  xvii,  Nene  Folge,  x,  p.  537  et  seq. ;  Deranz,  Lenticdles» 
Ann.  sc  nat,  s^r.  8,  t.  xii,  1900,  p.  i  et  seq. 

*  The  genera  and  species,  which  are  mentioned  in  Moller*s  *  Rindenanatomie  *  and  in  the 
respective  papers  bv  Ross  and  Damm  as  showing  late  development  of  peridenn,  belong  to  the 
following  Orders:  Menispermaceae, Polygaleae,  Gnttiferae,  Temstroemiaceae,  Malvaceae,  Geraniaceae, 
Rntaoeae,  Ilicineae,  Celastrineae,  Rhamneae,  Aceraceae,  Staphyleaceae,  Papilionaceae,  Caesalpmieae, 
Mimoseae,  Rosaceae,  Myrtaoeae,  Araliaceae,  Comaceae,  Compositae,  Sapotaceae,  Oleaceae,  Loga- 
niaceae,  Scrophnlarineae,  Polygonaceae,  Aristolochiaceae,  Lanrineae,  Proteaceae,  Loranthaceae, 
Euphorbiaceae,  Buxaoeae,  Uiticaceae. 

*  Damm,  Baa  mehrjahr.  Epid.  bei  den  Dicotyled.,  Beih.  z.  bot  Centralbl.,  xi,  1902,  p.  219 
et  seq.  and  Tab. 
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walls  become  thickened  by  the  formation  of  cuticular  laj^.  The  saperfidal 
layer  of  wax,  differentiated  in  Acer  pennsylvanicum^  L.,  is  dosdy  rdated  to 
such  a  cuticular  epithelium  ;  in  this  species  of  Acer  the  outer  epidermal  walls 
and  thereupon  the  lateral  and  inner  wsdls  of  the  epidermal  cells,  and  ultimately 
also  the  walls  of  the  layers  of  cortical  cells,  situated  internal  to  the  epidermis,  in 
turn  become  thickened  and  changed  into  a  wax-like  substance,  while  in  otiier 
gpedes  oi  Acer  the  epidermis  alone  undergoes  transformation  into  wax^ 
The  peculiar  gelatinization  of  the  outer  portions  of  the  walls  of  cells  of  the 
epidermis  and  hypoderm  in  the  stem  of  CaUigonum  sp.  (Polygonaceae)*  is  like- 
wise similar  to  a  cuticular  epithelium. 

The  formation  of  suberized  tissue  without  the  help  of  a  phellogen  is 
found  in  certain  Labiatae,  and  (see  above)  apparently  also  in  the  Epacrid^  (in 
which  the  cells  of  the  bast  undergo  suberization  from  without  inwards),  as  well  as 
in  Asarum  (Aristolochiaceae,  in  which  the  primary  cortex  becomes  subaized). 

Develoipment  of  cork  in  the  leaf  is  rare  (Fabiana,  Solanaceae) ;  for 
cork-warts  on  the  leaf,  see  §  39  (p.  1133). 

§  50.  Aerenxhyma'.  In  certain  plants  aerenchyma  (i.e.  a  lacunar 
tissue,  composed  of  Uving  cells  with  thin  unsuberised  waJls,  Fig.  81,  p.  374)  is 
produced  by  the  phellogen  in  place  of  cork  on  those  parts  of  the  stem  and  of 
the  older  roots,  which  are  submerged  or  are  embedded  in  wet  soil.  Aerenchyma 
is  formed  only  in  a  moist  habitat,  and  it  is  possible  to  induce  its  development 
by  artificial  means.  It  has  been  observed  m  the  following  Orders  :  Cappari- 
deae,  Hypericineae,  Papilionaceae,  Mimoseae,  Melastomaceae,  Lythrsineae, 
Onagraneae,  Labiatae,  and  Euphorbiaceae.  The  groups  of  phelloid-cells, 
which  are  found  in  the  cork  of  certain  plants  (see  §  49,  p.  1148)  and  are  provided 
with  intercellular  spaces,  may  be  regarded  as  a  simple  tjrpe  of  aerenchyma. 

§  51.  Primary  Cortex  f  The  differentiatimi  of  the  assimilatory  tissue 
and  endodermis,  and  the  occurrence  of  collenchyma  and  sclerenchyma  provide 
a  nimiber  of  structural  differences,  which  may  be  employed  for  systematic 
purposes,  although  only  of  value  for  special  diagnosis.  A  palisade-like  differen- 
tiation of  the  hypodermal  tissue  is  found  chiefly  among  plants  with  reduced 
leaves  ^  and  occasionally  goes  hand  in  hand  with  the  development  of  furrows 
on  the  surface  of  the  stem  and  the  restriction  of  the  stomata  to  the  epidermis 
of  these  furrows  (see  Fig.  61,  p.  278,  and  Fig.  186,  p.  788) ;  the  same  type  of 
differentiation  is  shown  also  by  the  win^-like  appendages,  found  on  the  stems 
of  plants  with  decurrent  leaves.  Ordmary  collenchymatous  tissue  is  of 
frequent  occurrence  in  the  cortex  and  is  restricted  either  to  a  hypodermal  layer 
or  to  a  median  zone  in  the  primary  cortex  (see  MoUer,  loc.  cit.,  p.  416  et  seq.). 
Typical  collenchyma  (of  the  well-toaown  form,  as  found  in  Begonia  or  Cucurbtia) 
is  rarer ;  it  is  found  in  the  same  position  as  the  ordinary  coUenchsmoa,  bat 
may  also  be  developed  in  the  form  of  strands  on  the  outer  side  of  the  bast- 
groups.  Subepidermal  collenchyma  of  the  typical  kind  frequentiy  participates 
in  the  formation  of  the  ribs  on  the  stem.  In  some  cases  (e.g.  in  certain  Labiatae 
and  Piperaceae)  cells  of  the  typical  collenchyma  may  secondarily  become 
sclerosed  and  thus  transformed  into  elemefnts  resembling  bast-fibres.     As 


*  Uloth,  in  Flora,  1867,  p.  385  ct  seq. 
^  JoDsson,  in  Lnnds  Um?eis.  Artskr., 


,  xxxviii,  Afd.  2,  n.  6,  1902,  p.  2a 

'     P-  535- 

r^corce,  Ann.  sc.  nat,  s^.  6,  t  it* 
Rinde  unserer  Laubh.,  Dio.,  Bieslao, 
1875  ;  'MoUer,  RindenanaL,  1882. 

*  See  Schube,  Blattanne  Pfl.,  Breslan,  1885;  Pick,  Ass.  Gewebe  armlanb.  Gewadire.,  DiH^ 
Bonn,  1881 ;  Nilsson,  Stndier  ofv.  stammen  s&som  assimiler.  org.,  Goteboi;^  k.  Vetensk.  och  Vitter- 
hetto  Samhall.  Handl.,  1887  ;  Ross,  in  Nuov.  Giom.  bot.  Ital.,  xxi,  1889,  etc 
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regards  the  occurrence  of  sderenchyma,  it  is  necessary  to  bear  in  mind  the  fact 
that  sderosis  of  the  primary  cortex  often  sets  in  only  at  a  late  stage,  so  that 
it  is  sometimes  impossible  to  determine  this  feature  adequately  in  the  branches 
of  herbarium-material.  Features  deserving  special  consideration  are  :  (a)  the 
occurrence  of  bundles  of  sclerenchymatous  fibres ;  (6)  the  presence  of  a  ring 
of  stone-cells ;  (c)  the  presence  of  cells,  which  (in  a  transverse  section)  are 
sclerosed  in  the  shape  of  a  U  ;  {d)  the  occurrence  of  '  cristarque  '-cells  ;  and 
(e)  the  spicular  cells  and  storage-tracheides,  already  discussed  in  §§  9  and  11. 
We  may  note  that  the  '  cristarque  '-cells  (i.e.  cells,  which  are  thickened  in 
a  U-shaped  manner,  each  of  them  closely  enveloping  a  single  solitary  or  clus- 
tered aystal)  ^  occasionally  form  complete  zones  (*  cristarque '),  which  are 
more  or  less  interrupted  and  coincide  either  with  the  first  or  second  cell-layers 
of  the  primary  cortex  or  with  the  endodermis ;  when  such  a  '  cristarque ' 
is  present  in  the  body  of  the  cortex,  it  sometimes  occurs  in  a  corresponding 
position  also  in  the  petiole  and  the  veins  of  the  leaf  of  the  same  speaes.  In 
plants  inhabiting  damp  localities  and  especially  in  water-plants  the  primary 
cortex  contains  a  system  of  intercellular  spaces,  which  is  often  strongly 
developed. 

The  endodermis  (protective  sheath,  phloeoterma)  *,  i.e.  the  innermost 
cell-layer  of  the  primary  cortex,  affords  but  few  anatomical  characters.  In 
woody  species  it  is  at  the  best  developed  only  in  the  young  parts  of  the  axis, 
being  differentiated  as  a  starch-sheath  and  containing  amylon.  In  the  different 
parts  of  the  stem  of  herbaceous  plants  it  often  shows  up  distinctly  owing  to  the 
suberization  of  its  radial  walls,  which  are  provided  with  Caspary's  dots  or 
lines.  The  divisions  in  the  endodermal  cdls  (for  the  most  part  by  means  of 
radial  walls),  characteristic  of  many  Gentianeae-Gentianoideae,  are  foimd  not 
only  in  the  root,  but  sometimes  also  in  the  stem  of  this  group  of  plants. 

The  secretions  and  excretions  found  in  the  primary  cortex  have  already 
been  discussed  in  §  13  et  seq. 

Typical  coUencfayma  has  been  observed  in  certain  Malvaceae,  Cucurbitaceae, 
Begomaceae,  Araliaceae,  Umbelliferae,  Dipsaceae,  Compositae,  Labiatae  (four 
strands  of  collenchyma  in  the  four  angles  of  the  stem),  Amarantaceae,  Chenopodia- 
ceae,  Phytolaccaceae,  Polygonaceae  and  Piperaceae* ;  quite  a  special  form  of  coUen- 
ch3nna  occurs  in  the  Cacteae  (Fig.  90,  p.  407).  The  primary  cortex  contains  com- 
plete  zones  or  groups  of  scleren^ymatous  fibres  or  isolated  sclerenchymatous 
fibres,  some  of  which  may  have  developed  secondarily  from  coUenchymatous  cells, 
in  certain  Tremandreae,  lattosporeae,  Tamarisdneae  (m  Fouquiera  there  is  a  peculiar 
sclerenchymatous  zone,  which  arises  in  the  subepidermal  layer  of  cells  and  consists 
of  many  layers),  Polygaleae,  Hyperidneae,  species  of  Ancistrocladus,  species  of 
Lophiray  Simarubaceae,  Luxemburgiaceae,  Stackhousieae,  Papilionaceae,  Kosaceae 
{Prunus  with  fibrous  cells,  some  of  which  have  a  horizontal  course),  Halorageae, 
UmbelMferae,  Plumbagineae,  Oleaceae,  Asclemadeae,  Loganiaceae,  Scrophularineae, 
Bignoniaceae,  Acanthaceae,  Verbenaceae,  Labiatae,  Polygonaceae,  Piperaceae, 
Santalaceae,  Euj^iorbiaceae,  and  Casuarineae  (Fig.  186,  p.  788) ;  in  plants  with  re- 
duced leaves  (see  Fig.  6 1 ,  p.  278 ),  the  sclerench3nnatous  fibres  occasionally  form  plates, 
which  traverse  the  entire  pnmary  cortex,  extending  from  the  epidermis  to  the  bast- 
groups  of  the  vascular  bundles.  A  rin^  of  stone-cells  has  been  observed  in  the  primary 
cortex  in  certain  Capparideae,  Guttiferae,  Simarubaceae,  Burseraceae,  Meliaceae, 
Anacardiaceae,  Saxifragaceae,  Melastomaceae,  Asclepiadeae,  Loganiaceae  (Strychnos), 
Bignoniaceae,  Monimiaceae,  species  of  Myzodendron,  Euphorbiaceae,  Balanopseae, 
Moraceae,  Salicineae,  as  well  as  in  Brackynema^  and  (according  to  Mdller,  p.  419) 


^  See  etpedally  Van  Tieghem,  Le  cristarque  dans  la  tige  et  la  fenille  des  Ochnaoto,  Boll*  Mos. 
<l*hist.  Bat.,  jcvi,  190a,  p.  266  et  seq.;  and  Van  Tiegnem,  in  Ann.  sc  nat.,  s^.  8,  t  xvi, 
190J,  p.  166  et  seq.,  etc. 

*  For  the  distribntion  of  thejendodermis  among  the  Dicotyledons,  see  Schonte,  Stelartheorie, 
Jena  and  Groningen.  J^3,.pp..  108-33. 

'  See  also  Schwcndener,  Mecban.  Prinzip,  p.. 157. 
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also  in  certain  Apoc3maceae  and  Asclepiadeae ;  in  some  of  these  cases,  the  ring  of 
8tone-^:ells  arises  in  the  phellodenn.  Ccdls,  sclerosed  in  a  U-shaped  manner,  are 
present  in  the  primary  cortex  in  certain  Calycanthaceae,  Canelfaceae,  Bixineae, 
iMpterocarpeae,  Simanibaceae,  Melastomaceae,  Gesneraceae,  Bnicaceae  and  Empe- 
traceae.  Cristarqae-cells  occur  in  the  Rhaptopetalaceae,  Lineae,  Simarubaceae 
(Irvingieae),  Ochnaceae  (with  clustered  crystals),  Luxemburgiaceae  (apparently 
only  in  the  veins  of  the  leai),  and  Octocnemaceae.  Parenchymatous  cdlls,  provided 
with  ridge-Uke  thickenings,  are  found  in  the  lacunar  cortical  parench3nna  of  HerpnHs 
Monnieria  (Scrophidarineae).  Regarding  the  transformation  of  the  outer  cc^  of 
the  primary  cortex  (together  with  the  epidermal  cells)  into  a  cuticular  epithelium 
or  a  complete  layer  of  wax,  see  {  49  (pp.  1 149-1 1 50). 

§  52.  Pericycle  ^.  The  term  '  pericycle '  is  on  the  whole  a  practical 
desimation^  which  is  not  altogether  founded  on  a  developmental  basis ;  it  is 
used  to  indicate  that  region  of  the  cortex  of  the  stem,  which  lies  between  the 
innermost  cell-layer  of  the  primary  cortex  (which  is  sometimes  differentiated 
as  a  distinct  endodermis)  and  the  vascular  sj^tem  (or,  to  put  it  more  exactly, 
the  bast-groups  and  the  intervening  primary  medullary  rays  of  the  cortex). 
The  pericycle  is  differentiated  in  a  vanety  of  ways.  In  some  cases  it  is  paren- 
chymatous throughout.  When  this  is  the  case,  the  pericyclic  region  can 
occasionally  (and  especially  in  the  cortex  of  the  larger  branches)  be  deter- 
mined only  by  tracinc;  the  primary  medullary  rays  of  the  cortex  (in  a  trans- 
verse section)  outwards  in  the  radial  direction  up  to  the  point,  at  which  they 
mer^e  into  the  tissue  of  the  primary  cortex.  In  other  cases  the  pericycle  is 
distinguished  by  the  development  of  sderenchymatous  elements  and  is  diffe- 
rentiated as  an  interrupted  or  continuous  mechanical  strengthening  rin£; 
under  these  circumstances  the  pericycle  is  generally  easily  recognised.  In 
a  pericycle  of  this  kind,  a  parenchymatous  zone,  which  resembles  the  ground 
tissue,  is  frequently  intercalated  between  the  pericyclic  sclerenchjmia  and  the 
vascular  sj^tem  or  rather  the  bast-groups  of  the  latter  ;  this  zone  either  con- 
sists only  of  a  few  layers  of  cells  or  is  strongly  developed  (e.g.  in  the  Meni- 
spermaceae  or  Cucurbitaceae),  and  is  described  as  the  parenchymatous  pericycle; 
when  it  is  wanting,  the  sderenchymatous  elements  of  the  pericyde  are  in 
direct  contact  with  the  bast-groups.  The  sderenchymatous  pericycle  consists 
either  (a)  of  a  non-sderosed  parenchjonatous  region,  containing  only  isolated 
bast-fibres  (primary  bast-fibres  ^)  or  groups  of  bast-fibres  of  varying  dimensions, 
or  (b)  of  a  completdy  or  more  or  less  completdy  dosed  ring  of  bast-fibres, 
or  (c)  of  a  completely  or  more  or  less  completdy  continuous  and  composite 
(i.e.  composed  of  bast-fibres  and  stone-cells)  ring  of  sderenchyma. 

The  differentiation  of  the  sderenchymatous  pericyde  may  vary  in  branches 
of  different  thickness  in  one  and  the  same  spedes.  Thus  in  young  branches 
the  pericyde  is  occasionally  found  to  contain  a  dosed  ring  of  bast-fibres,  which 
during  the  subsequent  growth  in  thickness  of  the  branch  becomes  broken 
up  into  isolated  groups  of  fibres  (the  latter  decreasing  in  size  as  secondary 

^  Van  Ti^hem,  in  Boll.  See  bot.  de  France,  1882,  p.  a8o;  Morot,  in  Ann.  sc.  nat.,  8^.6, 
t  XX,  1884,  p.  317,  and  Boll.  Soc.  bot.  de  France,  1886,  p.  203;  d*ArbaiuDont,  in  Boll.  So&  bot. 
de  France,  1886,  p.  141 ;  H.  Fischer,  Der  Pericykel,  in  rrinesheim  Jahrb.,  xxxr,  1900,  pp.  1-27 
and  Tab.  i ;  Pitard,  L*^voliition  et  la  valenr  anat  et  taxinom.dii  p^icycle  des  Angiospermes,  Tbae, 
Bordeaux,  1901,  197  pp.,  5  pi.,  also  in  M^m.  Soc.  sc.  phys.  et  nat.  Bofdeanx,  t  nri,  1901 ;  Me  also 
the  foither  papers  by  Htard  (in  M^m.  Bordeanx,  Iv  and  Ivi,  1 900-1)  which  are  dted  in  this  tkesis. 

'  The  bast-fibres  of  the  sclerenchymatons  peric3rcle  (primary  bast-fibres)  are  frequently  dit- 
tingnished  from  the  bast-fibres  of  the  secondary  bast  (secondary  bast-fibres)  by  their  stmctare 
(the  ontline  and  colour  being  different,  while  the  walls  show  a  slightly  different  chemical  cod- 
position,  which  is  probably  connected  with  the  difference  in  colour).  To  mention  exampkSf 
with  which  every  one  is  familiar,  such  points  of  difference  are  shown  by  the  bast-fibres,  which 
compose  the  outermost  layers  of  hard  bast  in  the  phloem-groups  of  the  lime  (which  axe  narrowed 
outwards  in  the  form  of  wedges),  and  which  are  to  oe  regarded  as  pericyoUc  elements^  by  the  isolated 
groups  of  bast-fibres  in  the  pericycle  of '  Cortex  Frangulae,'  etc 
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growth  continues),  while  parenchymatous  tissue  penetrates  into  the  gaps 
thus  formed  both  from  the  outer  and  inner  sides  ;  this  parenchyma  is  either 
not  sclerosed  or  becomes  more  or  less  completely  sclerosed.  In  this  way 
the  thicker  axes  of  one  and  the  same  species  contain  either  isolated  groups 
of  bast-fibres  of  varying  size  or  a  composite  ring  of  sclerenchyma,  which  is 
either  interrupted  or  continuous ;  in  thick  branches,  moreover,  the  composite 
ring  of  sclerenchyma  naturally  includes  a  far  larger  number  of  stone-cells 
than  in  those  which  are  slightly  thinner,  while  the  proportion  of  bast-fibres 
as  compared  with  stone-ceOs  decreases  more  and  more.  In  the  course  of 
further  growth  in  thickness,  such  a  composite  and  continuous  ring  of  scleren- 
chyma may  again  be  burst  open,  unless  prior  to  that  it  falls  a  victim  to  the 
formation  of  bark.  It  remains  to  mention  that  the  parenchymatous  pericycle, 
found  on  the  inner  side  of  the  sclerenchymatous  pericycle  in  some  plants, 
commences  to  develop  only  at  a  certain  stage. 

In  emplo3ang  the  pencycle  for  systematic  purposes,  it  is  of  the  utmost 
importance  to  take  due  consideration  of  its  progressive  development  and  of  the 
transformations,  which  it  undergoes.  The  most  valuable  feature  from  this  point 
of  view  has  proved  to  be  the  composite  and  continuous  ring  of  scleren- 
ch3ana,  which  is  frequently  characteristic  of  entire  Orders  or  genera. 

In  utilizing  the  pericjrdic  sclerenchyma  for  taxonomic  purposes  it  is,  however, 
necessaiv  to  keep  in  view  its  physiological  importance  as  a  mechanical  tissue. 
Althougn  the  ring  of  pericydic  sderendiyma  ooes  not  occur  in  all  Primolaceae, 
it  is  nevertheless  characteristic  of  this  Order,  since  it  is  absent  only  in  those  species, 
which  have  no  need  of  flexile  strength  (Westermaier).  Among  the  Cucurbitaceae 
a  strengthening  ring  is  found  in  the  pericycle  only  in  those  species,  which  show  no 
growth  in  thickness.     In  succulent  plants  there  is  no  pericychc  sclerench3rma. 

A  composite  and  continuoos  ring  of  sclerenchyma  is  found  in  the  pericycle 
in  the  following  Orders  and  genera  respectively :  ^anunculaceae  pro  parte,  Dille« 
niaceae  pro  parte,  "Calycanthaceae  pro  parte,  MagnoHaceae  pro  parte,  Trochoden* 
draceae  pro  parte,  Menispermaceae  pro  parte,  Berberideae  pro  parte,  Ci^>parideae 
pro  parte,  Violarieae  pro  parte,  Bixineae  pro  parte,  Tremandreae  pro  oarte,  Vochy- 
siaceae  pro  parte,  Tamansdneae  pro  parte,  Hyperidneae  pro  parte,  Guttiferae  pro 
parte,  Temstroemiaceaepro  parte,  Strasburgeria,  Lophira^  Tiliaceae  pro  parte,  Lineae 
pro  parte,  Humiriaceae,  Malpighiaceae  pro  parte,  Zygophylleae  pro  parte,  Gerania- 
ceae  pro  parte,  Rutaceae  pro  parte  (rare),  Simarubaceae  pro  parte,  Koeb^rlinia, 
Ochnaceae  pro  parte,  Burseraceae,  Meliaceae  (very  rare),  Oladneae  pro  parte; 
Octocnemaceae,  Ilidneae  pro  parte,  Celastrineae  pro  parte,  Hippocrateaceae  pro 
parte,  Pentaphylacaceae,  Rnamneae  pro  parte,  Ampelidaceae  pro  parte,  Sapindaceae 
(almost  always),  Hippocastanaceae,  Aceraceae  pro  parte,  Sabiaceae  pro  parte, 
Anacardiaceae  pro  pa^e,  Moringeae  pro  parte,  Connaraceae,  Papilionaceae  pro 
parte,  Caesalpinieae  (almost  always),  Mimoseae  pro  parte,  Rosaceae  pro  parte, 
Saxifragaceae  pro  parte,  Hamameliaeae,  Ostrearia,  Khizophoraceae  pro  parte,  Samy- 
daceae  pro  parte,  Passifloraceae  pro  parte,  Datisceae  pro  parte,  Cornaceae  pro  parte, 
Caprifoliaceae  pro  parte,  Epacrideae  pro  parte,  Myrsmeae  pro  parte,  Ebenaceae  pro 
parte,  Styraceae  pro  parte,  Oleaceae  pro  parte,  Salvadoraceae  pro  parte.  Hydro- 
phyllaceae  pro  parte,  Boragineae  pro  parte,  Acanthaceae  pro  parte,  Verbenaceae 
pro  parte,  lUecebraceae  pro  parte,  Phytolaccaceae  pro  parte,  Polygonaceae  pro 
parte,  Aristolochiaceae  pro  parte,  Piperaceae  pro  parte,  Cnloranthaceae  pro  parte, 
Monimiaceae  pro  parte,  Xaurineae  pro  parte,  Hemandiaceae  pro  parte,  Gomorteea- 
ceae,  Proteaceae  pro  parte,  Geissoloma,  Santalaceae  pro  parte,  Chdmpereia^  Grubbia 
pro  parte,  Euphorbiaceae  pro  parte,  Balanopseae,  Uunaceae  pro  parte,  Platanaceae, 
Juglandeae  pro  parte,  Myncaceae  pro  parte,  Casuarineae,  Cupuliferae,  Ladstemaceae. 

The  exact  nature  of  the  elements  composing  the  pericydic  sderenchvma, 
and  especially  the  detailed  structure  of  the  bast-nbres  (lengui,  structure  of  the 
walls  and  lumina,  the  kind  of  pitting  \  and  the  occurrence  of  septation),  also  requires 
to  be  taken  into  account  in  systematic  anatomical  researches.  In  the  following 
cases  the  arrangement  or  structure  of  the  elements  forming  the  sclerenchynia-ring 
is  particularly  noteworthy:    in  Balanites  (Simarubaceae,   p.  185),  the  ring  of 


'  Bordered  pits  occur  on  the  bast-fibres  in  the  Epacrideae. 
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sderenchyma  consists  of  a  ring  of  stone-cells,  at  the  inner  margin  of  which  |proiips 
of  bast-fibres  are  inserted;  in  certain  Calycanthaceae,  Guttiferae,  Temstroenuaceae, 
Simambaceae  (Irvingieae),  Chrysobalaneae,  Rhizophoraceae,  Samydaceae,  Salva- 
doraceae,  Monimiaceae,  Lanrineae,  Hemandiaceae,  Gomortegaceae  and  Enphor- 
biaceae  the  sderenchymatoos  ring  contains  stone-cells,  which  are  thickened  in  a 
U-shaped  manner. 

§  53.  Bast-groups  and  especially  the  Secondary  Bast.  The  struc- 
ture of  the  bast  likewise  affords  an  abundance  of  anatomical  characters.  These 
are  as  follows  :  (a)  the  occasional  prominent  demarcation  of  the  bast-groups  of 
the  individual  vascular  bundles  (their  outline  in  transverse  section  in  this  case 
resembling  that  of  a  synunetrical  trapezium,  or  being  convex  on  its  outer  side), 
a  feature  which  goes  hand  in  hand  with  the  occurrence  of  broad  primary  (cortical) 
medtdlary  rays,  which  often  widen  out  towards  the  exterior  to  a  marked  extent ; 
(6)  the  presence  or  absence  of  secondary  hard  bast,  which,  when  present,  is  deve- 
loped in  varying  amount  and  shows  diverse  distribution  (solitary  bast-fibres ; 
groups  of  bast-nbres  with  a  scattered,  reticulate  or  stratified  arrangement)  and 
differentiation  (chiefly  as  regards  the  length,  the  appearance  in  transverse  sec- 
tion, the  mode  of  thickening,  the  thickness  of  the  walls,  the  size  of  the  lumina  and 
the  kind  of  pitting  of  the  fibres ;  the  latter  occasionally  also  septate  or  merging 
into  sderenchymatous  parenchyma)  of  its  elements ;  (c)  the  occurrence  of 
ordinary  stone-cells  or  spicular  cells  (see  §  0) ;  (d)  the  structure  of  the  sieve-tubes 
(the  width  of  their  lumina  ;  the  diverse  dufferentiation  and  arrangement  of  the 
sieve-plates,  viz.  either  (i)  simple  sieve-plates  (i.e.  provided  with  a  single  sieve- 
area),  which  are  mostly  situated  on  horizontal  cross-walls,  or  (ii)  scsdariform 
sieve-plates  (having  from  two  to  many  sieve-areas),  which  are  found  on  strongly 
inclined  division-walls,  the  latter  being  seen  from  the  surface  in  a  radial  longi- 
tudinal section,  or  (iii)  both  simple  and  scalarif orm  sieve-plates  side  by  side ;  the 
occurrence  of  sieve-plates  on  the  lateral  walls ;  and  finally,  the  delicate  or  coarse 
nature  of  the  pores  in  the  sieve-plates) ;  (e)  the  breadth  of  the  secondary 
medullary  rays  and  the  sclerosis  of  the  parenchyma  of  the  secondary  rays 
between  the  groups  of  secondary  hard  bast,  which  occasionally  leads  to  the 
formation  of  complete  sclerenchymatous  rings ;  (/)  lastly,  the  occurrence  and 
distribution  of  the  manifold  excretions  and  secretions  (see  §  13  et  seq.,  especially 
the  occurrence  of  chambered  crystal-fibres,  bearing  solitary  or  clustered  crystals, 
i.e.  fibre-like  groups  of  cells,  with  mmierous  transverse  septa,  the  individual 
chambers  containing  deposits  of  oxalate  of  lime). 

The  conditions  for  the  determination  of  many  of  these  features^  are 
frequently  very  imfavourable  in  the  case  of  herbarium-material,  which  is 
generally  alone  available  for  the  purposes  of  a  systematic  investigation,  since 
the  features  in  question  can  often  only  be  recognized,  when  the  secondary 
bast  has  attained  a  certain  degree  of  thickness.  It  is  therefore  impossible  to 
deal  fully  with  all  of  the  above-mentioned  characters. 

The  following  lines,  in  the  first  place,  contain  a  list  of  the  Orders  and  anomalous 
genera,  in  which,  unless  there  is  a  statement  to  the  contrary,  t3rpical  secondary 
hard  bast  (Le.  composed  of  bast-fibres),  has  been  observed ;  the  Chxlers  and  genera, 
in  which  some  of  the  members  at  least  show  a  distinct  stratification  of  the  ^oem 
into  soft  and  hard  bast,  are  indicated  by  a  * :  *Ranunculaceae,  Ddlleniaceae,  *Blag- 
noliaceae,  Trochodendraceae,  *Anonaceae,  Berberideae,  Cmciferae,  Canellaceae, 
*Bixineae,  Polygaleae,  Vochysiaceae  ?,  *Tamariscineae,  ♦Guttiferae,  Terns tioemis- 
ceae,  ^Microsemma^  *Dipterocarpeae,  *Monotes,  Chlaenaceae,  ^Malvaceae,  ^riplo- 
chitonaceae,  *Sterculiaceae,  *Tiliaceae,  *Rhaptopetalaceae,  *Lineae,  Humiiiaceae, 
*Malpighiaceae,  Geraniaceae,  *Rutaceae,  *Simarubaceae,  *Balanites\  Ochnaceae, 

'  See  Mbller,  Rindenanat,  1882,  especially  p.  423  et  seq. ;  Lecomte,  Liber,  Ann.  sc  naL,  ser.7, 
t.  ac,  1889,  p.  192;  Perrot,  Tissn  crible,  Th^,  Paris,  1899,  243  pp.;  Hill,  Siere-tiibea,  AnuJs 
of  Bot,  1903,  pp.  265-7. 

'  According  to  Van  Tieghem,  Ann.  sc.  nat.,  s^r.  9,  t.  It,  1906. 
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^Luxemburgiaceae,  Wallacea^  Burseraceae,  *Meliaceae,  Olacineae,  Octocnema- 
ceae,  Uicineae  (rare),  Celastrineae,  *Hippocrateaceae,  *Rhamneae,  *Ainpelida- 
ceae,  Sapindaceae,  Hippocastanaceae,  *Aceraceae,  Staphyleaceae,  ^Anacardiaceae, 
Connaraceae,  *Papilionaceae,  Caesalpinieae,  *Mimoseae,  *Rosaceae,  Saxifragaceae, 
Hamamelideae,  Combretaceae,  *Myrtaceae,  Lythrarieae,  Onagrarieae,  Passifloraceae, 
^Papayaceae,  Datisceae,  ♦Comaceae,  ^Caprifoliaceae,  Rubiaceae,  Compositae,  Erica- 
ceae, *£pacrideae,  Sapotaceae,  Styraceae,  *01eaceae,  Ap>ocynaceae,  Bora^eae, 
*Bignoiiiaceae,  Acanthaceae,  Verbenaceae,  Batideae,  *Myristicaceae,  Moniimaceae. 
Laurineae,  ♦Proteaceae,  *Th3nnelaeaceae  with  Octolepis  and  Gonystylus  (bast-fibres  in 
this  case  projecting  Uke  threads  of  silk  on  the  ruptured  surface,  when  the  dried 
branches  are  broken  in  two),  *Elaeagnaceae,  Santalaceae,  Grubbia,  *£uphorbiaceae, 
Buxaceae,*Uhnaceae,Cannabineae,  ♦Moraceae,  *Platanaceae  (sclerotic  parenchyma! )» 
♦Leitnerieae,  *Juglandeae,  Myricaceae,  Casuarineae,  ♦Cupuliferae,  *Salicineae. 

The  fbllowing  types  of  bast-fibres  deserve  special  mention  (apart  from  the 
special  spicular  ceUs  occurring  in  the  bast  of  the  axis,  and  referred  to  at  the  end  of 
§  9) :  (a)  the  long  bast-fibres,  found  in  man^rlineae  and  Urticaceae,  and  ^le  strikingly 
short  spindle-shaped  bast-fibres  of  Bevheris  ;  (h)  the  bast-fibres  of  many  Apoc3ma- 
ceae  and  Asdepiadeae,  which  are  provided  with  local  enlargements ;  (c)  the  bast- 
fibres  of  certain  Vacciniaceae,  Ericaceae  and  Epacrideae  (Fig.  iii,  p.  492),  which 
bear  bordered  pits  ;  (d)  the  bast-fibres  of  many  Euphorbiaceae,  whicn  show  a  well- 
marked  stratification  of  their  wall ;  (e)  the  septate  bast-fibres,  found  in  many 
Orders  ;  and  lastly,  (/)  the  acicular  fibres  or  raphidines,  occurring  in  many  Acantha- 
ceae.  The  raphidines  are  fibrous  cells,  which  are  of  small  dimensions  in  a  transverse 
section,  and,  uke  the  raphides  in  a  raphide-sac,  are  found  in  large  numbers  in  long 
sac-shaped  cells  of  the  soft  bast,  from  which  they  are  originally  derived  by  cell- 
division  (Fig.  146,  p.  619).  Rod-cells,  i.e.  elongated  parenchymatous  cells,  are 
frequently  developed  in  the  bast  in  place  of  bast-fibres.  Closed  rings  of  stone- 
cells  have  been  observed  only  in  the  outermost  portion  of  the  bast  of  certain  Logania- 
ceae  (species  of  Sirychnos)  and  Asdepiadeae.  The  structure  of  the  soft  bast  shows 
noteworthy  features  in  Podophyllum  (Berberideae),  in  which,  as  in  the  case  of 
Monocotyledons,  it  consists  only  of  sieve-tubes  and  companion  cells,  and  in  almost 
all  the  Gentianeae-Menyanthoideae,  which  have  characteristic  eroups  of  small 
sieve-tubes,  these  groups  being  equal  in  size  to  a  single  cell  of  the  ndghbouring 
parenchyma.  Sieve-tubes  wim  wide  lumina  are  found  chiefly  in  lianes,  while  in 
faticiferous  and  succulent  plants  the  sieve-tubes  are  extremely  narrow  and  insig- 
nificant. A  tendency  towards  a  coUenchymatous  differentiation  of  the  soft  bast 
has  been  recorded  in  the  Caryophylleae  and  allied  Orders,  as  well  as  in  the  Pitto- 
sporeae  and  Plantagineae. 

Stratification  of  the  bast  by  means  of  tangential  layers  of  chambered  fibres 
containing  clustered  crystals  is  found  in  certam  Combretaceae,  Myrtaceae  and 
Lythrarieae. 

VI.    Anomalous  Structure  of  the  Axis^. 

§  54.  Contracted  Vascular  Systems  of  submerged  plants  and  certain 
other  Dicotyledons,  and  Dissociation  of  the  Ring  of  Vascular  Bundles. 
The  vascular  bundles,  found  in  the  different  parts  of  the  stem  of  submerged 
plants  ^  fuse  to  form  axile  strands,  in  which  the  individual  bundles  are 
generally  no  longer  distinguishable  from  one  another ;  the  only  known  exception 
to  this  rule  is  constitutea  by  Ranunculus  aquatUis,  In  those  forms  (spedes  of 
Peplis  and  Elatine\  which  have  a  type  of  structure  not  far  removed  from 
that  normally  found  in  Dicotyledons,  a  pith  is  present  within  the  rinc;  of 
wood  and  bast,  while  in  Peplis^  which  belongs  to  an  Order  having  intraxylary 
phloem,  the  latter  is  likewise  found.  In  CaUUriche  there  is  a  reduced  pith, 
composed  only  of  a  small  number  of  cells,  which  subsequently  undergo  resorp- 
tion. Hippuris^  MyriophyllufH,  HoUonia^  Aldrovanda  and  Ceratophyllum  ao 
not  possess  a  true  pith ;   the  vascular  s)^tem  in  these  genera  is  concentric 

^  The  anomalies  preiented  by  the  stractnie  of  the  root  in  port  correspond  to  analogous  features 
in  the  stem,  and,  when  this  is  tlie  case,  they  will  be  discoasea  in  common  with  the  Uuter ;  for  the 
xemaining  featues,  see  f  64,  p.  1168. 

*  H.  Schenck,  VergL  Anat.  d.  subm.  Gew.,  Bibl.  bot.,  Heft  i,  1886,  67  pp.  and  10  Tab. 
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with  central  xylem.  In  Hippuris,  MyruybhyUum  and  Hottonia  the  xylem 
of  the  concentnc  vascular  strand  consists  of  an  apparent  pith  and  of  tracheae 
with  intermingled  wood-parenchyma ;  the  former  is  homologous  with  wood- 
parenchsona,  since  the  first  tracheae,  which  subsequently  become  resorbed, 
develop  in  the  centre  of  this  tissue.  In  Aldravanda  and  Ceratophyllum  (Fig. 
i89»  p.  802)  the  xylem  consists  solely  of  pith-like  wood-parenchyma,  enclosing 
a  central  air-canal,  which  arises  by  the  resorption  of  a  group  of  pnmary  tracheae 

i Aldravanda)  or  of  procambial  cells  devoid  of  annular  or  spiral  thickening 
Ceratophyttum). 

CoNQtracted  vascular  systems,  taking  the  form  of  a  concentric  vascular 
bundle  with  central  xylem,  are  found  al^  in  an  undetermined  species  of  Lei- 
phaimos  (a  saprophytic  member  of  the  Gentianeae,  see  p.  550),  in  certain 
Cuscuteae  (parasitic  forms,  see  p.  syzh  2tnd  in  Peperomia  tenera,  Miq.,  and 
VerhuMia  (Piperaceae,  the  species  in  question  being  neither  aquatics  nor 
parasites  nor  saprophytes). 

Dissociation  of  the  fibrovascular  system  and  mutual  independence  of 
the  wood  and  bast  has  been  observed  among  the  Lentibularieae  in  Genlisea 
(in  the  stem  and  peduncle),  Polypompholyx  (in  the  vegetative  and  flcnral  axes) 
and  Utficidaria  (m  the  axis  of  inflorescence.  Fig.  138,  p.  595) ;  the  groups 
of  wood  and  bast  in  these  genera  are  either  irregularly  scattered  or  show  an 
annular  arrangement,  the  latter  being  the  case  in  Polypompholyx^  in  which 
the  groups  of  soft  bast  are  placed  in  a  ring  and  alternate  with  soUtary  vessels. 
Here  we  may  no  doubt  also  include  those  cases,  in  which  the  vascular  ring 
contains  incomplete  bundles  in  the  form  of  groups  of  soft  bast  or  (Barionia 
vema),  in  addition  to  these,  of  groups  of  v^sels  side  by  side  with  complete 
bundles  (provided  with  xylem  and  phloem) ;  this  feature  has  been  recorded 
in  certain  Cuscuteae  and  in  a  saprophytic  member  of  the  Gentianeae  {Bartonia 
vema).  We  may  finally  mention  the  anomalous  structure  of  the  stem  in  the 
anomalous  genus  Circaeasler,  which  is  appended  to  the  Chloranthaceae  in 
Bentham  and  Hooker's  (jenera  Plantarum ;  the  delicate  stem  in  this  genus 
resembles  the  root  in  containing  a  diarch  vascular  s)rstem. 

§  55.  Axes  showing  Polystelic  Structure  K  Van  Tieghem  has  intro- 
duced the  term  *  stele '  to  designate  the  ring  of  vascular  bundles,  found  in  the 
axis  of  a  normal  Dicotyledon,  together  with  the  pith  enveloped  by  the  vascular 
ring ;  so  that  the  axis  of  Dicotyledons  as  a  rule  has  a  monosteUc  structure. 
When  the  axis  shows  several  steles  in  a  transverse  section,  it  is  said  to  be 
pol)rstelic.  This  structure  arises  in  the  following  way.  The  vascular  sj^tem 
at  the  base  of  the  axis  is  devoid  of  a  pith ;  in  its  further  course  up  the  stem 
it  becomes  band-shaped  and  divides  by  a  median  constriction  into  two  systems ; 
at  a  higher  point  in  the  axis  the  latter  again  become  band-shaped  and  the 
process  of  division  is  repeated,  and  so  on.  In  an  axis  showing  polystelic 
structure  the  individual  steles  are  provided  with  an  endodermis  and  pericjrcle 
of  their  own,  while  a  pith  mayor  may  not  be  present.  In  a  transverse  secticHi 
the  steles  are  either  irregularly  scattered  or  show  an  annular  arrangement, 
while  in  the  vertical  direction  they  anastomose  to  form  a  network.  In  some 
cases,  moreover,  they  are  fused  in  a  transverse  section  so  as  to  form  a  ring, 
which  is  interrupted  at  certain  points  (gamosteUc  structure,  in  contrast  to  the 
dialysteUc  arrangement,  in  which  the  steles  he  isolated  in  a  transverse  secticMi). 

Whereas  pol5rstelic  structure  is  very  widely  distributed  in  the  axes  of 


^  Van  Tiegbem  et  Donliot,  Polyst^lie,  Ann.  sc.  nat.,  s^r.  7,  t.  iii,  1886,  p.  275,  see  also  Ball 
Soc  bot  de  France,  1886,  p.  213;  Scott,  in  Ann.  of  Bot.,  ▼,  1891,  p.  514 ;  Sdionte,  SteUutheorier 
Grooingen  and  Jena,  190a,  175  pp. ;  [Wondell,  Stelar  theonr,  in  New  Phytologisty  1903,  pp.  140-4] ; 
Schindler,  in  Engler,  Bot  Jahrb.,  xxxiv,  1904,  BeibL  77,  p.  07  et  seq. ;  [Hill,  Stdar  theoriet,  Science 
Progrett,!,  1906.  pp.  3t5-4a]. 
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Vascular  Cryptogams  (among  theFems  and  in  Selaginella^  seeLeclerc  du  Sablon, 
in  Ann.  sc.  nat.,  s^.  7,  t.  xi,  1890),  it  is  rare  among  Dicotyledons.  It  has 
been  observed  in  the  following  cases :  in  Victoria  regia  (locally)  and  in  the 
rhizome  of  certain  species  of  Nymphaea  (Nymphaeaceae) ;  in  the  nodes  of 
the  stem  of  Parnassia  (Saxifragaceae) ;  in  the  stolons  of  species  of  Gunnera 
(Halorageae) ;  in  certain  Primulaceae  (species  of  Primula,  belonging  to  the 
section  Auricula,  Fig.  115,  p.  505,  Bryocarpum  and  Dodecatkeon)  and  Acan- 
thaceae  (species  of  DiatUhera)^;  finally,  also  in  the  fruit-stalks  of  certain 
Guttiferae,  Temstroemiaceae,  Malvaceae,  Sterculiaceae,  Meliaceae  and  Mora- 
ceae  • ;  regarding  Pinguicula  (Lentibularieae),  see  p.  591  *. 

A  similar  type  of  vascular  structure,  which,  however,  does  not  fall  under 
the  heading  of  polystely  (among  other  reasons  because  of  the  absence  of  an 
endodermis  around  the  individual  bundles)  and  might  perhaps  be  described 
as  apparent  polystely,  occurs  in  certain  species  of  Leiphaimos  (Gentianeae) 
and  Christisonia  (Orobanchaceae) ;  in  these  genera  concentric  vascular  bundles 
with  central  xylem  are  found  in  the  vascular  ring.  For  a  similar  tj^  of 
structure,  viz.  divided  xylem-masses,  see  §  60. 

§  56.  Medullary  and  Cortical  Vascular  Bundles*  A  considerable 
nimiber  of  Dicotyledons  depart  from  the  ordinary  type  of  structure,  in  the 
fact  that  the  vascular  bundles  are  not  arranged  m  a  simple  ring.  In  some 
of  these  plants  there  are  medullary  bundles  or  cortical  bundles  or  both,  in  addi- 
tion to  the  normal  ring  of  vascular  bundles ;  in  other  cases  all  the  vascular 
bundles  of  the  axis  are  arranged  in  two  or  more  rings,  which  are  sometimes 
not  distinctly  marked  off  from  one  another,  or  the  bundles,  as  seen  in  a  trans- 
verse section,  lie  irregularly  scattered  in  the  ground  tissue.  We  cannot  enter 
into  details  here  as  to  the  nature  (leaf -trace  bundles  or  (rarely)  cauline  bundles) 
and  course  of  these  vascular  strands.  From  the  systematic  point  of  view  the 
features  in  question  are  for  the  most  part  characteristic  of  species  only  and 
rarely  of  genera,  tribes,  or  even  Orders. 

Vascular  bundles,  which  are  irregularly  scattered  in  a  transverse  section  of 
the  stem  or  are  arranged  in  more  or  less  distinctly  marked  rings,  are  found  in  the 
following  genera  and  Orders  respectively:  Actaea,  Cimicifuga,  Thalictrum  (Ranun- 
culaceae) ;  Podophyllum  (Fig.  10,  p.  46),  Jeffersonia,  DiphylUia,  Leontice,  etc.,  see 
p.  821  (Berberideae) ;  Nymphaeaceae  (of.  §  55) ;  Papaver  (Papaveraceae^ ;  Geranium 
(Geraniaceae) ;  Cucurbitaceae ;  Umbelliferae ;  Centaurea,  Scorzonera  fCompositae) ; 
Candollea  (CandoUeaceae) ;  Limnanthemum  (Gentianeae,  in  the  axis  01  inflorescence 
of  the  speK^es  belonging  to  the  section  Nymphaeanthe) ;  Christisonia,  Conopholis, 
Epiphegus  (Orobanchaceae);  Mourera  (Podostemaceae) ;  Hydnora  (Cytinaceae,  in 
the  rhizoid-shoots) ;  Peperomia  (Piperaceae,  Fig.  169,  p.  692) ;  Myzodenaron ;  Balano^ 
phoreae.     See  also  the  list  of  plants  with  medullary  or  cortical  vascular  bundles. 

The  medullary  vascular  bundles,  as  seen  in  a  transverse  section,  are  either 
arranged  in  one  or  several  rings  or  are  irregularly  scattered  ;  it  is  very  rare  to  find 
only  a  single  vascular  bundle  in  the  centre  of  the  pith.  The  meduUary  bundles  are 
either  collateral  or  concentric*  in  structure  and  are  occasionally  reduced  to  small 

'  According  to  Holm,  Bot.  Gaz.  xliii,  1907. 

^  These  anomalies  shonld  perhaps  be  included  in  the  category  of '  divided  xylem-masses  *  (see  f  60). 

^  In  addition  to  mono-  and  polystelic  stmcture  of  the  stem  Van  Tieghem  also  disangaishes 
'  astelic '  stroctnre.  The  structure  of  the  stem  is  said  to  be  astelic,  when  the  vascolar  system,  fouid 
■at  the  base  <xf  the  stem,  becomes  dissolved  into  individual  vascular  bundles  at  a  higher  level,  these 
bundles  showing  an  annular  or  scattered  arrangement  in  the  transverse  section  and  each  having 
its  own  endodermis  and  pericycle.  Astelic  structure  has  been  demonstrated  in:  Ranancalaceae 
{AtumctUy  Erantkis,  Oxygraphis,  Ranunculm  incl.  Ficaria\  Nymphaeaceae,  CheUdomum  maius 
(Papaveraceae),  Byblis  (Droseraceae,  peduncle),  and  TrifoHum  (Papilionaoeae). 

^  De  Baiy,  Vergl.  Anat,  1877 ;  J.  £.  Weiss,  Markstandiges  Gefassbiindelsyst,  Bot  CentralbL, 
1885,  iii,  p.  28oetseq. ;  Col,  Faisceaux  m^uUaires,  Joum.de  bot.,  xvi,  190a,  pp.  334-55;  Col^ 
Disposition  des  fusceaux,  Ann.  sc.  nat,  s^.  8,  t.  xx,  1904,  pp.  1-288;  Van  Ti^hem,  Meiistilet 


cort,  Ann.  sc  nat,  i^.  9,  t.  i,  1905,  pp.  33-44. 

^  M5biu6,  in  Ber.  deutsch.  bot.  Gesellscb.,  1887, 


p.  3  et  seq. 
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groups  of  8oit  bast,  bundles  of  fibres,  etc.  Medullary  bundles  showing  collateral 
structure  are  generally  normally  orientated  (i.  e.  their  xylem  lies  on  the  inner,  their 
phloem  on  the  outer  side),  but  in  some  cases  they  are  inversely  orientated  (i.  e.  tiie 
phloem  lies  on  the  inner  side).  The  concentric  medullary  bundles  have  either  central 
xylem  or  central  phloem.  The  apparent  bicollateral  bundles  of  the  pith  are  pro- 
duced by  the  fusion  of  the  contiguous  xylem-groups  of  two  collateral  vascular 
bundles. 

In  most  cases  the  medullary  vascular  bundles  are  of  the  nature  of  leaf-traces ; 
for  details,  see  J.  £.  Weiss,  loc.  dt.  The  vascular  bundles  or  bundles  of  soft  bast, 
which  occur  in  the  pith  in  members  of  Orders  having  intraxylary  phloem  and  are 
included  in  the  following  list,  do  not,  strictly  speaking,  belong  to  this  category 
(see  also  |  57).    Some  of  these  medullary  bundles  are  branches  of  the  intraxylary 

! phloem,  situated  at  the  margin  of  the  pith,  the  primary  tracheae  occasionally 
especially  in  the  Melastomaceae)  accompanying  the  phloem  in  its  passage  into 
the  pith  ;  in  other  cases  they  arise  from  the  intraxylary  soft  bast,  owing  to  tiie  fact 
that  the  cambium  of  the  latter  not  only  produces  bast  internally,  but  also  woody 
tissue  externally,  so  that  the  bundles  ot  soft  bast  at  the  margin  of  the  pith  become 
transformed  into  inversely  orientated  vascular  bundles.  For  the  apparent  medul- 
lary vascular  bundles,  which  occur  in  certain  Nyctagineae,  Amarantaceae  and 
Chenopodiaceae  with  anomalous  structure,  see  |  59  ^.  1 165). 

Medullary  vascular  bundles  have  been  observea  in  the  following  Orders  and 

?enera respectively:  Ranunculaceae  (Anewume^  Delphinium^  Hydrastis^  daucidium); 
^ruciferae  (rhizome  of  the  kohl-rabi  and  of  Cochlearia  Armoracia,  concentric); 
Vochysiaceae  (in  Trigoniastrum,  inversely  orientated ;  phloem-bundles  in  other 
members  of  the  Order) ;  Caryophylleae  {Acanthaphyllum^  inversely  orientated) ; 
StercuUaceae  {Leptonychia,  concentric  with  central  phloem);  Luxemburgiaceae 
(Godoyeae,  composed  of  vessels  and  fibrous  cells  or  of  a  phloem-group  and  fibrous 
cells);  Burseraceae  {Canarium^  inv.  orient.);  Oladneae  {Jodes,  inv.  orient.); 
Sapindaceae  {Toulicia,  Guioa,  and  MischocarpuSf  often  reduced  to  bundles  of 
fibres) ;  Melianthaceae  (Melianthus  and  Bersama,  concentric  with  central  phloem ; 
sometimes  reduced  to  bundles  of  fibres.  Fig.  54,  p.  241) ;  Mimoseae  (Elephantorrhiia, 
concentric  with  central  phloem) ;  Saxifragaceae  (Saxifraga^  Rodgersia,  FeltiphyUttm) ; 
Melastomaceae  (very  common,  in  connexion  with  the  intraxylary  phloem  ;  occa- 
sionally reduced  to  phloem-bundles) ;  Onagrarieae  (p^hloem-bunmes,  in  connexion 
with  the  intraxylary  phloem) ;  Hsdorageae  {Gunnera^  inv.  orient.) ;  Passifloraceae  ? 
{Passiflora  f) ;  Cucuroitaceae  {Coccinia,  Cucurbita,  KedrosHs^  MeloU^ria,  Wilbrandia^ 
inv.  orient.,  in  connexion  with  the  intraxyl.  pbL — SioinuUra,  inv.  orient.,  here  arising 
subsequently  on  the  inner  side  of  originally  collateral  vascular  bundles) ;  Begoniaceae 
{Begonia,  sometimes  concentr.  with  central  phloem) ;  Cacteae  {Mammillaria,  Echino- 
cactus,  Echinopsis,  Cereus) ;  Umbelliferae  (common,  in  part  inv.  orient,  concentr.  with 
central  phloem  or  apparently  bicollateral) ;  Araliaceae  {Aralia  and  ArthrophyUum 
with  varied  orientation  of  wood  and  bast,  Aralidium  with  bundles  of  fibres ;  for  the 
rest,  see  pp.  4^1,  946) ;  Compositae  (very  widely  distributed  in  the  Cichoriaceae, 
here  in  paurt  reduced  to  phloem-bundles;  rare  in  other  Compositae) ;  Candolleaceae 
{Candouea,  see  above) ;  Goodeniaceae  {Goodenia,  Selliera,  Distylis,  penetrating  into 
the  normal  ring  of  vascular  bundles.  Fig.  107,  p.  472) ;  Campanmaceae  (pmoem- 
bundles  common,  in  part  at  the  margin  of  the  pititi ;  sdso  inv.  orient,  and  concentr. 
vascular  bundles,  the  latter  with  central  phloem);  Plumbagineae  {StaHce  and 
Acantholimon,  concentr.  or  inv.  orient.) ;  Apocynaceae  (in  Willaughbeia  and  species 
of  Apocynum  an  inv.  orient,  ring  of  vascular  bundles,  arising  m>m  the  intraxyL 
phloem ;  not  uncommonly  also  medullary  phloem-bundles,  as  branches  of  the  intraxyl. 
phloem) ;  Asclepiadeae  (Periploca  with  formation  of  wood  from  the  cambium  of  the 
intraxyl.  phloem ;  medullary  phloem-bundles,  as  in  the  Apocynaceae) ;  Loganiaceae 
(Anthocletsta  with  medullary  vascular  bundles, — species  of  delsemium  and  Sfngeii^ 
with  inv.  orient,  vascular  bundles,  arising  from  the  intraxyl.  phloem, — in  addition  to 
that  phloem-bundles,  as  in  the  Apoc3maceae) ;  Gentianeae  (Geniiana  with  medullary 
vascular  bundles  or  phloem-bundles, — ^in  addition  to  that  phloem-bundles,  as  in  ttus 
Apocynaceae) ;  Convolvulaceae  (in  Argyreia,  Erycibe,  Evolvulus,  HewitHa,  Neuro- 
pilHs,  Prevostea  and  SHciocardia  an  inv.  orient,  ring  of  vascular  bundles,  formed 
from  the  intraxyl.  phloem ;  normal  medullary  vascular  bundles  in  Rivea) ;  Solanaceae 
{Anthoiroche  with  a  sUght  formation  of  wood  from  the  cambium  of  the  intraxyL 
phloem ;  medullary  phloem-bundles,  as  in  the  Apocynaceae) ;  Orobanchaceae 
(Orobanche,  Cistanche) ;  Gesneraceae  {Klugia,  Rhynchoghssum,  ManophyUaea,  also 
the  tubers  of  Coletts) ;  Bignoniaceae  (Campsis,  inv.  orient.) ;  Acanthaceae (AcanlkuSi 
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Mendoncia,  Pseudocalyx  and  Thunbergia,  inv.  orient) ;  Verbenaceae  {TeijsmanniO' 
dendron) ;  Plantagineae  {Plantago,  cambiform-  and  phloem-bundles) ;  Nyctagineae 
(apparent  and  ?  true  medullary  vascular  bundles,  common) ;  Amarantaceae  (true 
and  apparent  medullary  vascular  bundles) ;  Chenopodiaceae  (as  in  the  Amaranta- 
ceae) ;  Phytolaccaceae  {Phytolacca,  concentr.  with  central  phloem) ;  Polyeonaceae 
(Rheum  and  Rumex^  inv.  orient,  concentr.,  etc) ;  Aristolochiaceae  (Anstolochia 
triangularis^  Fiff.  167,  p.  686,  here  as  a  secondary  formation,  which  only  develops 
after  the  splittmg  up  of  the  ring  of  vascular  bundles) ;  Piperaceae  {Piper  incU 
Heckeria  and  Macropiper,  see  Fig.  169,  p.  692) ;  Thymelaeaceae  {Aquilaria  with 
secondary  development  of  wood  from  the  serial  cambium  of  the  intraxyl.  phloem) ; 
Myzodenaron  (species  of  the  section  Eumyzodendron,  Fig.  178,  p.  735) ;  Bedanopho- 
reae ;  Euphorbiaceae  {Ricinus) ;  Cupuhierae  {Alnus,  cauline  bundles,  which  are 
only  developed  as  an  exception). 

The  cortical  vascular  bundles^  generally  have  collateral  structure,  and  are 
then  either  normally  or  inversely  orientated ;  cortical  bundles  with  concentric 
structure  are  rare,  and  the  same  is  true  of  the  reduction  of  cortical  bundles  to 
phloem-bundles.  Cortical  bundles  have  been  found  in  the  following  Orders  or  genera : 
Kanunculaceae  {Paeonia) ;  Calycanthaceae  (inv.  orient  and  showing  secondary 
growth,  universally  distributed.  Fig.  3,  p.  25);  Cruciferae  {Eruca,.  Lepidium) ; 
Violarieae  (all  Sauvagesieae) ;  Tremandreae  {Tetratheca  with  winged  band-shaped 
axes) ;  Strasburgeria ;  Dipterocarpeae  (universally  distributed) ;  Lc^hira  ;  Monotes ; 
Rhaptopetalaceae  (two  cortical  vascular  bundles  of  quite  general  occurrence) ; 
lineae  {Aneulophus,  Erythroxylon) ;  Ochnaceae  sens.  str.  (universally  distributed) ; 
Luxemburgiaceae  (universally  distributed) ;  WaUacea  ;  Papilionaceae  (species  with 
decurrent  foliar  wings  on  their  axes ;  species  of  Cytisus,  Genista  and  Retama 
with  reduced  leaves  and  furrowed  stems ;  Borbonia  and  Viborgia ;  Vicieae) ; 
Saxifragaceae  {Peltiphyllum) ;  Crassulaceae  {Sempervivum,  Sedum  and  Rochea, 
concentr.  with  central  xylem) ;  Droseraceae  {Drosophyllum,  inv.  orient) ;  Lecythi- 
daceae  (inv.  orient,  in  the  Barringtonieae,  normally  orient  in  the  remaining  members 
of  the  Order) ;  Melastomaceae  (common) ;  Tumeraceae  {Piriqueta) ;  Begoniaceae ; 
Cacteae  {Rhipsalis,  Lepismium,  Pfeiffera,  and  Phyllocactus,  forming  a  plexus  and 
showing  growth  in  thickness) ;  Ficoideae  {Mesembryanthemum,  reticulate) ;  Umbel- 
hferae  {Mulinum,  Siler  and  Eryngium,  in  t^e  last  genus  forming  contracted  vascular 
systems  composed  of  several  bundles,  which  have  a  certain  similarity  to  the  peri- 
pheral xylem-masses  of  certain  Serjanias) ;  Araliaceae  {Oreopanax  and  the  anoma- 
lous genus  Aralidium,  see  p.  946) ;  Comaceae  (Mastixia) ;  Rubiaceae  {Sickingia) ; 
Compositae  {Achillea,  Ammobium,  Anthemis,  Atractylis,  Centaur ea,  Cynara,.  Gun- 
delia,  Helenium,  Madia,  Senecio) ;  Candolleaceae  {Candollea  ?,  rightly  included  here?, 
see  p.  963,  and  |  58) ;  Campanulaiceae  (species  of  Campanula,  here  concentr.  and  like 
those  of  Eryngium ;  Lobelia  Rhynchopetalum  with  concentr.  cortical  vascular  bundles, 
resembUng  those  of  a  Cycas) ;  Lennoaceae  {Ammobroma,  Lennoa) ;  Plumbagineae 
{Aegialitis,  Armeria,  Limoniastrum,  Statice) ;  Primulaceae  (*  r6seau  radicif^re '  in 
the  root-stock  of  the  species  of  Primula  of  the  sections  Auricula  and  Officinales 
and  of  Bryocarpum  and  Dodecatheon) ;  Asclepiadeae  (rhizome  of  Tylophora) ; 
Loganiaceae  {Anthocleista,  concentr.) ;  Gentianeae  (Menyanthoideae,  viz.  Limnan- 
themum,  Menyanthes  and  Villarsia) ;  Lentibularieae  (root-stock  of  Pinguicula  with  a 
'r6seau  radicif^re');  Gesneraceae  {Rhynchoglossum) ;  Verbenaceae  (species  with 
winged  stems) ;  Plantagineae  {Plantago,  cambiform-bundles  and  vasculsu:  bundles) ; 
Chenopodiaceae  (Salsoleae  and  Salicomieae,  in  part  normally,  in  part  inv.  orient) ; 
Polygonaceae  {Calligonum,  Fig.  162,  p.  67^  ;  Rumex,  here  in  the  pericycle) ; 
Nepenthaceae  {NepetUhes) ;  Penaeaceae  (angles  of  the  stem  of  Endonema) ;  Bala- 
nophoreae  (see  p.  738) ;  Euphorbiaceae  (Euphorbia) ;  Buxaceae  (species  of  Buxus, 
belonging  to  the  sections  Eubuxus  and  Notobuxus) ;  Casuarineae  (Fig.  186,  p.  788). 

For  the  occurrence  of  sieve-tubes,  which  are  situated  outside  the  limits  of  the 
vascular  system,  in  the  Cucurbitaceae,  see  p.  396. 

§  57.  Intraxylary  Phloem  \    The  term  *  intraxylary  phloem '  is  here 

*  For  their  course,  see  especially  De  Bary  and  J.  £.  Weiss,  li.  cc. 

*  Petersen,  BicoU.  Gefassb.,  in  Engler,  Bot  Jahrb.,  iii,  i88a,  pp.  359-400  and  Tab.  iv-vili,  see 
also  BicoU.  Karbnndt,  etc.,  Diss.,  Copenhagen,  i88a  ;  J.  £.  Weiss,  Markst  Gefassbiindelsystem, 
Bot.  Centralbl.,  1883,  iii;  Solereder,  Holzstr.,  1885,  p.  a; ;  H^rail,  in  Ann.  sc.  nat.,  s^r.  7,  t.  ii, 
1885,  p.  a67 ;  Lamoonette,  in  Ann.  sc  nat.,  s^r.  7,  t.  x,  1890,  p.  193 ;  Scott  and  Brebner,  in  Ann.  of 
Bot,  V,  1891,  p.  359;  Van  Tieghem,  in  Jonm.  de  bot.,  1891,  p.  117 ;  Perrot,  Tlssn  cribl^,  Th^^ 
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taken  in  a  general  sense  to  include  those  groups  of  soft  bast,  which  are  situated 
internally  to  the  ring  of  vascular  bundles ;  in  their  further  course  these  phloem- 
groups  bend  out  into  the  leaves  together  with  the  leaf-trace  bundles,  on  the 
inner  side  of  which  they  are  situated,  so  that  it  is  possible  to  trace  them  in 
a  corresponding  position  into  the  petiole  and  commonly  also  into  the  larger 
or  ev«i  the  finer  veins  of  the  leaf.  The  groups  of  internal  phloem,  moreover, 
appear  to  be  characterized  by  the  fact  that  they  are  generally  differentiated 
only  at  a  slightly  later  stage  tiian  the  outer  phloem-groups. 

As  a  general  rule  the  course  of  the  bundles  of  intraxylary  phloem  serves 
to  distinguish  them  sharply  from  medullary  vascular  bundles  and  medullary 
phloem-bundles.  The  medullary  phloem-bundles,  which  are  found  in  the 
Cichoriaceae  and  Lobeliaceae  and  which,  in  the  absence  of  an  investigation 
of  their  course,  might  be  regarded  as  intraxylary  phloem,  are  of  an  essentially 
different  nature ;  they  belong  to  the  normally  constructed  ring  of  vascular 
bundles  from  which  ^oups  of  phloem  bend  out  secondarily  into  the  pith  \ 

The  differentiation  of  the  intraxylary  phloem  varies.  It  either  forms 
a  ring  of  tissue  at  the  margin  of  the  pith,  or  appears  in  the  shape  of  isolated 
bundles,  which  vary  very  much  in  size  (massive  or  very  small)  and  lie  opposite 
the  primary  portions  of  the  vascular  bundles.  In  the  latter  case  the  intraxylary 
phloem  is  either  closely  apposed  to  the  xylem  of  the  vascular  ring,  the  bundles 
of  which  are  then  said  to  be  bicoUateral,  or  it  is  separated  from  the  xylem 
by  one  or  more  layers  of  parenchymatous  cells.  Portions  of  the  intraxylary 
phloem  may  be  given  off  as  branches,  and  these  strands  of  phloem  are  occa- 
sionally (e.g.  in  many  Melastomaceae)  accompanied  by  the  primary  tracheae, 
so  that  phloem-bimmes  or  vascular  bundles  appear  in  the  middle  of  the  pith 
(cf.  §  56,  p.  1 158).  Hard  bast  is  frequently  present  at  the  inner  margin  of  the 
internal  phloem.  In  many  cases,  moreover,  a  cambium  develops  at  the  outer 
boundary  of  the  intraxylary  phloem  ;  this  cambium  produces  secondary  soft 
bast  on  its  inner  side  and  occasionally  leads  to  such  an  extensive  increase  of 
the  intraxylary  phloem  that  the  innermost  portions  of  the  latter  become  com- 
pressed so  as  to  resemble  horn-bast.  In  a  few  cases  (in  certain  Cucmrbitaceae, 
Apocynaceae,  Asclepiadeae,  Loganiaceae,  (x)nvolvulaceae,  Solanaceae,  Thyme- 
laeaceae ;  regarding  this  point  cf .  §  56,  p.  1158)  this  cambium  produces  xyl«n 
cm  its  outer  side,  so  that  medullary  vascular  bundles  with  inverse  orientatM;m 
of  the  wood  and  bast  are  formed  ;  these  bundles  must  be  distinraished  from 
the  medullary  vascular  bundles  of  Campsis  radicans,  &c.  (see  §  56). 

Intraxylary  phloem  is  found  in  the  following  Orders,  being  constantly  present  as 
a  rule  in  those  inmcated  by  a  ♦  :  ♦Vochysiaceae  (excl.  Trigoniaceae),  •Comoretaceac 
(excl.  MacropUranthes  and  the  Gyrocarpeae),  *Myrtaceae  sens,  str.,  *Melastomaceae, 
♦L)rthrarieae  (incL  Punica  and  Olinia),  *Onagrarieae  (incl.  Trafa)^  ♦Cucurbitaccac 
(excl.  the  tribes  Gynostemmeae,  Zanonieae  ?  and  Feuilleae ;  the  intraxylary  phloem 
sometimes  arising  only  at  a  late  stage),  ♦Apocynaceae,  *Asclepiadeae,  Loganiaceae 


Puis,  1899,  p.  167;  Baranetzky,  False,  bicoll.,  Ann.  sc.  nat.,  s^r.  8,  t  xii,  1900,  pp.  261-332  and 
pL  vii-x ;  Viret,  Liaisons  dn  Dhloeme  m^,  perim^.  et  interlignenx  avec  Ic  liber  normal,  Travtux 
Inst,  hot  Univ.  Geneve,  s^.  6,  Fasc.  vi,  1904,  100  pp. 

1  The  delimitation  of  what  is  known  as  '  intraxylary  phloem  *  from  the  groups  of  noedullaiy  soft 
bast,  discussed  in  the  previous  section,  has  not  yet  been  quite  finally  accomplished,  owing  to  the  fiKt 
that  the  course  of  the  mtraxylary  soft  bast,  in  the  various  Orders  m  which  it  occurs,  has  not  by  toy 
means  been  sufficiently  investigated  up  to  the  present  In  the  case  of  some  of  the  Thjrmelaeacese 
Van  Tieghem  has  shown  that  the  groups  of  intraxylary  soft  bast  do  not  pass  out  into  the  leaf.  The 
necessity  of  investigating  the  course  of  these  strands  of  phloem  is  shown  by  the  cases  {CamfanuU 
pyraniidalis  and  Lactuca  perenms\  mentioned  by  J.  E.  Weiss ;  here  one  finds  medullary  poloem- 
bundles,  which,  as  shown  by  their  course,  correspond  in  part  to  intraxylary  phloem  and  in  part  to 
the  ordinary  medullary  phloem -bundles  of  the  Campanulaceae  and  Cichonaceae  (see  above).  In 
the  subsequent  list  of  Orders  having  intraxylary  phloem  these  two  cases  are  not  further  considered  for 
the  sake  of  convenience. 
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(*Loganioideae),  *Gentianeae  (excl.  Menyantheae,  for  the  apparent  exception  *Lm- 
phaimos,'  see  p.  994)*  *Convolvulaceae  (incl.  Nokmeae  and  excl.  HumberHa  and 
the  Cuscuteae),  *Sokmaceae  (excl.  Retxia),  Acanthaceae  (*Barlerieae,  Nelsania), 
Myoporineae  (Oftia),  *Basellaceae  (correctly  included  here  ?,  intraxylary  phloem 
namely  developing  at  a  late  stage),  Polygonaceae  (Emex^  etc.,  really  intraxylary 
phloem?),  ♦Thymelaeaceae  (excl.  Drapetes)^  ♦Penaeaceae,  Euphorbiaceae  (♦Eucro- 
toneae  excl.  species  of  Croton  of  the  section  Astraea  ;  Alchamea,  Conceveiba,  Lepi- 
doturus,  Pera,  Mallotus  pro  parte ;  Dactylostemon,  Mabea,  Senefeldera,  Sebastiania 
pro  ]^Lrte). 

The  great  systematic  value  of  the  intraxylary  phloem  is  sufficiently  evident 
from  the  preceding  table.  Thus,  it  often  constitutes  an  ordinal  character  ;  it  is  fre- 
quently found  in  groups  of  aUied  Orders  ;  the  Scrophularineae  and  Solanaceae  are 
sharply  distinguished  by  the  absence  and  presence  respectively  of  intraxylary 
phloem,  &c. 

We  may  add  here  that  intraxylary  phloem  only  rarely  occurs  in  the 
root  (in  certain  species  of  Oenothera^  Vinca^  Strychnos  and  Chironia^  and  in 
those  Cucurbitaceae,  which  have  a  pith).  In  most  cases  we  find  the  internal 
phloem  passing  to  the  outside  (simultaneously  with  the  primary  vessels)  already 
in  the  region  of  the  hypocotyl,  the  intraxylary  phloem  then  entering  into  con* 
nexion  with  the  outer  phloem  of  the  root.  In  other  cases  the  intraxylary 
phloem  is  continued  into  the  root  as  interxylary  phloem  (e.  g.  in  species  of 
Oenothera^  cf.  §  58,  p.  1162) 

§  58.  Interxylary  Phloem  ^.  The  term  '  mterxylary  phloem  '  is  used 
to  denote  groups  of  soft  bast,  which  are  enclosed  in  the  wood  of  the  vascular 
rin^.  In  the  previous  summary  (see  *  Systematische  Anatomic,'  German 
Edition,  1899,  pp.  972  et  seq.)  we  followed  the  example  of  H.  Schenck  in  dis- 
tinguishing three  types,  but  in  view  of  Leisering's  researches  these  are  better 
comprised  in  the  following  two  tj^pes.  In  the  first  type,  which  may  retain 
the  earlier  name  of  *  5^rycAnos-type,'  the  groups  of  interxylary  soft  bast  are 
given  off  by  the  cambium  on  its  outer  side  in  a  perfectly  normal  manner,  as  is 
generally  the  case  with  the  soft  bast ;  subsequently,  however,  these  groups 
of  phloem  become  bridged  over  by  a  cambial  arc,  which  develor»  in  the  peri- 
cycle  on  their  outer  side  ;  as  a  result  of  the  activity  of  this  cambial  arc,  which 
produces  wood  internally  and  bast  externally  in  the  ordinary  way,  the  groups 
of  interxylary  phloem  become  sunk  in  the  xylem-mass.  A  modification  of 
this  type  is  found  in  the  cases  mentioned  below  as  occurring  in  certain 
Acanthaceae,  Apocynaceae  and  Bignoniaceae ;  here  the  groups  of  soft  bast 
(which  play  a  part  m  the  formation  of  the  furrows  (see  §  61)  in  the  xylem)  are 
not  embedded  in  the  wood  by  the  agency  of  new  cambial  arcs,  but  secondarily 
by  the  production  of  tissue  formed  from  a  proliferation  of  the  strips  of  cambium, 
situated  on  either  side  of  the  furrows ;  a  modification  of  the  first  tjrpe  is  like- 
wise constituted  by  the  anomaly,  found  in  CusctUa  japonica  (see  p.  1004).  In 
the  second  tjrpe,  which  includes  both  the  other  cases  previously  distinguished, 
the  islands  of  interxylary  soft  bast  arise  by  the  subsequent  differentiation  of 
sieve-tubes  in  groups  of  thin- walled  tissue,  which  are  given  off  by  the  cambium 
on  its  inner  side,  together  with  the  secondary  wood.  These  groups  of  tissue 
are  composed  of  cells,  which  at  first  have  the  character  of  unlignified  elements 
of  the  wood-parenchjmia.  Their  transformation  into  phloem  may  commence 
at  a  rather  early  stage,  viz.  immediately  after  they  are  produced  by  the  cam- 
bium, in  which  case  the  groups  of  interxylary  phloem  may  be  said  to  be 

>  Solereder,  Hokstr.,  1885,  p.  32;  Herail,  in  Ann.  sc.  nat.,  i^r.  7,  t.  ii,  1885,  p.  356; 
Scott  and  Brebner,  in  Ann.  of  bot,  iii,  1889,  p.  375 ;  Van  Tiegbon,  in  Jooin.  de  bot,  1891 ; 
Chodat,  in  Arch.  ic.  phys.  et  nat.  Geneve,  189a,  '  *"        -     ^  -  - 

p.  144 ;  H.  .Schenck,  Anat.  d,  Lianen,  1893,  p.  i; 
Leisering,  Entwicklungsgeschichte  des  interxyl. 
50  pp.,  2  Tab.,  also  in  Bot  Centralbl.,  1899,  iv. 
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S'ven  off  by  the  cambium  on  its  imier  side  (i.  e.  the  ilf Kcwiw-type  jMreviously 
stinguished),  or  it  may  be  postponed  until  a  relatively  late  stage  (this  being 
the  case  formerly  distinguished  as  '  development  of  inten^lary  phloem  by  the 
subsequent  differentiation  of  sieve-tubes  in  islands  of  nnlignined  tissue,  which 
are  situated  in  the  xylem-mass ').  These  two  cases  are  connected  with  one 
another  by  transitions,  and  it  is  only  the  extreme  forms  that  can  be  jM-operly 
distinguished  from  each  other. 

It  may  once  more  be  emphasized  that  the  two  types  of  interxylary  phloem 
above  described  are  perfectly  different  structures.  lYactical  considerations 
alone  lead  me  to  discuss  them  in  the  same  paragraph  and  to  class  them  together 
as  interxylary  phloem,  since  it  is  not  alwa)^  possible  to  determine  their  course 
of  development  in  the  material,  which  suffices  for  the  mere  demonstration 
of  the  anatomical  features  in  question ;  moreover,  the  development  of  the 
interxylary  phloem  has  not  been  investigated  in  all  cases.  Axes  having  inter- 
xylary phloem  of  the  S<rycA«os-type  are  very  closely  related  to  the  axes  show- 
ing the  anomaly  discussed  in  §  59,  in  which  successive  annular  or  arc-shaped 
Soups  of  wood  and  bast  arise  in  the  pericycle.  The  only  essential  difference 
itween  the  two  types  of  anomalies  hes  in  the  fact  that  m  Strvchnos^  &c.»  the 
successive  extinction  and  renewal  of  the  cambium  is  confined  to  very  small 
portions  of  the  original  cambial  rings,  while  in  the  second  case  it  affects  the 
entire  cambial  ring  or,  at  least,  relatively  extensive  arcs  of  cambium.  The 
occurrence  of  transitional  forms  between  the  two  kinds  of  anomalies  (see 
Hippocrateaceae)  is  in  agreement  with  this  close  relationship. 

0)nsidered  from  the  systematic  point  of  view,  the  occurrence  of  interxylary 
phloem  is  mostly  constant  throughout  all  the  species  of  a  genus.  It  generally 
appears  already  m  the  first-formed  mass  of  secondary  wood,  and  is  consequently 
developed  in  large  quantity  in  the  branches  of  herbarium-material.  In  other 
species,  however,  it  arises  only  at  a  late  stage  and  in  such  a  case  is  not  to  be 
found  in  herbarium-material.  It  follows  that  if  interxylary  phloem  can  he 
demonstrated  only  in  some  of  the  species  of  a  genus,  when  herbarium-material 
is  being  examined,  it  need  not  necessarily  be  al^ent  in  the  remaining  species. 
Judging  by  the  experience  gained  in  the  investigation  of  the  species  of  S^ychnos 
(see  p.  546),  it  is  far  more  probable  that  interxylary  phloem  occurs  also  in 
those  species,  in  which  it  is  not  developed  in  herbarium-material,  but  that 
it  arises  only  in  the  later  growth  of  secondary  wood.  Interxylajy  phloem 
is  pjarticularly  widely  distributed  in  genera  belonging  to  Orders,  which  are 
distinguished  by  the  possession  of  intraxylary  phloem.  The  species  provided 
with  interxylary  phloem  may  or  may  not  be  nanes.  In  those  (5rders,  m  which 
several  genera  have  interxylary  ptdoem,  its  mode  of  origin,  as  far  as  the 
hitherto  published  investigations  show,  is  generally  the  same  in  all  cases. 

The  islands  of  interxylary  soft  bast  vary  in  size,  sometimes  (e.g.  in  many 
Barlerieae)  even  being  very  small ;  in  a  transverse  section  they  are  (mostly) 
rounded  or  (more  rarely)  elongated  in  the  form  of  tangential  bands  and  arc 
conunonly  arranged  in  concentric  rings.  The  groups  of  interxylary  soft  bast, 
foimd  in  Condylocarpon  (Apoc)maceae,  Fig.  123,  p.  533)  and  certain  Bignonia- 
ceae,  are  peculiar  in  being  elongated  in  the  radial  direction  ;  the  development 
of  phloem-islands  in  these  cases  is  connected  with  the  formation  of  furrows 
in  the  wood  (see  above,  and  pp.  533  and  605).  Bast-fibres  are  rarely  (Aqui- 
larieae)  found  in  the  groups  of  interxylary  pUoem. 

Interxylary  phloem  occurs  not  only  in  the  stem,  but  also  in  the  root. 
The  development  of  the  interxylary  phloem  in  the  latter  conforms  to  the  same 
two  types,  as  have  been  distinguished  in  the  stem.  In  some  cases  the  islands 
of  soft  bast  found  in  the  wood  of  the  root  appear  as  downward  prolongations 
of  the  strands  of  intraxylary  phloem  occurring  in  the  stem  (cf.  §  57,  p.  1161). 

Interxylary  phloem  has  been  found  in  the  stem  or  root,  or  in  both,  in  the  foUow- 
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ing  Orders  and  genera  respectively*:  Vochysiaceae  (Erisma,  subseq.  diflf.);  Hyperi- 
cineae  (Endodesmia) ;  Msupighiaceae  (Dicella  and  SHgmaphylhn,  subseq.  difi.) ; 
Olacineae  {SarcosHgma^  Str.-t^rpe;  Chlamydocarya) ;  Hippocrateaceae  (Salacia, 
Str.'type,  Fig.  51,  p.  217) ;  Papiiionaceae  {Dioclea,  Mucuna  and  Phaseolus,  subseq. 
diff.) ;  Mimoseae  (Entada^  subseq.  diff.) ;  Combretaceae  {Calycofteris^  Combretum 
and  Guiera,  Str.-type;  Thiloa);  Alelastomaceae  {Memecylon,  Mouriria^  Kibessia, 
Ptemandra^  Str.-type  5  wood  of  the  root  of  Memecylon) ;  Lythrarieae  (wood  of  the 
root  of  Lythntm,  subseq.  difi.) ;  Onagrarieae  (wood  of  the  stem  and  root  of  Oenothera 
and  Epilobium^  and  wood  of  the  root  of  Gaura  and  Lopena,  probably  always  subseq. 
diff.) ;  Cucurbitaceae  (wood  of  the  root  of  Cucurbita  and  Thladiantha^  subseq.  difi., 
in  part  as  a  continuation  of  the  intraxylary  phloem  of  the  stem) ;  Candolleaceae? 
{CandoUea,  really  intencylary  phloem  ?,  see  p.  963  and|  56 under  '  cortical  bundles') ; 
Plumbagineae  (in  the  anomalous  growth  of  the  wood  ot  A  egialiHs,  cf.  1 59) ;  Salvado- 
raceae  (Salvadora,  subseq.  diff. ;  Dobera,  Platymitium ;  wocxlof  Uie  root oiSalvadora); 
Apoc3niaceae  {Condylocarpon,  in  connexion  with  the  formation  of  furrows  in  the 
wood ;  Lyonsia,  sul^eq.  diff.) ;  Asclepiadeae  (*  Ceropegia  macrocarpa,'  subsea.  difF. ; 
lower  part  of  the  stem  and  root  of  Asclepias  obtiistfolia,  Michx.,  subseq.  oifF.,  in 
the  root  also  as  a  continuation  of  the  intraxyla^  phloem  of  the  stem ;  wood  of 
the  root  of  Asclepias  syriaca^  subseq.  diflf. ;  wood  of  the  root  of  Morrenia  brachy- 
Stephana);  Loganiaceae  (Strychnos,  Str.-type;  Antonia^  Norrisiat  Bonyunia, 
Logania) ;  Gentianeae  {Chironia^  Crawfurdia,  Ixanthus  and  Orphium  ;  wood  of  the 
root  of  very  many  Gentianoideae,  see  p.  995,  probably  in  all  cases  subseq.  diflf.); 
Convolvulaceae  (hypocotyl  of  Ipomoea  versicolor,  subseq.  diflf.) ;  Cuscuteae  (Cuscuta 
faponica,  see  p.  1004) ;  Solanaceae  (wood  of  the  root  of  AUropa,  Datura  and  Scopolia, 
subseq.  diflf. ;  wood  of  the  root  of  Browallia) ;  Bignoniaceae  (embedded  bast-wedges 
in  DisHcHs^Haplolophium?  and  Pithecoctenium);  Acanthaceae  (Barlerieae,  in  Bar/ma 
subseq.  diflf. ;  Thunbergia,  subseq.  diflf..  Fig.  147,  p.  622,  sometimes  developing  from 
wedges  of  soft  bast) ;  Thymelaeaceae  {Aquilaria,  Gyrinops,  Gyrinopsis  and  Lino- 
stoma,  subseq.  diflf. ;  Br  achy  thalamus,  Lophostoma,  Synaptolepis) ;  Loranthaceae 
{Nuytsia,  Str.-tjrpe) ;  Euphorbiaceae  (Dalechampia,  subseq.  din.). 

In  connexion  with  the  groups  of  interxylary  soft  bast  of  the  second  type 
(i.  e.  those  arising  secondarHy  from  groups  of  unlignified  wood-parench)mia), 
we  may  notice  the  occurrence  of  interxylary  vascular  bundles,  showing  con- 
centric structure  with  central  phloem,  in  the  rhizome  of  Cochlearia  Armoracia 
and  in  the  roots  of  certain  other  Cruciferae  (J.  E.  Weiss).  These  bundles  take 
their  origin  from  groups  of  phloem,  which  develop  secondarily  in  the  wood- 
parenchyma  and  suteequently  become  enveloped  by  a  ring  of  cambium,  ^rtiich 
gives  oflf  wood  on  its  outer  side. 

§  59.  Successive  Development  of  Secondary  Groups  of  Wood  and 
Bast  K  The  development  of  successive  secondary  groups  of  wood  and  bast 
has  been  observed  both  in  lianes  and  in  non-lianes  and  is  either  characteristic 
of  species  only  or  serves  to  distinguish  genera  or  even  Orders.  The  diverse 
appearance  presented  by  the  axes,  which  show  this  anomaly,  depends  on  the 
time  at  which  the  latter  appears,  as  well  as  on  the  place  of  origin,  the  shape 
and  the  mode  of  differentiation  of  the  secondary  groups  of  wood  and  bast. 
The  formation  of  the  secondary  groups  sometimes  takes  place  at  a  very  early 
period,  while  in  other  cases  they  only  arise  at  a  very  late  stage  ;  it  is  only  in  the 
former  case  that  the  anomaly  can  be  demonstrated  in  herbarium-material. 
The  secondary  groups  of  wood  and  bast  either  form  (a)  complete  rings  (successive 
zones  of  growth),  which  are  arranged  concentrically  with  reference  to  the  ring 
of  primary  vascular  bundles,  or  (6)  segments  of  such  rings,  or  (c)  mere  strands, 
which  occasionally  project  towards  the  exterior  in  the  form  of  weals  or  ribs. 

^  Unless  there  is  a  statement  to  the  contrary,  these  daU  refer  to  the  occurrence  of  interxylary 
phloem  in  the  stem;  the  abbreviations  'Str.-type*  (te.  Strychnos-tyipt)  and  'subseq.  diff.*  (i.e. 
subsequent  differentiation — at  an  earlier  or  later  stage--— of  phloem  from  groups  of  thin-waUed  tissue, 
given  off  by  the  cambium  on  its  inner  side)  are  used  to  indicate  the  two  chia  types.  For  details  as 
to  course  of  development,  see  the  descriptions  of  the  individual  Orders. 

*  See  especially  H.  Schenck's  '  Anatomie  der  Lianen '  (1893),  on  which  the  description  of  the 
anomalously  constructed  axes  in  the  special  part  of  this  book  is  altogether  mainly  based. 


Digitized  by 


Google 


ii64  CONCLUDING  REMARKS 

In  addition  to  that,  the  secondary  rings  of  wood  and  bast  or  segments  of  wood 
and  bast,  as  in  the  case  of  the  primary  vascular  ring,  either  form  dosed  zones 
traversed  only  by  narrow  medullary  rajrs,  or  are  s^i  up  into  so-caDed  secondary 
vascular  bundles  by  broad  plate-like  medullary  rays,  whidi  may  or  may  not 
be  lignified.  I  shall  return  below  to  certain  special  cases  presented  by  this 
anomaly.  The  place  of  origin  of  the  second^ury  groups  of  wood  and  bast 
varies.  The  secondary  meristems,  from  which  they  arise,  OTiginate  ^ther  in 
the  inner  cell-layers  of  the  primary  cortex  (occasionally  in  the  innermost 
(endodermal)  layer  of  the  latter)  or  in  the  parendi3m[iatous  pericyde,  or  in  the 
phloem  of  the  original  vascular  ring.  As  a  matter  of  practical  convenience 
the  last  two  modes  of  development  are  not  kept  distmct  in  the  Mlowing 
enumeration  of  Orders  and  genera,  which  show  this  anomaty,  since  it  is  often 
enough  (and  esp^:ially  in  the  case  of  herbarium-material)  difficult  to  determine, 
whether  the  seamdary  structures  develop  from  the  pericyde  or  fnmi  the  outer- 
most cell-layers  of  the  soft  bast.  Nor  is  it  always  easy  to  settle,  whether  the 
pericyde  or  the  inner  layers  of  the  primary  cortex  are  the  seat  of  the  anomalous 
growth,  this  being  the  case  when  pericydic  sderenchjmia  or  a  distinctly  diffe- 
rentiated endodermis  are  absent. 

Tli^  point  of  origin  of  the  secondary  structures  is  generally  constant 
throughout  all  the  spedes  of  a  genus,  but  this  is  not  always  the  case  (see 
ForcUMmmeria  and  Spaiholobtis) ;  in  the  same  Order  it  may  vary  from  goius 
to  genus,  or  may  be  identical  in  all  the  species  showing  anomalous  structure. 

The  development  of  secondary  groups  of  wood  and  bast  from  meristems, 
which  arise  in  a  distinct  extnaif  asdculsur  position  in  the  primary  cortex,  has  been 
observed  in  the  following  Orders  and  genera  respectivdy' :  Menispermaceae 
(Abuta,  Anomospermum,  Fig.  8,  p.  43,  Chondrodendron,  Cocculus,  Pachygone^  Peri- 
campylus ;  also  in  the  root  of  Abuia,  Chondrodendron^  Cocculus,  Cissampelos 
and  Clypea) ;  Capparideae  (Cadaba^  Forchhammeria) ;  Caryophylleae  (in  the  root  or 
also  in  the  stem  of  Spergularia  and  Polycarpaea,  Fig.  25,  p.  108 ;  here  we  may 

?robablv  indude  also  the  anomaly  found  in  the  root  of  Cerdta^  Ortegia^  Polycarpon^ 
ycnophyllum,  Silene ',  Spergula  and  Stipulicida) ;  Papilionaceae  (D^rris^  Rkynchosia^ 
Spaihol<^ms,  Wistaria)  \  Cucorbitaceae  {Actinostemma,  Momordica);  UmbeUiferae 
(Eryngium);  Compositae  (Coreopsis);  Rumbagineae  {AegialiHs^  see  |  58,  p.  1163); 
Verbenaceae  (Avicennia). 

The  development  of  secondary  groups  of  wood  and  bast  from  meristems, 
which  arise  in  the  parenchjrmatous  pericyde  or  (more  rarely)  in  the  bast  of  the 
original  vascular  ring,  has  been  observed  in  the  following  Orders  and  genera  re- 
spectively: DUleniaceae  {Doliocarpus) ;  Capparideae  {Forchhammeria,  Maerua^ 
Koydsia) ;  Polygaleae  (Bredemeyera,  Comesperma,  Moutabea,  Sec%iHdaca,  Fig.  23, 
p.  99) ;  Olacineae  (Phytocrette  with  successive  rings,  consisting  of  plates  of  wood 
and  bast.  Fig.  49,  p.  208;  Trematosperma,  undetermined  member  of  the  tribe 
Icadneae);  Kippocrateaceae  {Salacia  with  transitions  to  interxvlary  j^oem, 
see  f  58,  and  Fig.  51,  p.  217) ;  Rhamneae  ?  {Gouania  ?) ;  Ampelidaceae  {Tetra- 
stigma);  Sapindaceae  (corded  xylem-mass  in  Paullinia,  Seriania  and  Tkinouia, 
Fig.  53»  p.  235);  Papilionaceae  {Derris\  Machaerium,  Mucuna,  Packyrkiius^ 
Pueraria,  Spatholobus,  Strongylodon) ;  Ca^alpinieae  {Bauhinia) ;  Cucurbitaceae 
(only  in  the  root  of  Ecballium  elaterium) ;  Ficoideae  (as  far  as  is  known,  in  all  the 
woody  genera  except  Polpoda,  also  in  the  root) ;  Rubiaceae  {Chiococca) ;  Compositae 
(Mikania,  Kleinia,  Dahlia) ;  Candolleaceae  ?  {CandoUea^  really  bdcmging  to  this 
category  ?) ;  Plumbagineae  (Acantholimon) ;  Convolvulaceae  {Argyr&ia,  Cawnyction, 
Hewittia  ?,  Ifomoea,  Maripa,  Merremia,  Porana,  Fig.  130,  p.  571,  Rivea) ;  Bigno- 
niaceae  (Callichlamys,  Distictis,  Doxantha,  Glaziovia,  Haplolophium) ;  Labiatae 
{Thymus);  Nyctagineae  (quite  generally  in  the  woody  species.  Fig.  155,  p.  648; 

^  The  above  data  as  a  rule  refer  to  the  stem,  except  when  there  is  a  statement  to  the  contiazy ;  in 
those  species,  in  which  the  anomaly  occurs  in  the  stem,  it  is,  however,  very  frequently  found  also  in  the 
root  (for  details  on  this  point,  see  the  diagnoses  of  the  individual  Orders,  and  Schenck,  loc  dt,  pp.  2  $!-€), 

^  In  SiUne  accadis,  L.  according  to  mj  own  investigation. 

*  Dcrris  is  included  also  at  this  pomt  on  the  authority  of  H.  Schenck  (loc.  cit.,  p,  I'fi)^ 
who  mentions  the  '  secondary  cortex'  as  the  seat  of  the  formation  of  the  anomalous  growth. 
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also  in  the  root) ;  Illecebraceae  (Pollichia ;  here  we  may  probably  include  the 
anomaly  found  in  the  stem  of  Cometes  and  Corripola,  and  in  the  root  of  Acanthony- 
chia,  Achyronyehia,  Cometes^  Corrigiola,  Dysphanta,  Hay  a,  and  Pollichia);  Amaranta- 
ceae  (of  almost  general  occurrence  in  the  woody  species.  Fig,  157,  p.  654,  also  in  the 
root ;  wanting  m  Achatocarpus  and  Cladoihrix) ;  Chenopodiaceae  (quite  generally 
in  the  woody  species,  also  in  the  root) ;  Phytolaccaceae  [AgdestiSy  Ercilla^  Gallesia, 
Phytolacca^  Seguieria,  in  AgdesHs  and  Phytolacca  also  in  the  root ;  here  we  may  prob- 
ably also  include  the  anomaly  found  in  the  stem  of  Barbeuia,  Petiveria  and  Rivtna,  and 
indie  root  of  iinMomena) ;  Polygonaceae  (Antigonon) ;  Loranthaceae  {Loranthus; 
Nuytsia^  see  1 58 ) ;  Euphorbiaceae  (Dalechampia  and  Fragariofsis,  secondary  strands 
of  wood  and  bast,  appearing  like  ribs) ;  Buxaceae  (Simtnondsia^  also  in  the  root). 

The  place  of  origin  of  &e  secondary  fproups  of  wood  and  bast  in  the  axis  still 
remains  to  be  determined  in  Dalbergia  (Fapiuonaceae),  Erycibe  (Convolvulaceae, 
here  developed  in  connexion  with  a  cleavage  of  the  xylem-mass),  and  in  some  of  the 
genera  of  the  Caryophylleae,  Illecebraceae  and  Ph3rtolaccaceae  already  enumerated 
under  their  respective  Orders  in  the  two  previous  parac^aphs. 

We  may  lastly  add,  that  according  to  Maheu,  the  anomalous  growth  in  the 
Menispermaceae  shows  a  varied  mode  of  development,  and  is  found  also  in 
Chasmanthera,  *  Menispermum,'  and  Stephania  (see  p.  818);  Maheu 's  statements, 
however,  still  require  to  be  verified. 

The  structure  of  the  anomalous  growth  deserves  special  mentioii  in  the 
case  of  the  Sapindaceae,  ChiococcayAegialiUsy  Phytocrene^  andin certain  Ficoideae, 
Nyctagineae,  Amarantaceae  and  Chenopodiaceae.  The  secondary  masses  of 
wood  and  bast,  which  give  rise  to  the  corded  xylem-mass  of  the  Sapindaceae 
(Fig.  53,  p.  235),  are  always  annular  and  completely  enveloped  by  cambium, 
but  apart  from  that  they  are  either  cylindrical  or  flattened.  They  are  related 
to  the  strands  of  wood  and  bast,  which  are  found  in  Chiococca  (Fig.  102,  p.  453) 
and  which  are  likewise  provided  with  a  ring  of  cambium.  Aegialitis  is  distin- 
guished by  the  fact  that  only  one  secondary  meristem  is  formed  ;  this  produces  a 
ring  of  wood  including  large  groups  of  interxylary  soft  bast  on  its  inner  side,  but 
there  is  no  formation  of  bast  on  iht  outer  side.  The  successive  rings  of  growth 
found  in  Phytocrene  are  peculiar,  owing  to  the  fact  that  they  consist  of  groups 
of  wood  and  plates  of  bast,  which  alternate  with  one  another  in  the  tangential 
direction  (see  Fig.  49,  p.  208).  In  many  Ficoideae,  Nyctagineae  (Fig.  155, 
p.  648),  Amarantaceae  (Fig.  157,  p.  654),  and  Chenopodiaceae,  lastly,  the 
secondary  bundles  of  wood  and  bast  are  enveloped  by  prosenchymatous  inter- 
fascicular tissue,  which  is  likewise  formed  by  the  secondary  meristems ;  this 
tissue  is  sometimes  traversed  by  medullary  ra)^  or  may  include  vessels.  In 
the  Nyctagineae,  Amarantaceae,  and  Chenopodiaceae,  the  ground  tissue 
situated  between  the  primary  vascular  bundles  and  the  tissue  formed  at  the 
commencement  of  the  activity  of  the  secondary  meristem,  is  occasionally 
differentiated  like  a  pith,  and  in  such  cases  the  primary  vascular  bundles  appear 
as  apparent  medullary  bundles  (see  §  56). 

As  regards  the  composition  of  the  secondary  strands  of  wood  and  bast  we 
may  add  that  primary  tracheae  with  spiral  and  annular  thickenin£;s,  such  as 
occur  quite  generally  in  the  leaf-trace  bundles,  are  almost  invariaUy  wanting 
in  the  secondary  strands. 

S  60.  (Compound  and  Divided  Xylem-masses  \  Both  types  of  anomalies 
depend  on  a  special  arrangement  of  the  vascular  bundles  at  the  time  of  their 
development.  In  the  case  of  the  compound  xylem-mass,  which  occurs  in 
certain  species  of  Serjania  (Fig.  53,  p.  235)  and  PauUinia^  and  in  an  undeter- 
mined member  of  the  Leguminosae  (Fig.  62,  p.  281),  one  finds  in  addition  to 
a  central  ring  of  vascular  bundles  a  number  of  peripheral  rings  of  wood  and  bast ; 
each  of  the  latter  includes  a  pith,  is  provided  with  primary  spiral  tracheae  and 
grows  in  thickness  by  means  of  a  ring  of  cambium.    The  divided  xylem-mass 

^  Cf.  IUdlkofer*t  ptpers  cited  oq  p.  336,  and  H.  Schenck,  Anat.  d.  Ltanen,  1893,  p.  81  et  seq: 
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(Fig.  53,  p.  235)  lacks  the  central  ring  of  vascular  bundles  found  in  the  case 
of  the  compound  xylem-mass.  It  takes  its  origin  from  a  ring  of  horseshoe- 
shaped  groups  of  vascular  bundles,  each  of  these  ^oups  being  open  on  its 
inner  side  and  having  a  pith,  which  in  early  stages  still  communicates  with  the 
central  pith ;  subsequently,  however,  the  rings  become  closed.  A  divided 
xylem-mass  is  found  only  in  Serjania  corrugata,  Radlk.,  and  a  few  allied  species. 
For  details,  see  p.  234. 

§  61.  Unequal  Thickening  of  the  Xylem-mass  ^  Among  the  axes 
showing  anomalous  growth  it  is  usual  to  include  a  number  of  structures,  which 
appear  in  certain  lianes  (provided  with  a  normal  ring  of  vascular  bundles) 
in  the  course  of  secondary  growth,  and  which  are  generally  to  be  found  only 
in  axes  of  a  certain  degree  of  thickness  (only  rarely  occurring  in  the  branches 
of  herbarium-material).  These  anomalies  are  due  either  to  unequal  growth  in 
thickness  of  the  wood  alone  or  both  of  the  wood  and  bast.  In  the  former  case, 
according  to  the  manner  in  which  the  growth  of  the  wood  is  accelerated,  we 
obtain  axes,  which  are  flattened  or  band-shaped,  or  are  provided  with  superficial 
furrows  of  varying  breadth  (ribbed  or  winged  axes).  In  the  case  of  strongly 
winged  stems,  as  may  be  noticed  in  passing,  the  anomaly  occasionally  {Sabicca, 
LatUana)  leads  to  an  ultimate  cleavage  into  longitudinal  segments,  correspond- 
ing to  the  wings.  When  both  the  wood  and  bast  show  irr^;ular  growth  in 
thickness,  the  irregularity  is  not  noticeable — or  only  faintly  indicated— on  the 
outer  surface  of  the  axis,  owing  to  the  fact  that  at  those  points  at  which 
the  formation  of  the  wood  is  retarded,  there  is  a  corresponding  increase  in 
the  production  of  bast  on  the  part  of  the  cambium.  In  this  way  the  xylem- 
mass,  as  seen  in  a  transverse  section,  has  a  lobed  outline,  the  furrows  between 
the  lobes  being  filled  with  phloem  in  the  shape  of  bast-wedges.  The  ring  of 
cambium  in  these  cases  is  either  continuous,  so  that  it  forms  a  complete  lining 
to  the  furrows,  or  interrupted  (Bignonieous  type  according  to  H.  Schenck  ^). 
the  cambial  tissue  being  confined  to  the  outer  side  of  the  projecting  portions  of 
the  wood  and  to  the  base  of  the  furrows  (i.e.  it  is  absent  on  the  radial  surfaces 
of  the  bast-wedges). 

Flattened  or  band-shap«d  axes  have  been  recorded  in  the  following  Orders 
and  genera  respectively :  Papdlionaceae  (Ahrus,  Machaerium^  Rhynchosia) ;  Caesal- 
pinieae  {Bauhtnia,  Fig.  64,  p.  290) ;  Asclepiadeae  (Ceropegia,  IboHa,  etc) ;  Con- 
volvulaceae  {Merremia) ;  Polygonaceae  (Coccoloba) ;  Uunaceae  (CelHs).  Ribbed 
or  whiged  axes  *,  the  outer  surface  of  which  is  furrowed,  have  been  observed  in : 
Malpighiaceae  {Heteropteris,  Fig.  37,  p.  166) ;  Celastrineae  {Euonymus,  Celastrus) ; 
Sapmdaceae  {Serjania,  Urvillea) ;  Caesalpinieae  {Bauhiniaf  Fie.  64,  p.  290,  Cassia) ; 
Mimoseae  {Acacta,  Piptadenia) ;  Rubiaceae  (Sahicea) ;  Verbenaceae  {LatUana) ; 
Polygonaceae  {Airaphaxis,  rightly  included  in  this  category  ?).  Axes  with  bast- 
wedges  '  are  found  in:  Anonaceae  {Melodorutn);  Malpighiaceae  {Heteropteris,  Fig.  $7, 
p.  i66,PeixotoafTetrapteris);  Chailletiaceae  (CAat7/e^ia) ;  PhytocTenea/e  {*Phyiocrene^ 
*Pyrenacantha) ;  Hippocrateaceae  (spec,  indet.) ;  Rubiaceae  {Lygodysodea,  ManeUia, 
Sabicea) ;  Compc^tae  {^Bidens,  *Mikania) ;  Apocynaceae  {Allamanda,  AlsUmia, 
Condylocarpon,  Fig.  123,  p.  533,  Echites,  Lyonsia,  Parsonsia,  Tabemaemontana); 
Asclepiadeae (Gymn^ma) ;  ^oragineae  {Tournefortia) ;  Convolvulaceae  {Merremia); 
Bignoniaceae  (numerous  *Bignomeae  with  bast-wedges,  which  in  transverse  section 
are  separated  from  the  xylem-mass  by  lines,  which  are  straight  or  resemble  a  stair- 
case, Pandorea) ;  Acanthaceae  {Afromendoncia,  Mendoncia,  Pseudocalyx,  Thunbergia). 

In  some  of  the  cases,  named  in  connexion  with  the  last  of  these  anomalies,  the 
subsequent  cleavage  of  the  xylem-mass  is  initiated  by  the  appearance  of  tbe  bast- 

*  See  H.  Schenck,  Anat  der  Li&nen,  1893,  p.  15. 

'  The  fonnatioD  of  furro¥rs  and  wings  in  plants  with  reduced  leaves  (formation  of  'mtcropteres' 
and  '  macropteres '  of  Briquet)  does  not  Monj^  here  and  is  therefore  not  considered  at  this  point. 

'  The  occurrence  of  bast-wedges  of  the  Bignonieous  type  is  indicated  by  a  *  in  the  foUowiog 
synopsis. 
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wedges  (see  1 62) ;  in  Phytocrene  (see  §  59),  moreover,  the  development  of  successive 
zones  of  wood  and  bast  having  a  characteristic  structure,  is  combined  with  the 
anomaly  in  question ;  in  a  few  cases  {Condylocarpon  and  certain  Bip^nonieae),  finally, 
bast-wedges,  which  are  formed  successively  in  the  radial  direction,  subsequently 
come  to  he  enclosed  in  the  xylem-mass  (cf.  §  58,  p.  1 162). 

§  62.  Cleavage  of  the  Xylem-mass  \  Very  complicated  structures  arc 
produced  by  the  cleavage  of  the  xylem-mass  of  the  stem.  It  commences 
with  the  splitting  up  of  the  ring  of  wood  into  a  number  of  separate  strands  by 
a  process  of  dilatation,  i.  e.  cell-division  in  the  parenchyma  of  the  wood,  the 
pith  and  the  medullary  rays.  Subsequently  meristems,  which  produce  wood 
and  bast,  are  frequently  developed  in  connexion  with  these  strands. 

A  cleft  xylem-mass  has  been  found  in  the  following  Orders  and  genera  respec- 
tively :  CaryophyUeae  (Acanthophyllum) ;  Malpighiaceae  {Banisteria,  Mascagnia^ 
Mezta,  Stigmaphyilon,  TetrapterySy  Fig.  37,  p.  166) ;  Sapindaceae  (Serjania^  Urviuea) ; 
Caesalpinieae  {Bauhinia,  Fig.  64,  p.  290) ;  UmbeUiferae  {Azorella) ;  Asclepiadeae 
(Calotropis) ;  Convolvulaceae  (ErycibCy  Merremia) ;  Bignoniaceae  {Btgnoniaf 
Fig.  142,  p.  606,  Doxantha,  Dolichandra  f,  Macfadyena,  Melloa,  Parabignonia  /) ; 
Acanthaceae  (Afromendoncia,  Mendoncia,  Pseudocalyx  f,  Thunbergia) ;  Anstolochia- 
ceae  (Aristolochia^  Fig.  167,  p.  686). 

VII.    Structure  of  the  Root. 

§  63.  General  Structure  of  the  Root*.  The  structure  of  the  root 
in  the  (>ders  of  Dicotyledons  has  not  yet  been  methodically  investigated  to 
any  considerable  extent,  because  the  requisite  material  is  generally  wanting, 
and  the  anatomical  investigation  of  the  leaf  and  axis,  which  are  more  easily 
obtained  and  show  a  greater  diversity  of  structuraJ  features,  still  affords 
abundant  scope  for  research.  The  more  important  characters,  to  be  taken 
into  accoimt  m  an  investigation  of  the  root,  are  as  follows :  (a)  the  number 
of  xylem-  and  phloem-groups  in  the  primary  fibrovascular  S3^tem  (exception- 
ally very  large, — as  in  the  case  of  Monocotyledons, — ^in  Lophira^  or  reduced 
to  a  monarch  condition  in  the  delicate  lateral  roots  of  Trapa)^  a  feature  which 
is  occasionally  of  considerable  S3^tematic  value  (e.  g.  diarch  roots  in  the  Gen- 
tianeae-Gentianoideae,  5-^arch  roots  in  the  Menyanthoideae),  although  some- 
times  varying  within  certain  limits  in  one  and  the  same  species  ;  (6)  the  mode 
of  differentiation  of  the  secondary  xylem-mass,  the  ground-mass  of  the  wood 
being  either  (i)  imlignified  and  in  thjs  case  containing  vessels  only  or  vessels 
together  with  scattered  groups  of  wood-fibres,  or  (2)  lignified,  in  which  case 
it  IS  composed  for  the  most  part  of  wood-fibres  ;  these  features  are  connected 
with  the  physiological  functions  of  the  root  (as  a  nutritive  or  attaching  organ, 
as  a  respuratory  root,  &c),  and  are  therefore  subject  to  variation  within  certain 
Umits  in  one  and  the  same  species  ;  (c)  the  rare  occurrence  of  hard  bast  in  the 
phloem-groups  (Anonaceae,  Malvaceae,  Sterculiaceae,  Tiliaceae,  Papilionaceae, 
Urticaceae) ;  (d)  the  structure  of  the  endodermis,  including  among  other 
features  the  occurrence  of  secondary  division-walls  in  this  layer  (Valerianeae, 
Compositae,  Gentianeae-Gentianoideae) ;  (e)  the  structure  of  the  hypodermal 

^  See  H.  Schenck,  loc.  ch.,  1893,  p.  33,  and  in  Prin^eim  Jihrb.,  xxvii,  1895,  p.  581. 
^  Van  Tieghem,  Traits  de  bot,  1891,  p.  673,  and  Van  Ticghem  et  Donliot,  in  Ann.  tc.  nat, 
9er.  7,  t.  viii,  1888 ;  Kramer,  Wnrzelhant,  Hypodennis  n.  Endodermis  der  Angiotpermenwimel, 


BibL  bot.,  Heft  59,  1903,  also  Diss.,  Marbn^,  151  pp.  and  6  Tab.;  Freidenfieldt,  Anat  Ban 
d.  Wnrzel,  BibL  bot.,  Heft  61,  1904,  118  pp.  and  5  Tab.  (see  also  in  Botaniska  Notiser,  looo, 
Heft  5,  and  Flora,  1903,  p.  115  et  seq.);  Leavitt,  Trichomes  of  the  root.  Proceed.  Boston  Soc.  Nat 
Hist.,  zzxi,  1904,  pp.  373-313 ;  Nenber,  Veigl.  Anat  d.  Worzeln  mit  bes.  Beriicksicfatigimg  der 
Heterorblxie  bei  Dicotyl.,  Diss.,  Bern,  1904, 70  pp. ;  Tschirch,  Heterorhizie,  Flora,  1905,  pp.  68-78 ; 
Biisgen,  IVtirzelsjsteme  einiger  diooQrler  Holzpflanzen,  Flora,  1905,  Erganc-Band,  pp.  58-94  and 
Tab.  i-iv,  espedally  p.  91. 
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cell-layers,  which  are  frequently  marked  off  from  the  remaining  ground-tissne ; 
(/)  the  occurrence  of  peculiar  rid^e-like  or  otherwise-shaped  tnickenin^  (Van 
Tieghem's  '  r&eau  de  soutien  ')  m  the  subepidermal  layer  of  cells  or  m  more 
deeply  situated  cells  of  the  primary  cortex  (especially  in  the  layer  of  cells 
external  to  the  endodermis) ;  {g)  the  structure  of  the  root-hairs  (branched  in 
Brassica,  Saxifraga,  &c.,  in  other  cases  grouped  together  in  tufts,  in  the 
Nymphaeaceae  originating  from  idioblasts  in  the  dermatogen) ;  (h)  the 
presence  of  secretory  organs,  their  position  with  reference  to  the  primary 
nbrovascular  S3^tem  of  the  root  in  some  cases  being  of  importance  in  the 
diagnosis  of  an  Order,  e.  g.  the  dorsal  position  of  the  resin-canals  with  regard 
to  the  primary  phloem-^oups  in  the  Pittosporeae,  Araliaceae  and  Umbelliferae, 
which  is  connected  with  a  doubling  of  the  usual  number  of  young  lateral 
roots,  the  endodermal  origin  of  the  resin-canals  in  the  (x)mpositae,  &c.  (cf .  §  13 
et  seq.) ;  lastly,  (i)  the  occurrence  of  mycorrhiza  \ 

A  strengthening  net-work  ('  r^aeau  de  soutien  ')*  has  been  observed  in  the 
following  Orders :  Berberideae,  Cniciferae  (Fig.  17,  p.  66),  Geraniaceae  (Fig.  39, 
p.  170),  Rutaceae,  Sapindaceae,  Papilionaceae,  Caesalpinieae,  Rosaceae,  Rhizo- 
phoraceae,  Lythrarieae  ?,  Caprifoliaceae,  Ericaceae,  M3rrsineae,  Verbenaceae.  In 
the  plants,  which  form  the  landscape  of  the  manfi;rove,  the  ridge-like  thickenings 
are  found  only  in  some  parts  of  the  root-system,  which  is  here  adapted  to  carry  out 
diverse  functions.  Regarding  similar  thickenings  in  Acanthus  ilicif alius,  which 
likewise  grows  in  the  mangrove-formation,  see  under  Acanthaceae,  p.  1020. 

§  64.  Anomalous  Structure  of  the  Root.  The  occurrence  of  intra- 
xylary  and  interxylary  phloem  and  of  successive  secondary  zones  of  wood 
and  bast  in  the  root  has  already  been  dealt  with  in  §§  57,  58  and  59  in 
connexion  with  the  analogous  features  found  in  the  stem  '.  In  this  paragraph 
a  few  other  cases  of  anomalous  root-structure  may  be  briefly  mentioned,  viz. : 
(a)  the  development  of  concentric  vascular  bundles  with  central  phloem  in 
the  wood  of  the  root  in  species  of  Brassica  and  Raphanus  ;  (6)  the  formation 
of  concentric  vascular  bundles  with  central  xylem  or  rarely  (Drosera)  phloem 
in  the  wood  of  the  root,  which  frequently  leads  to  a  separation  of  the  fibro- 
vascular  system  into  concentric  vascular  bundles,  arranged  in  one  or  mcx'e  rings 
(in  certain  Crassulaceae,  sjpecies  of  Drosera^  Cucurbitaceae,  Umbellif erae.  Fig.  97, 
p.  425,  Compositae  and  donvolvulaceae.  Fig.  131,  p.  572) ;  (c)  the  occurrence  of 
similar  structures,  which,  however,  show  a  different  course  of  development,  in 
species  of  Aconitum  (Ranunculaceae) ;  {d)  the  compUcated  structure  of  the  roots 
of  Myrrhis  (Umbellif erae),  Atractylis  (Compositae)  and  certain  Convolvulaceae, 
which  is  produced  by  the  appearance  of  secondary  meristems  in  the  wood  <x 
sometimes  (Convolvulaceae)  in  the  secondary  bast  and  the  formation  of 
secondary  groups  or  rings  (the  latter  occasionally  being  inversely  orientated 
in  the  three  Orders  named)  of  wood  and  bast ;  {e)  the  occurrence  of  cortical 
vascular  bundles  in  the  tuberous  roots  of  Myrmecodia  (Rubiaceae).  Fcm* 
details,  particularly  as  regards  the  course  of  development  of  these  anomalous 
structures,  see  the  descriptions  of  the  individual  Orders. 

For  a  process  of  cleavage,  which  sets  in  in  roots  and  rhizomes  in  the  course 
of  growth  m  thickness  (Ranunculaceae,  Fumariaceae,  Crassulaceae,  Gentianeae, 
Labiatae  ;  also  Plantagineae,  according  to  Pilger),  see  especially  Jost,  in  Bot.  Z^t., 
1890,  p.  433  et  seq.  and  Tab.  vi  ;  the  cleavage  in  these  cases  is  due  to  the  removal 
of  groups  of  dying  tissue,  while  the  intervening  living  tissue  continues  its  growth. 


*  In  the  root  internal  development  of  the  oork  is  of  general  occurrence,  the  outermost  ceQ-Uyer 
of  the  pericambium  giving  rise  to  the  first  phellogen. 

*  Van  Heghem,  in  Ann.  sc,  nat.,  s^r.  7,  t.  vii,  1888,  p.  375. 
'  See  H.  Schendc,  Anat.  der  Lianen,  1893,  pp.  251--6. 
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(Papers  which  came  to  the  notice  of  the  author  after  the  Addenda  had  gone  to  press). 

Amarantaceab  (pp.  6s Sf  1028):  Gravis,  Contrib.  k  Tanat  des  Amarant.,  M6m.  soc. 
roy.  d.  sc  de  Li6ge,  s6r.  3^  t.  vii,  1907,  6$  pp.  and  14  pi. 

Ampelidaceab  (pp.  226, 890) :  Szigethi-Gynla,  Anat.  d.  WeinwurzeUi,  etc.,  Ndven)rt 

;,Kdzlem6nyek,  IV,  1905^.  45  et  seq.  (mingarian,  with  a  French  r68um6). — Baker 

and  Smith,  Vitis  opaca,  Froc.  Roy,  Soc.  New  South  Wales,  1906 ;  author's  abstr.  in 

Bot.  Centralbl.,  CIV,  p.  661. — Holtermann,  Einfluss  d.  KUmas,  1907,  p.  1 10  ( Vitis). 

Anacardiacbab  (pp.  248,  894) :  Dubard  et  Dop,  Protorhus  Hecketii,  Bull.  Soc 
bot.  de  France,  1907,  p.  15^. — Guttenberg,  Immergr.  Laubbl.  d.  Mediterranflora, 
in  Engler,  Bot.  Jahrb.,  aXXVIII,  1907,  p.  425  (Pistacia). — Hemsley,  Tulianiaceae, 
Phil.  Trans.  Rov.  Soc.  London,  Ser.  B,  CIC,  1907,  pp.  169-97  »  ^ind  Proc.  Roy. 
Soc.  London,  LXXVII,  1906,  pp.  231-6. — Holtermann,  Einfluss  d.  KHmas, 
i907f  p.  118  (Semecarpui), — Lecomte,  Phlebochiton,  Bull.  Soc.  bot.  de  France, 
1907,  p.  525  et  seq. — F.  E.  Fritsch,  Anatomy  of  the  Julianiaceae,  Trans.  linn. 
Soc.  London,  VII,  1908,  pp.  129-51,  pi.  20,  21. — Hallier,  Juliania,  Beih.  z.  bot, 
CentralbL,  XXIII,  2,  Abt.,  1908,  p.  82  et  se(^. 

Anonaceab  (pp.  39,  811) :  Moll  and  Janssomus,  Mikrographie  des  Hokes,  Heft  i, 
Leiden,  1900,  pp.  106-73  (Stelechocarpus,  Cvathocalyx^  Cananpum,  Meiogyme,  Poly- 
althia^  TrivalvariatPopowia^Mitrepkofay  Pfatymitra,  Anana,Saccopetalum,  Otophea^ 
Alphonsea). 

ApocYNACBAB  (pp.  533,  988) :  Cautoni,  Produz.  sugh.  dello  Strophanthus  hispidus, 
Malpighia,  1906,  pp.  17 1-9,  and  tav.  II,  III;  abstr.  in  Bot.  CentralbL,  CIV, 
p.  194. — Perrot  et  Hurrier,  Mat.  m^.  et  Pharmac.  sino-annamites,  pp.  168,  169 
{Apocynum  juvenias.  Lour.),  in  Perrot,  Travaux,  V,  1907. 

Arauacbab  (pp.  432,  948) :  Hurrier  et  Perrot,  Ginseng,  Bull.  sc.  pharmacol.,  1906, 
p.  660;  also  in  Perrot,  Travaux,  IV. — Sperlich,  Opt.  Verb,  in  der  oberseit. 
Blattepid.,  Sitz.-Ber.  Wiener  Akad.,  CXVI,  Abt.  i,  1907,  p.  698. 

AscLBPiADEAE  (pp.  537, 989) :  Pearsou,  Sp.  of  Dischidia  with  double  pitchers,  Joum. 
linn.  Soc.  London,  XXXV,  1902,  pp.  375-90,  pi.  9. — Glabisz,  Ceropegia  Woodii, 
Schlecht.,  Beih,  z.  Bot  CentralbL,  XXIII,  i.  Abt,  locis,  pp.  65-136  and  Tab.  IX-XI. 

Balanophorbab  (pp.  739,  1047) !  Heinricher,  Balanophora^  Sitz.-Ber.  Wiener 
Akad.,  CXVI,  Abt  i,  1907,  pp.  439-65,  i  Tab. — ^Van  Tieghem,  Inovul6es,  Ann. 
sc.  nat,  s^.  9,  t  vi,  1907,  n.  3,  4. 

Bbrbbridbab  (pp.  46,  822) :  FYommel,  Plant,  text  chil.,  i905jpp.  38-9. — R6au- 
bourg,  6t  org.  et  anat  de  la  famille  des  Lardizabal6es,  Thfese,  Paris,  1906, 
127  pp. — Holm,  Caulophyllutn  thalictroides,  in  Merck's  Report,  XVI,  1907, 
pp.  94-6. — Holm,  Jeffersonia  diphylla,  in  Merck's  Report,  XVl,  1907,  pp.  125-7. 
—Holm,  Podophyllum  peltatum,  m  Merck's  Report,  XVI,  1907,  pp.  250-2.— 
R6aubourg,  Boquila  trifoliata^  Bull.  Soc.  bot.  de  France,  1907,  pp.  8-10. 

BixiNBAB  (pp.  91,  831) :  Calderera,  Foglie  della  Kiggelarta  africana,  Contrib.  Biol, 
veg.,  Palermo,  III,  1904,  pp.  273-92. — Moll  and  Janssonius,  Mikrographie  des 
Holzes,  Heft  i,  Leiden,  1906, pp.  197-223  (Scolopia,Flacouriia,  Bennetiia,  Pangium, 
Bergsmia,  Taraktogenos,  Ryparosa). 

Campanulacbab,  incL  Lobbliaceae  (pp.  475,  968) :  Flachsber^er,  in  Sitz.-Ber. 
naturf.  Gesellsch.  Dorpat,  1906,  n.  3. — Hurrier  et  Perrot  Gmseng,  BulL  sc. 
pharmacoL,  1906,  p.  661  et  seq. — ^Tswett,  Hydathodes  des  Lob61.,  Revue  g6n.  de 
bot,  XIX,  1907,  pp.  305-16  and  pi.  14. — Perrot  et  Hurrier,  Mat.  m^.  et  Pharmac. 
sino-annamites,  p.  184  et  seq.  (Adenophora^  Campanula,  Platycodon),  in  Perrot, 
Travaux,  V,  1907. 

Caprifouacbab  (pp.  444,  949) :  Hdhnel,  Kork,  Sitz.-Ber.  Wiener  Akad.,  LXXVI, 
Abt  I,  1877,  p.  607. — Kanngiesser,  Holz  von  Lonicera  Periclymenum,  in  Tubeuf, 
Naturw.  Zeitschr.,  1906,  pp.  404-8. — Eichinger,  Vergl.  Entwicklungsgjesch.  von 


Adoxa  u.  Chrysosplenium,  Diss.,  Munich,  1907,  27  pp. ;   also  in  Mitteil.  ^Ba^^er. 
bot.  Gesellsch.,  1907. — Guttenberg,  Immergr.  Laubbl.  d.  F ' 
Bot  Jahrb.,  XXaVIII,  i9cy,  p.  440  (Viburnum  Tinus). 


Cblastrtnbab  (pp.  2 14, 879) :  Lo^ner,  Kautschuk  bei  ein.  ostafrikan.  Gymnosporia- 
Arten,  Notizblatt  Berliner  Garten,  n.  42, 1908,  p.  64  et  seq.  (as  in  Celastrus,  etc.). 

CiSTiNEAB  (pp.  82,  827) :  Roche,  Anat  comp.  de  la  feuiUe  desCistin.,  Th^se,  Paris, 
1906,  108  pp. ;  also  in  Perrot,  Travaux,  IV.— Gard,  Anat  comp.  des  Cistes, 
Comptes  rendus  Acad.  P^iris,  CXLIV,  i907t  pp.  1229-32. — Guttenberg,  Immergr. 
LaubbL  d.  Mediterranflora,  in  Engler,  Bot  Jahrb.,  XXXVIII,  1907,  pp.  426-32 
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(Cisius). — Card,  Fonnat  cystolithiques  des  Cistes,  Comptes  rendus  Acad.  Paris, 
CLV,  1907,  pp.  136-7. 

CoMPOSiTAE  (pp.  468,  962) :  Drobnig,  Wunelkiiollen,  Diss.,  Rostock,  1892^0.  52 
(Dahlia,  Cirstwm ).--Herriott,  Leaf  structure.  Trans. New  Zealand  Inst.,  XXXVIII, 
1906,  p.  377  et  scq.  —  Dauphin^,  Struct,  du  rhizome  de  V Artemisia  vulgaris^ 
Revue  g6n.  de  bot.,  XIX,  1907,  p.  296  et  seq. ;  abstr.  in  Bot.  CentralbL,  CV, 
p.  421. — ^Maheu  et  Comb^,  Format.  subdro-pneUoderm.  anorm.,  BulL  See  bot. 
de  France,  1907,  p.  436  et  seq.  {Tragopofon), — ^Meinheit,  Anat.  Bau  d.  Stengels 
bci  den  Compositae-Cynareae,  Diss.,  Gdttmgen,  190;,  118  pp. — Perrot  et  Humer, 
Mat.  mM.  et  Fharmac.  sino-annamites,  p.  196 {Gynurapinnatifida,  DC.),  in  Perrot, 
Travaux,V,  1907. 

Cruciferas  (pp.  67,  825):  Thellung,  Lepidium,  Neue  Denkschr.  allg.  schweizer. 
Gesellsch.  1  d.  ges.  Naturw.,  XLI,  Abt.  I,  1906. — Gerber,  L'arc  renvers^  de  VAu- 
hrieiia  deltoidea,  Comptes  rendus  Soc  Biol.  Paris,  LXII,  1907,  pp.  97^-8. — Gerber, 
Faisceau  inverse  de  Zilla  macroptera,  Comptes  rendus  A<^uL  Fsuris,  CXLIV,  1907, 
pp.  1374-6. — ^Muschler,  CorofuH^,  in  Engler,  Bot.  Jahrb.,  XLI,  1907,  p.  118. 

CucuRBiTACEAB  (pp.  397,  939) :  Bcmet,  Obs.  anat  nouv.  sur  la  tige  des  Cucurbit., 
BulL  Herb.  Boissier,  s6r.  2,  t.  v,  1905,  p.  312. 

CupuLiFERAS  (pp.  796,  1068) :  Gallagher,  Root-anat.  of  the  Cupulil  and  of  the 
Meliaceae,  Rep.  Brit.  Ass.,  York,  1906,  pp.  749-50. — Kramer,  Mikr.-pharm. 
Beitr.,  Diss.,  Wurzburg,  1907,  p.  12  (Castanea). 

DiPTEROCARPEAE  (pp.  1 44,  842) :  Moll  and  Janssonius,  Mikrographie  d.  Holzes, 
Heft  I,  Leiden,  1906,  pp.  343-68  {Dipterocarpus,  VaHca,  Shorea,  Hopea). — Gu&in, 
Et.  anat.  de  la  tige  et  de  la  feuille  des  Dipterocarp.,  Bull.  Soc.  bot.  de  France, 
M6m.  1 1, 1907,  93  pp. — Sperlich,  Opt.  Verb,  in  der  obersdt.  Blattepidermis,  Sitz,- 
Ber.  Wiener  Akad.,  CXVI,  Abt.  i,  1907,  p.  702. 

EuPHORBiACEAE  (pp.  762,  1054) :  Balfour,  Cutic.  struct,  of  Euphorbia  Abdelkuri^ 
Rep.  Brit.  Ass.,  1901,  p.  854. — Woodhead,  EcoL  of  Woodland  PL,  Joum.  linn. 
Soc  London,  XXXVII,  1906,  pp.  394-5  {Mercurialis  perennis). — Perrot  et  Hurrier, 
Mat.  m6d.  et  Pharmac  sino-annamites,  pp.  104-5,  ^  Perrot,  Travaux,  V,  1907 
(Acalypha  fruHcosa,  Forsk.). — Sperlich,  Opt.  Verb,  in  der  oberseit.  Blattepd., 
Sitz.-Ber.  Wiener  Akad.,  CXVI,  Abt.  i,  1907,  p.  708  et  seq. 

GuTTiFERAE  (pp.  126,  836) :  MoU  and  Janssonius,  Mikrographie  d.  Holzes,  Leiden, 
Heft  1, 1906,  pp.  250-82  JGarctma,  CaJophyllum). — Holm,  Garcinia  cochinchinensis, 
in  Merck's  Report,  XVl,  1907,  pp.  1-4 ;  abstr.  in  Bot.  CentralbL,  CV,  p.  39. — 
Holtermann,  Einfluss  d.  KHmas,  etc.,  1907,  pp.  1 14-15  (CalofhyUum). 

Ilicineae  (pp.  209,  874) :   Th^venard,  Rech.  nistoL  sur  les  Ihcin.,  Th^se,  Paris, 

1906,  150  pp.,  6  pi. ;  also  in  Perrot,  Travaux,  IV,  1907. — Holtermann,  Einfluss 
d.  Klimas,  etc.,  1907,  pp.  1 16-17. 

Labiatae  (pp.  641,  1023):  Kimpflin,  Affinity  des  Bora£;in6es  et  des  Lamiac^es, 
Assoc.  Avanc,  35"  Sess.,  Lyon,  1906,  pp.  428-31. — ^Woodhead,  EcoL  of  Woodland 
PL,  Joum.  Linn.  Soc.  London,  XXX Vll,  1906,  pp.  393-4  (LamiumGaleobdolon). — 
Holm,  Cunila  Mariana,  in  Merck's  Report,  XVI,  1907,  pp.  188-9. — ^Mitlacher, 
Anat.  Verb.  d.  Labiaten,  Zeitschr.  dsterr.  Apoth.-Ver.,  1908,  pp.  i,  17,  33,  45 
et  seq.  and  4  Tab. 
Leguminosae  (pp.  300,  905) :  Cordemoy,  Appareil  s6cr6t.  de  VEperua  faicata,  Ann. 
Inst.  col.  Marseille,  1906,  pp.  1-22. — ^Decrock  et  Ribaut,  Appareil  s6cr6t.  du 
Vatairea  guianensis  et  du  Machaerium  ferrugineum :  Ann.  Inst., Majrseille,  XIV,  1906. 
— Boorsma,  Alo€holz,  Bull.  Depart,  de  I'Agric.  aux  Indes  n6erland.,  VII,  1907, 
.  25  (Dalbergia), — Dubard  et  Dop,  Esp.  nouv.  de  Madagascar,  BulL  Soc.  bot.  de 
ranee,  1907,  p.  157  et  seq.  (MunatUeay  Chadsia). — Guttenberg,  Immergr.  LaubbL 
d.  Mediterrannora,  in  Engler,  Bot.  Jahrb.,  XXXVIII,  1907,  pp.  423-5  (CeraUmia 
Siliaua  and  Spariium  junceum), — Holtermann,  Einfluss  d.  Klimas,  1907,  p.  91 
(Inaieofera  aspalaihoides). — Perrot  et  Gerard,  Anat.  du  tissu  li^eux,  Bull.  Soc. 
bot.  de  France,  M6m.  6, 1907, 43  pp.,  6  pL — Perrot  et  G^ard,  Bois  de  diff.  esp.  de 
L^gum.  Afric,  Paris,  1907, 155  pp.  and  Tab.,  in  Perrot,  Travaux,  V,  1907. — ^Perrot 
et  Hurrier,  Mat.  mM.  et  Pharmac.  sino-annamites,  p.  152  (Sohhora  angusHfalia 
S.  et  Z.),  in  Perrot,  Travaux,  V,  1907. — Schwendt,  Extraflor.  Nektar.,  Bern.  z.  bot 
CentralbL,  XXII,  i.  Abt.,  1907, pp.  264-9  (Acacia), — Severini,Radici diff «<fysan«m 
coronarium,  Atti  R.  Accad.  Lined,  XVI,  2,  1907,  pp.  145-8. — SperKch,  Opt 
Verh.  d.  oberseit  Epid.,  Sitz.  Ber.  Wiener  Akad.,  CXVI,  Abt.  i,  1907^1).  719 
et  seq. — Stscherbatscheff,  Entwicklungsgesch.  ein.  ofl&z,  Pfl.,  Archiv  d.  Pharm., 

1907,  p.  48  et  seq.  (Glycyrrhiza), 

Lythrarieae  (pp.  373,  931):  Paschkis,  in  Zeitschr.  osterreich.  Apotheker-Ver., 
iS79»  P»  433  (Lawsonia), — Blatter,  Mangrove  of  the  Bombay  Presidency,  Joum. 
Bombay  Nat.  Hist.  Soc.,  XVI,  1905,  pp.  644-56  and  pL 
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Malpighiaceae  (pp.  167,  850) :  Hartwich,  Ipecacuanhawurzeln,  Archiv  d.  Pharm., 
CCXLII,  1904,  p.  666  et  seq.  and  Tab. — ^Mannich  and  Brandt,  HeteropUris 
paucifiora^  Ber.  deutsch.  pharm.  Gesellscb.,  1904,  pp.  297-502. — ^Lutz,  Inuline 
dans  op.  Malpighiac6es,  BulL  Soc.  bot.  de  France,  1907,  pp.  449-52.— Dnbard  et 
Dop,  Observ.  sur  I'anat.  et  les  affimit^  des  Malpigh.  de  Madagascar,  Comptes 
rendus  Acad.  Paris,  CXLVI,  1908,  PPr  355-7- 
Malvaceae  (pp.  152,  843) :  Frommel,  Flantas  text,  chil.,  1905,  p.  33. — ^Holtermann, 


Einfluss  d.  Klimas,  1907,  p.  14  {Durio). — Schwendt,  Extraflorsde  Nektar.,  Beih. 
z.  Bot.  Centralbl.,  XXII,  Abt.  i,  1907,  pp.  254-6. — Stscherbatscheff,  Entwick- 
lungsgesch.  einig.  ofGiz.  Pfl.,  Archiv  d.  Phann.,  1907,  p.  48  et  seq.  (Althaea), — Calvet, 
Hist.  Dot.  des  Kapokiers,  Montpellier,  153  pp. ;  abstr.  Bot.  Centralbl.,  CV,  p.  420. 

Melastomaceae  (pp.  368,  928) :  Hohnel,  KorlL,  Sitz.-Ber.  Wiener  Akad.,  LXXVI» 
Abt.  I,  1877,  p.  610. — Clark,  Sec.  thickening  in  Kendrickia  Walkeri,  Hook,  fil., 
Ann.  of  Bot.,  XXI,  1907,  pp.  361-7  and  pi. — Holm,  Morph.  and  anat.  stud,  of 
the  vegetative  organs  of  Rhexia,  Bot.  Gaz.,  XLIV,  1907,  pp.  22-33,  2  pi. 

Meliaceae  (pp.  198,  870) :  Courchet,  Katafa  (Cedrehpsis),  Ann.  Inst. :  Marseille, 
XIV,  1906,  pp.  29^-118. — Gallagher,  Root-anat.  of  the  Cnpuliferae  and  of  the 
Meliaceae,  Rep.  Brit.  Ass.,  1906,  pp.  749,  750. — Radlkofer,  in  NaturL  Pflanzen- 
fam.,  Erg.-Heft  II,  1907,  p.  204  (KheHnosperma). 

Menispermaceae  (pp.  43,  818) :  Mahen,  £t.  sur  les  M6nisperm.,  Compte  rendu 
Congr^  intemat.,  Faris,  1900-1,  p.  218  et  seq. — ^Maheu,  Org.  secret.  desM^nisperm., 
Bull.  Soc.  bot.  de  France,  1906,  pp.  651-63. — ^MoU  and  tanssonius,  Mikrographie 
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PoLVGONACEAE  (pp.  674, 1034) :  Porsch,  Spaltofinungsapp.  submers.  Pflanzenteile, 
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Tumeraceae  381, 936. 

U 
Ulmaceae  764, 1056. 
Umbelliferae  419, 940. 
Urticaceae  764,  1056. 

„      (Literature)  778, 
1064. 
Urticeae  775,  1063. 


Vacciniaceae  476,  969. 
Valeiianeae  454,  952. 
Verbenaceae  630,  1020. 
Violarieae  82,  827. 
Vochysiaceae  100,  831. 

W 


Wallacea  869. 


Zombiana  627. 
Zygophylleae  167,  850. 
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[The  main  object  of  this  glotsary  is  to  giye  a  synopsis  of  the  chief  terms  osed  in  anatomical 
description  (indndbg  a  oonsiderable  number  used  in  this  woric  for  the  first  time)  together  with 
their  German  equlTslents.  A  few  definitions  are  supplied,  but  more  generally  a  reference  is  given  to 
a  page  in  the  Concluding  Remarks  or  in  the  main  portion  of  the  book,  on  which  the  term  in  qoes- 
tion  will  be  found  to  be  more  or  less  fiilly  explained.  The  glossary  may  also  senre  as  a  rongh 
index  to  the  Concluding  Remarks^  and,  with  this  object  in  view,  rather  more  terms  have  been 
included  than  would  have  been  necessary  solely  for  the  purposes  of  the  glossary.  In  a  few  cases, 
where  the  English  and  German  terms  are  practically  identical,  the  latter  have  been  omitted. 

F.  E.  Fritsch.] 


Abietiform  hairs  (i.e.  hairs  branched  like  a  fir- 
tree),  Tannenbaumhaare  (p.  iiaa). 

AcarodomaHa  (p.  113a). 

Acicuiar  crystals^  Kristallnidelchen,  nadelformige 
Kristalle  (pp.  11 04, 1106);  acicuiar  fibres  {ra- 
phidines\  hfadelfesern  (p.  1155). 

Active  cells  (of  the  pith),  Aktive  Zellen  (p.  1 133). 

Adjacent  cells  (of  stomata),  Nachbarzdlen  (see 
neighbouring  cells), 

Airenchyma,  Aerenchym  (p.  11 50). 

Air-canal,  asr-fasse^ge,  Luftgang ;  air^pores  (  « 
stomata),  Luftmalten. 

Alumina- bodies,  Toneidekdrper  (p.  1 109). 

Amputltform  (depressions,  ftc,  i.  e.  sndi  as  are 
shaped  like  a  nask),  krugiormig. 

Anchor-hairs  (cf.  p.  379),  Ankerfaaare  (p.  1117); 
anchor-like  shaggy  hairs,  Ankerzotten. 

Annual  rings  (in  the  wood),  Jahresringe  (pp. 

ii3<5,  1137). 
Annular,  ringiormig,  rincartig;  annular  tra- 

cheides  (i.  e.  provided  with  annular  thickenings), 

Ringtrachdden. 
Anthocyanin,  Anthocyan  (p.  1074). 
Antler-like,  antler-shaped  (generally  applied  to 

trichomes),  hirschgeweihartig,  geweihartig. 
Apical  pores  (of  water-plants),  Apikaloftiungen 

(see  p.  io86). 
Apicuhu^  Spitzchen. 
Apparent   medullary  bundles,  scheinbar  mark- 

stiindi^  GefassbOndel  (p.  1165). 
Appendicular  ridges  (of  stomata),  Anhangsleisten 

(see  homi)  (p.  io8a). 
Aqueous  tissue,  Wassergewebe  (see  pp.   1077, 

1087). 
Arcs  (of  fibres,  &c.),  Bogen ;  arc-shaped,  arched, 

bog^fbrmig;  arched  outwards,  yGt^yt''Q}^A• 
Arm-palisade-cells,  Armpallisad^izellen  (see  p. 

1087)  •   arm-pcirtion   (of   two-armed    hairs), 

ArmtdL 
Articulated,  abgegliedert,  gegliedert;  articulated 

hairs  (cf.  p.  a5i),  Gliederhaare. 
Ascidia,  ascuU/orm  leaves,  Schlanchblatter. 
Astely,  Astelie  (p.  1157,  footnote). 


Attenuated  (Le.  gradually  drawn  out  into  a 
point,  applied  to  hairs),  sich  veijilngend,  aus- 
lanfend,  veijiingt. 

Auricles, OhxibiOL;  auricuHform  (i.e.  ear-shaped), 
ohrchenartig. 

Axial  wood,  Axiales  Holz  (p.  ii45). 

B 

Back-cavity  (of  stomata),  Hinterhof  (p.  108 1). 
Band-shaped    (fiattenod)     axes,    bandlonnige 

(abgeflachte)  Axen  (p.  1166). 
Barbed  hairs  (cf.  p.  379),  Widerhakenhaare ; 

barbs,  Widerhaken. 
Bark,  Borke  Tp.  1147). 
Barrel-shaped,  tonna^ormig. 
Bars  (the  persistent  portions  in  a  scalariform 

perforation),  Speichen, 
Base  (Joof)  of  hair,  Haarfuss  (pp.  1091,  i  ia4) ; 

base  of  shaggy  hair,  Zottenfnas. 
Basin,  Napf  (applied  to  part  of  the  complicated 

secretory  cells  of  Ma^oliaceae,  Canellaoeae, 


&c.,  see  p.  1096);  bastn'Shaped,v2aMX<fsX6sm\%, 

schiistelfermig. 
Bast  fibres,  Ba^sem  (p.   115a);   bast-groups, 

Bastteile  (p.  11 54);  bast-wedges^  Bastkeile  (p. 

1 166). 
Bays  (of  undulated  walls),  Buchten. 
Beam-like,  balkenaitig ;  transverse  beams,  Quer- 

balken ;  beams  of  cellulose,  Zellstofibalken. 
Bellows-like,  blasebalgartig. 
Bicollateral  bundles  (p.  1 160). 
Bifacial  (structure  of  leaf),  biiadal,  bifazial  (see 

p.  1086). 
Btlobed,  zweiknopfig,  zwdlappig. 
Bladder-hairs^  Blasenhaare  (p.  11 16);  bladder- 

like,  blasig ;  raiud  like  a  bladder,  blasig  ab- 

gehoben ;  swollen  like  bladders,  blasig  aufge- 

trieben. 
Botryoidal  (L  e.  shaped  like  'k  bundi  of  grapes^, 

traubig. 
Bracket-cells,  Klammerxcllen  (p.  1 100) ;  Bracket - 

epithelium,      Klammerepithel .    (p.      iiool; 

Bracket'kairs,  Klammerbaare  (pp.  1117,1119); 

bracket-shaped,  klammerartig. 
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BristU.    Bonte;    briMi-kmrs, 
MstU-Uke^  bontig,  bon 


Bontenhaare ; 


Brusk^h^td,  ^ 

kairs^  noselzotten. 


krusk4ikt  shaggy 


Bulbous  hairs ^  Zwiebdhaaie  (p.  i  lao) ;  MSms 
asulsw$iieu,  nriebelig  aDgaicfawollai. 


Caidjkatiau,  Vericalknng  (p.   iiii);  cakifUd, 

▼erkalkt. 
Calksitv^  Schwide. 
CambiftrmUramds  (pp.  ii58»  1159),  CMabtfofm- 

bitedd. 
Candeiabra-hairst  KandeUberiuMxe  (pp.  11 15, 

1 119,  iiaa);  candelabra-hairs  of  the  shaggy 

iypif  KADdeUbenoCten  (p.  iiaa). 
Caoutchouc  bodios,  Kastschnkkoqier  (p.  1109). 

capitati  hatrs  (i.  e.  tuJn  CDoiiig  m  a  swoUen 

beui).  Kopfchcnhtare  (tee  p.  1119  and  under 

glandular  hairs). 
Caps  ofcellmloso,  Celliiloiekappen. 
CartilagistouSf  Imorpelig. 
Caulisu  (bandies,  L  e.  bandies  belonging  to  the 

stem  only),  stammeigen. 
Cell'/usianst  ZclUosioiien. 
Cellular  prominoHceSy  Zellbocker,  ZellhiigeL 
Cellulose,   Zcllstoff;    Cellulose-caps,   see   onder 

caps\  strands  {beams)  of  cellulose,  Zellstoff- 


Centric  (leaf-stnictare),  oelitiisch  (see  pp.  1085, 

1086). 
Chalh'Hamds,  KalkdrOsen  (see  pp.  1086,  iiaS, 

1 1 33). 

Chambered,  gekammert;  ome-,  two-,  mamy-eham- 
bered,  tm-,  tmti-,  ▼ielkammerig ;  chambered 
fibres  {chambered  crystal fibres\  KammerCuern 
(Krystallkammeriasem)  (p.  1154);  chambered 
crystai'fearemhyima  (chambered  paienchjma 
containmg  crystals),  Krystallkammerparen- 
chym(pp.  1108,1143). 

Characteristic  region  (of  the  petiole),  'caiac- 
t^ristiqae '  (p.  1094). 

Chiwemey  (applied  to  stomata),  Kamin  (p.  1085). 

ClaoaU,  see  cheb'shaped. 

Cleavage  (of  xylem-mass),  Zerklttftong,  Spaltong 
(pp.  it66, 1 167,  1 1 68). 

Clcfi  xylem-mass,  seridOfteter  Holzkorper  (p. 
1167). 

Climbing  hairs,  KUmmhaare  (p.  1117). 

Closed  (applied  to  pericycUc  strengthening  ring 
and   Tascolar   ring),   geschlossen  (p.  115a); 


closing  membrane  7oif  stomata), 
Clothing  hair,  Deckhaar  (p.  1115  et  seq. ;  of  a 

papillose  or  vesicolar  t^pe,  p.  1 1 16) ;  clothing 

membrane   (of  interceUalar   spaces),    Hant- 

aaskleidong;    clothing  shaggy   hetirs,   Deck- 

setten  (p.  11 33). 
dub-^haped,  ckieUe,  kealeniormig. 
Clusters,  Drasenkorper ;  clustered  cry stcds,  Dm- 

sen,  Kr^talldrnsen  (pp.  1104,  1105);  ^^^^ 
.    containing  clustered  crystals    (cf.   p.    740), 

Dnuenhsare. 
Cblloeting^ells,  Sammelaellen  (see  p.  1087). 
CeUenchyma,  KoUenchym  (p.  ii50> 
CoUeters  (i.e.  large  hairs  secNting   midlage 

and  found  on  bods),  CoHeteren* 


a>.ii04). 


crystals  (L  e.  styloids\  £ 

Combined  clothing  anel glandular  hairs  (p-  >  <  >5t 

footnote). 
ComaUssura,  KommlsBnicn ;  cowtsnissmral  sitoe- 

tubes   (cL    p.   396),  Kommissnndiiebtohren ; 

commiMsmm  stands  (cC  p.  443),  Strmgver- 


Compartments  (of  a  palisade-oelL  etc.),  Faclier. 
Complementary  cells  (of  a  lenticd),  FiillzdleB 

(p.  1149). 
Component  hairs  (of  tofted  hain,  ftc),  TeiUiaare. 
Composite  (applied  to  pericydic  sUii^Vning 

ring),  gSBUKfat  (p.   115a);    tompasitt  (<«■- 

pound)  xylem  mass,  msammcngesel  ilrr  Holz- 
korper (p.  I 165). 
Compoesstd  xylewe-wsass,    see    composite   xytem- 

meus\  compotend  clotkis^  hairs,  sasammes- 

geietste  Deckhaare. 
Concrescent^  verwadisen. 
Conical,  kegdiSnni^. 

Conjugate  cells,  coojogierte  Zellen  (see  p.  1087'. 
Confunctive  tissue  (i.  e.  that  between  and  on  the 

inner  side  of  the  Tascolar  bandies  of  the  stde), 

Zwischengewebe. 
Connectitfg  tissue  (in  the  veins),  Degieitgcwebe 

(p.  1089). 
Constriction,  EinschnSrang. 
Caniaininf<ens    (of    cystoUtfai),    Ttigenellen 

(see  litaaeysts). 
Contents  (of  a  cdl),  Inhahakorper. 
Continuous  (applied  to  pericydic  strcagthening 

ring),  kontinaierlich  (p.  115a). 
Contorted  (apjdied  to  hairs,  ftc),  gewuiKkn ; 

irreguusrly  contorted,  knuis  gebogen. 
Contracted  vascular  systems,  kontrahiefteLeitbdn- 

delsysteme  (p.  1155). 
Corded   xylem-mass,    omstrlcktcr    Hobkorper 

(p.  1165). 
Core  (of  a  shaggy  haii^  Ac),  Kerm. 
Corh,  Kork  (p.  1146) ;  earh-warts,  Kockwarzcn 

(p.  1133). 

Coronate  (applied  to  papillae),  mit  Krtechen 
versehen. 

Cortical  vascular  bundles,  rindenstandige  Gefias- 
biindel  (p.  11 59). 

Crachs  due  to  drying,  Trockenrisse  (p.  1088). 

Crateri/brm,  becherfbrmig ;  crator^brm  giaseds^ 
Beeherdrftoen  (cf.  p.  770). 

Crenate  (margin  of  shidd  of  pdtate  hair), 
aosgerandct 

Crescotit-shaped,  sichdformig. 

Crests  (on  catide,  goard-Mlls,  Ac),  Kamme 
(pp.  107a,  1085);  crest-like,  kammartii^. 

^Crutarqiu*  (see  p.  1090);  ^cristarvue^-ceHs, 
Cristarqne^ZeUen  (see  pp.  1091  and  1151). 

Cro^hairs,  Kroplhaare  (see  pp.  557, 558)  ;  crop- 
Itke,  kropfartig. 

Cruciate,  kreazSrmig. 

Crypts  (stomatal),  l&yiiten  (see  p.  1084). 

CrystaUeUs,YjAalasS^nAcM ;  crystal-cot^hmear^cs, 
Kristallcoagiomeiate ;  ctysteU-hairs,  Kdstall- 
haare  (pp.  1107,  Ili8);  crystals  0/ gypsum, 
Gipskristalle  (see  p.  1076) ;  crystal-rweptacles, 
Knstallbehalter  (p.  1107);  crystaisacs,  Kri- 
stallschlaache;  crystal-nrnd,  Kristalkand  (|m. 
1 104,  1 106);  crystal-sckronchymeL,  KristaH- 
sklerenchym  (see  ppw  1091-a,  1107). 
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CrystalHiu  groHuUs^  KriiUllkomchen. 

Crystattmds^  Kristalloide  (p.  1108). 

CueulkUi^  kappeniormig. 

Cmrfy  TapplMMl  to  trichomes),  kraos,  krisp. 

Curvtd  (appUed  to  lateral  walls  of  cpidtnaal 
odU  in  ior£ioe-yiew),  gebogen  (p.  1070). 

CMticular  Uadi^  CnticBlarpeneii ;  {smalt)  euti- 
cuiar  crown  (oi  papillae),  CntieuarkioiiclicD 
(aee  p.  1073);  eMiicuhr  crests,  CvticBkr- 
kanunc  (see  p.  107a);  cuHcular  fUhiHumy 
Cvticalaiepitliel  (p.  1149);  cuticular  layers^ 
Cnticularschichten  (p.  107a);  cuHcular  pe^y 
Cnticnlarzapfen  (p.  107a) ;  cuHcuiar  piyjec' 
fioMSf  Cntioilarvorspriinge ;  cuticular  ridges ^ 
CaticiilarleisteB  (p.  to7a). 

Cysiolitkst  Crstoliuien  {if,  im);  cfsUHtkic^ 
cystolithiscb ;  cystdUh-hJUy  cystolithenahnlich ; 
cystoiith'Celis,  Cystolitbcnsellen ;  cjfs/oUik'iody, 
CystoUtbenkoqKr ;  cy^oUth'formaHans^  Cysto- 
li&enUlduigen ;  cystoUtk-hair,  Cyatolithen- 
haar,  cystolitbisdie  Haaie  (p.  iiii). 

Cjfstospherest  Cystospharen  (p.  11 13). 

Cyst&tyks  (i.  e.  miealcified  cyitoliths),  (pp.  1 1 1 1 , 

D 
Delimited,  abgegicnzt 
Dendriform    (applied    to    hairs),   bamnartii^ ; 

branched  in  a  dendritic  manner,  baomartig 

▼erzweigt 
Dendroid^  bamnartig ;   Dendroid  hairs,  Banm- 

haare,  bamnartig  Teriistelte  Haare  (pp.  1118, 

iiij>). 
Denttculate  (of  perfocations),  eezahnelt. 
Depressed,  vertieft,   eingesenkt;   depression  (of 

goard-cells,  &c),  Vertieftuig,  Einsenknng  (p. 

1085). 
DiafysleHc  (p.  1156). 

.Z^i^f/sTvWtfiM^,  iMgestionsdrQsen  (p.  11 30). 
Dictate,  hngerformig. 
DUatalion{f.  1167). 
Disc,   Scheibe ;   disc-shaped,  discoid,  sdieiben- 

Ibrmig ;  discoid  glands  (cf.  p.  770),  Scheiben- 

driisen. 
Dissociation  (of  the  vascular  system),  Zerspal- 

tnng,  Attflosnng   (des  Leitbiindelsystems)  (p. 

"55). 
Distorted  forms  {of  scalariform    perforations), 

KrSppelformen  (p.  1137). 
Divided  xylem-wusss,   getdlter  Holzkorper  (p. 

1 165) ;  division^wcdls,  Teilwande. 
Dome-shaped,  kappenfonnig. 
Doubling,  duplication  (of  epidermis,  hairs),  Ver- 

doppelung;  double  cystoHths  {tunn-cysteliths), 

Doppelcystolithen  (p.  ma). 
DumUell'Shaped^  hantelfbrmig. 


Ectocyclic  sieve^^ubes  (cf.  p.  396}. 

Eisodial  ridges  {\,  e.  on  the  onter  snrlace  of  the 

gnard-cells),  Eisodialleisten. 
Elevations  of  the  cuticle,  Kutiknlarerhebnngen ; 

elevation  (of  stomata),  Emporhebong  (p.  1 084). 
Emetrginate,  anagebuchtet. 
Embedded  (of  veins),  eiagebcttct  (p.  1089). 
Em^  cells  (of  pith),  leere  Zellen  (p.  1133). 
Encircled  stontata  (d.  p.  a5o),  nmkranste  Spalt- 

olfiimigen. 


Endodermis,    Schntzscheide,    Phlocotcnna    (p. 

"50- 
Entocyclic  siave-4ubes  (cL  p.  396). 
Epi-endodermeU  network  {oL  p.  (6), '  r^scan  tas* 

esdodciniMjiie* 
Efitkemm,  Epithem  (p.  1086). 
Excrescence,  Wnchenuig. 
Excretion  of  wax,  WachwnwchfWang  (p.  107a) ; 

excretory  receplaeks,  Eikfetbckalter  (p.  1095). 
External  glands,  Anasendriisen  (p.  iia4^;  ex- 

temalpore  (ci  stomata),  ZofttirimgHpalt. 
Extrq/ieral    {esOranuptiat)    nectaries,    extra- 

nnpdale  Nektarien  (p.  113a). 


Facets  {^fA  crystals),  Flidien. 

False  pitting  (of  epidermal  cells),  Sdiefatfipfehmg 

(p.  107a);  faiu  scaks  (cf.  p.  380),  Sdiein- 

schiilferchen. 
Fat  bodies,  fatty  bodies,  Fettkorper  (p.  1109). 
Felted  hairs,  Filzhaare ;  felt-liie,  fihig. 
Few-barred  (applied  to  scalariform  perforations), 

armspangig,  wenigspangig. 
Fibre^like,  fibrous,  faseraitig ;  fibrous  cells,  Ftaet' 

zellen. 
Filamentous,  filiform,  (adenfbrmig,  fadenartig. 
Fission,  ZerfclUftong    (see  cleavagi)\  fissured, 

zeriduftet. 
Fissures  due  to  drying,  Trockenrlsse  (see  cracks 

due  to  drying), 
Fistular  (applied  to  the  pith),  rohrig. 
Flagelliform  (of  hairs),  peitschenformig. 
Flat-armed  (applied  to  odls  of  the  spongy  tissue) , 

flacharmig  (p.  1087) ;  flatly  arched,  flachge- 

wdlbt ;  fUittesud  axes,  see  under  band-shaped. 
Flexile  strength,  Biegungsfestigkeit 
Fluke-cell  (of  anchor-hdrs,  c£  p.  371),  SSinken- 

zelle. 
Foot  (of  a  hair),  Haaribss  (p.  1134). 
Foraminate    perforations,    L5cherperforationen 

(p.  1 1 38). 
Forked  hears  (cf.  p.  63),  Gabdhaare;  forked 
hairs,  Gabelzotten  (p.  1121);  forked 
r,  Gabeldriisen  (p.  iiaS). 
Friable,  krumos. 

FrotU  cavity  (of  a  stoma),  Vorfaof  (p.  1081). 
Fnnrul-ceUs,  Trichteraellen  (see  p.  1087). 
Furfuraceous  (scurfy,  applied  to  hairy  coveriog), 

Furrows  (in  the  xylem-maas),Fufchen  (p.  11 66)  ; 
furrowed  xylem-mass,  geftuchter  Holzkorper 

(p.  1 1 66);  furrowing  (of  the  xylem-maas), 

Furchmng. 
Fusiform,  spindelig,  spindelformig. 


Gamostelic  (p.  1 156). 

Gelatireitation,  Verachleimnng  (pp.  1074, 1150) ; 
gelatinited,  yerschleimt. 

Gelatinous  layer  (of  wood-prosendiyma),  Gat- 
lertschicht  (pp.  1141,  i>43) ;  gelattnoms  mem- 
brane (of  wood-proaenchyma),  Gallertmcm- 
bran. 

Geniculate  (of  crystals,  i.e.  bent  like  a  knee>joint), 
geknickt. 

Gtrder-sclerenchyma,  Triigersklcfcndiym;  /- 
shaped  girders,  I-Triiger;  girdkr'thc^hdf  tiii- 
gertbrmig. 
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GirdU  (of  nbtidiwy  odls),  GQrtel ;  girdk-Hke^ 

girdU'shap^dy  giiitel(ormi£. 
Gland,  Dribe ;  gtoMd-Hke,  draaeparUg. 
Glamdmlar  apparmtus  {me€kamism\  Drttaenap- 

Dftnt ;  —  ADC,  DrQieinchdbe:  —  epitkeHum, 

DrfbenepiUiel ;    —  hmrs^   Driatenhane    (p. 

1124^;  —haf-teeth,   driidge  BUtuUme  (p. 

1130) ;  —  tcmiiSf  Drflsenschnppen ;  —  sJktiggy 

>la«rr,  Drtensotten  (p.  1 1 39); -- j;^,  Driiten- 

fledce  (p.  1 131). 
Gnarled  (of  tpicmar  cells),  knorrig. 
Grtamlar  (applied  to  the  catide),  kdniig  (p. 

io*ji)\gramUaied,  knundt  (applied  to  cnr^als\ 

gekornt ;  irttnnlaiwn  (of  the  cnticle),  Koroe- 

lang. 
Gro09td  xylem-massy  wtt/urrcwed  xyUm-mass. 
Grpund-mass,   gratind-wprk    (of   the    wood), 

Grwndmatee  (p.  1141). 
Gttmmasis  (p.  iioi). 
GuM'Tamt  Gummihan. 
Gypswn-ajstals,  Gypikristalle  (p.  1076);  gyp- 

sum-spkirts,  Gypekugeln  (cf.  pi  7  a). 

H 

Hair,  base  (Joot)  rf,  lee  nnder  B;  hair-cells^ 
Haanellcn ;  kair-cystoliihs,  Haarcyitolithen 
^p.  Ilia);  hair-like,  haaraitig;  hairy  cover- 
ing, Behaaniog  (p.  1 1 14  et  seq.). 

Heart-wood,  Kemholz  (p.  11 36). 

Helicoid  (applied  to  shape  of  cystoliths),  schne- 
ckenldrnug. 

Hemiconcentric  bundles  (of  the  petiole),  'Fai- 
soeanx  h^miooocentriqiies '  (Boaygaes)  (see  p. 
1094). 

Hemitropic  crystals,  Hemitropieen. 

Heterogeneous  (applied  to  the  pith),  heterogen 

(P"34). 

Htnge-cell  (of  hairs,  Arc.),  Gelenkselle. 

Hippocrepiform  (i.e.  honeshoe-ahaped),  hufeisen- 
lormig. 

Homogeneous  (structure  of  the  leaf,  see  pp.  1083, 
1086),  homocen ;  homegeneous  (pith,  1.  e.  one 
consiiiing  of  empty  or  active  cells  only), 
homogen  (p.  1 1 34). 

Hood-like,  kapnienidrmig. 

Hook,  bent  like  a  (appli^  to  hairs,  &c),  haken- 
formig  gekriimmt ;  hooked  hears,  Hakenhaare 
(p.  1 117);  hook  shaped,  hakenformur. 

Horitmtal  (applied  to  cells  of  mediOiary  rays), 
liegend(p.  1144). 

Horns  (equivalent  to  outer  appendicular  ridges 
on  guard-cells).  Homer,  Horachen  ^p.  io8a) ; 
horn-bast  (Le.  groups  of  thickened  and  ob- 
literated sieve-tubes),  Hombast ;  horn,  curved 
Hke  a,  homfbrmig  gekrflmmt 

Humps  (projections  on  cell-walls),  Budceln; 
hump,  projecting  like  a,  buckelfonnig  vor* 
springend. 

Hydathodes  (i.  e.  special  organs  excreting  liquid 
water),  Hydathoden  (p.  1076). 

Hypoderm  (p.  1076). 

Hysterolysigenous,  hysterolysigen. 


Incrusting,  kmstig. 

Incurved  ^outlines  of  cells),  gebuchtet ;  incu  rved 
(tips  of  leaves),  eingebogen. 


Indnplicate  (margins  of  leaves),  nach  oben  eiii* 

geschla^jen. 
Inejualittes,  irregularities  (of  the  cuticle,  kc.\ 

Unebenheiten. 
In/iltration  (of  sUica,  &c  in  ceU-walls),  Einla- 


/t^olded(m»TgiBi  of  leaves),  einrachlagen. 
initial  region  (of  petiole),  Initiue  (p.  1094). 
Integumental  Heauis,    Hastdriiaen   (p.    Tia8); 

iitepemental    (Jntegmmentmry)    tissue    (ie. 

epidermis  and  hypoderm),   Hantgewcbe  (p. 

1074V 
Interfoliar  sides  (see  p.  ao7),    Zwnchenblatt- 

seiten. 
Intermediate  bundles,  ZwischenbiiDdd ;  ^/bres, 

ErMtzfiuem  (p.  1135,  footnote) ;  —  tissue  {=  • 

conjunctive  tinue),  Zwischengewebe. 
Internal  glands,  innere   Driisen,    Innendrnsen 

(p.  1095  ct  seq.);  itttemml glandular  hairs, 

innere  Driisenhaare  (p.  1096) ;  itetenud  hairs 

{trichoblasts),  innere  Haare  rpp.  1091, 1093)  ; 

internal  soft  bast,  innerer  WcMaibast  (p.  1 159); 

internal  striation  (of  epidennal  walls),  innere 

Streilung  (p.  loja). 
Interrupted  (applied  to  ring  of  pericyclic  scleren- 

chyma),  unterbrocben  (p.  115a). 
Interwoven  like  felt  (of  hairs),  filxig  verflochten. 
Interxylary  phloem,  holntandiges  (interxylares) 

Phloem    (p.    1 161);    interxyl^    vascular 

bundles,  holzstandige  Gefassbiindel  (p.  1163). 
Inlracaminaliy,^  on    the  inner  side   of   the 

cambium,  see  p.  113^. 
IntreuneduUary  (bundles,  cf.  p.  587),  intrame- 

dnllare  (Bundel). 
Intramural glemds  (cL  pp.  354, 486),  Zwiscben- 

wanddhiaen  (p.  iioo). 
Intraxylary  (L  e.  on  the  inner  side  of  the  xylem) 

phloem^  ftc,  intraxylares  Phloem  (p.  1159), 

&C. 

Inverse  orientation,  umgekehrte  Orientiening. 
Involuted  (of  glandular  hairs),  eingerollt. 
Irregularities^  see  inequalities, 
IsUmds   ef  soft  bast    (applied    to   interxylary 
phloem),  Weichbastinseln  (p.  1161). 

J 

Jagged  crown,  small  (at  the  end  of  a  leaf-papilla), 
zackiges  Kronchen;  jagged  prominences, 
Zacken ;  jagged  margins  (of  epidennal  cells, 
shields  ctf  peltate  hairs),  gezackte  Rander. 

Joint  (of  hairs\  Gelenk ;  joint-cells  (e.g.  of 
sympodial  hairs),  Gliedersellen  (p.  1 1 30). 


Knobs  (on  cuticle^  walls  of  hairs,  &c.),  Knotcfaen ; 
knob-like,  knopfartig,  knotchenartig ;  kteob- 
shaped,  imopfiormig ;  kf9obs  due  to  hairs, 
Haarknotchen  (pp.  mo,  11 11). 


Laciniae  (of  leaves,  9cc),  Ladnien.    Zipfid; 

glandular  laciniae,  Driisenziplel  (cf.  p.  337) ; 

iaciniate  (divided    into  narrow  lobes),  xei^ 

schlitzt. 
Lacunar  (applied  to  spongy  tissue,  &c.),  Ifiddg, 

lakunos. 
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Lagemf^rMy  flaicbenfbnnig. 

LameUOj  kamng  the  form  of  a,  lamellenfonniei 
Uppenibnnig ;  iamellaUa  (composed  of  thu 
plates^,  blatterigy  geschichtet ;  lamgllated  cork, 
Lameilenkoric  7p.  1 148) ;  transverse  hmella' 
tioH,  Qnerlamemeniog  (cf.  p.  532). 

Lash'liAe,  pfriemlich. 

Latex-receptacles f  Milchiaftb^hiilter  (pp.  1096, 
iioa,  1103);  latex-sacs  («  laticiferoiis  sacs), 
Milchsaftschlaiiche  (Dp.  1096,  1097). 

Laticiferous  canals,  Miichsaftcange  (cf.  p.  41a); 
— cells  {mm-articulated  lattcifenms  tubes) ^  un- 
geeliederte  Milchsaftrohren  (p.  1  loa) ;  —  hatrs^ 
Muchtafthaare  (pp.  1 1 1 7, 1 1  a6) ;  —  sacs,  milch- 
saftfUhrende  Zellen,  Milchsaftzellen  (pp.  1096, 
^^i)t  — Ma^  Milchiohren,  Milchsaitrohrai ; 
—  vessels  {articulated laiictferous  tubes)  ^  geglie- 
derte  Milchsaftrohren  (d.  1 103). 

Layers  of  mucilage  (saoepidermal),  Sdileim- 
schichteo  (p.  1088). 

Lenticels  {cortical  pores)^  Lcntizellen  (Rinden- 
poren)(p.  11^9). 

Lenticular  (i.e.  lens-shaped),  linsenformig. 

Lefides  (small  scales,  q.v.). 

Ltbriform  tissue  (te.  composed  of  narrow  cells 
with  thick  woody  waUs),  librifonngewebe 
(P*  ii35»  footnote). 

Lid-cells  (of  glands,  e.g.  p.  585),  Deckelzellen. 

Liznified  lamella  (in  wall  c3  guard-cells),  Holz- 
lamelle  (p.  io8a). 

Ligulate  (i.e.  tongne-sbaped),  zungenfbrmig. 

Lithocyst  (i.e.  the  cell  containing  a  cystolith) 
Lithocyst,  Trtigerzelle  (p.  11 12). 

Lobed  xylem-massy  gelappter  Holzkdrper  (p. 
1 166) ;  lobe-like,  lappenartig,  lappenformig. 

LocuH  (of  chambered  oystal-fibr^  see  onider 
chambered\  Facher. 

Longitudinal  fissiim  (of  the  stem  in  anomalous 
growth),  Liingsspaltang  (p.  1166). 

Loose  (applied  to  spongy  tissue),  locker. 

Loiver  scale  (of  peltate  hairs,  &c),  unteres 
Schiilferchen  (p.  iiai). 

Lumps  (on  cell- walls,  &c.),  Hdcker. 

L.yrate  (applied  to  shape  of  two-armed  hairs), 
l}'raartig  gestaltet. 

M 

M alformed,  distorted  (perforations),  Kriippelfor- 
men  (p.  1137) ;  malformed  stomata,  verbildete 
Spaltoffimngen  (p.  11 10). 

Malfighian  hairs  (i.e.  two«anned  hairs,  q.v.), 
Malpiehische  Haare. 

Mamm^orm  (Le.  teat-shaped ),  mammilliform  ^ 
zitzenfbrmig. 

Many'fluked  (applied  to  anchor-hairs),  mehr- 
zinkig. 

Marginal-bast,  Randbast  (p.  1090^ ;  marginal 
fits,  Kandtiipfel  (p.  107a). 

MctrHng  (of  the  cuticle),  Zdchnnne  (p.  1071). 

Mechanical  support  (of  a  stem,  &&),  Fesdgung. 

Medullary  bundles,  &c.,  markstandige  BUndel 
(P*  1157)}  &C. ;  medulUtry  ra^5,  Markstrahlen 
(p.  1 143) ;  medullary  sheath  (i.  e.  tiacheides 
forming  a  circle  round  the  periphery  of  the 
pith),  Markscheide;  medutlaty  ray -paren- 
chyma, Markstrahlparenchym ;  medullary 
tissue,  Markgewebe  (p.  11 33). 

Membrane-mucilage,  Membraiischleim  (p.  1098). 


Membranous,  hautig. 

Mesh-like  spaces  (in  the  spongy  tissue,  cf.  p. 
aa9),  Maschenraume. 

Metatracheal parenchyma  (p.  1143). 

Middle  le^r  (of  leaves  and  glands),  Mittel- 
sdiicht  (p.  1087). 

Monoclinic  crystals,  monokline  Kristalle  (p. 
1 104). 

Monostelic  (p.  1 156). 

Morulose  glancb  M.  p.  748),  Maulbeerdrtisen. 

AfiM^/a(^-^aiiai[r,  Sdileingiinge  (p.  1099)  >  <<R^ 
ties,  Schleimliicken  Tp.  1099) ;  -^^,Schleim- 
zellen  (p.  1098) ;  -glands,  Schlelmdriisen  (pp. 
Lia8,  1 1 33);  -hairs,  Schleimhaare  (pp.  iia7, 
1138) ;  -lacunae  (cf.  p.  75a),  Sohleimiakunen ; 
-pares  (cf.  p.  336),  Schleimspalten. 

Mucilaginous  epidermal  cells,  yerschleimte 
Epidermiszellen  (p.  1074) ;  mucilaginous  cells, 
veischleimte  Zellen;  mucilaginous  cork, 
Schleimkork  (p.  1 148). 

Multiple  crystals  (cf.  p.  95),.  Verwachsungen 
▼on  Einzelkriitallen. 

Multiseriate  (i.  e.  composed  of  several  rows  or 
layers  ot  cells),  mehrzellrdhi^  (applied  to 
hiUrs),  mehrschichtig,  mehrreihig  (applied  to 
medullary  xKy%,  epidermis,  &c). 

Muriform  parenchyma  (i.  e.  made  up  of  brick- 
shaped  cells,  cf.  p.  68a\  Mauerparenchym. 

Myrosin*cells,  Myrosinzellen  (p.  1097). 

N 

Neck-cell  (of  hairs,  ct  pp.  553,  585),  Halsielle ; 

neck-fortion  (of  glands,  c£  p.  a87),  Halsteil. 
Nectanal  glands^  Nektardriisen  (p.  1131);  nect- 

arial  spots,  Nektarflecke  (p.  1 133). 
Nectaries,  Nektarien  (p.  1130). 
Neighbouring  cells  (of  stomata),  Nachbarzellen 

(p.  1078). 
Nodose,  nodular  (applied  to  thickening),  knotig. 
Non-articulated,  ungegliedert 
Nuclear   crystetUoids,    Zellkemkrystalloide   (p. 

1109). 

O 

Obconical,  verkehrt  (umgekefatt)  kegelfbrmig. 
Oblate-spherical,  abgefl^ht  kugelig. 
Octahedral  crystals  (p.  1 104). 
One-armed  hairs,  cuuumige  Haare  (pp.  11 18, 

1 1 19);  one-sided  zones  0/  growth  (cL  p.  608), 

einseitige  Zuwachssonen. 
Opaque  dots  (in  the  leaf),  undurchsichtige  Punkte 

(p.  1099). 
Open  secretory  cavities,  ungeschlossene  Sekrct- 

liicken  (p.  1 100). 
Openings  (equivalent  Xo  petf orations,  q.v.). 
Orifice,  ostiole  (of  a  nectary,  &c.),  Miindung, 

Ostium. 
Outer  respiratory  cavity  (of  stomata),  aussere 

Atemhdhle  (p.  io85\ 


Palisade-glands  (cf.  p.  306),  Pallisadendriisen. 
Panduriform  (biscmt  -  shaped,  fiddle  -  shaped), 

biskuitibrmig,  geigenformig. 
Papilliform  (applied  to  hairs\  papillenartig. 
Papillose  differentieUion  (of  the  epidermis  of  the 

leaf),  papillose  Ausbildung  (p.  1073). 
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Parairackiul partmkyima  (p.  1143)* 
Paretukyma^kMik  {of  Tdm),  PareBcfaymsclieicle 

Cp.  1089)- 
PareuchymatMis  ferityck  (p.  115a). 
Fartiaihamds  (of  ipM  thkkeninff),  Teilbinder. 
PaUlliform,  bech^ibrmig ;  paM^brm  gitmds, 

Schiittddfiisen  (ct  pp.  60a,  604). 
Pearl-glands y  Perldriiaen  (pp.  iia6,  nap). 
Pedestal  (of  a  hair),  Pottamcnt,  Sockel. 
Pegs,  Zagfen ;  peg4ike,  iM^fMuAg ;  peg-ska^, 

zaDicoflvnBjff. 
PeUHcid  dtts,  peUndde  Pankte  (p.  1096) ;  /«/- 

lucid,  wwmmtiL 
Peltate,  schildftrmig ;  ^gkmds,  St^ddrOaen  (p. 

iiaS) ;  —  hairs  {scales,  lepides),  Schildhaare 

(pp.  II  15,1118, 1119,  iiao);  — iodkr,  SckiU- 

ferchen ;  false  peltate  scales,  ScheiaachOMerw 

coco. 
Pemcillate  (applied  to  hain),  pinaelfiinnig. 
PerferaHans,  PerforatioocB,  GeiaispeifofmtioiieD, 

Dorchbrecbtmgen  (p.  1137). 
Peruixial  wood,  periaxiales  Holz  (p.  1 145). 
Ptricycle,  Pericykel  (p.  115a). 
Perimedtillaiy,  Le.  in  tlie  oatermott  zone  of  the 

pidi. 
Petwlar  glands,  Blattstiddriiieo  (p.  1131). 
PheUoderm  (p.  1 149). 
Phelloid-cells,  Phelloidxelkn  (p.  1 148). 
Phloem-islands,  Phloeminaeln  (p.  1161). 
Pit,  small  fit  (in  leaf,  &c),  Griibchen ;  pit  fin 

cell- wall),  TUpfel;  pH-canals,  Tiipfelkanale, 

Porenkanile ;  pit-Hke,  gnibig,  grQbchenaitig ; 

pit-perforations    (cf.   p.    333),  Tiipfclpcrfora- 

tionen. 
PUuentiform  (shaped  like  a  flat  cake^,  knchen- 

Ibrmig. 
Plixus  (e.ff.  of  fibres),  Geflecht 
PluR  of  hme,  Kalkausfiillnng  (p.  11 11);  plug 

of  silica,  Kieielaasfiillnng  (p.  1 1 10) ;  pluggsd 

stomata,  Tentopfte  SpaltdAinngen  (p.  1085}. 
PofysteUc   (p.    1 156);    apparent  polystely   (,p. 

"57). 
Pouch    (applied    to  part   of  the   complicated 

secretory  cells  of  Magnoliaoeae,  Canellaceae, 

&c,  d  p.  X096),  BeoteL 
Powdery  (applied  to  crystal-fluid),  mehkrtig. 
Primary  cortex  (pj.  1150). 
Projections  (of  hairs,  Ace.),  Vorspninge. 
Proliferations,  Wnchemnffcn  (d.  excrescence). 
Prominences  (on  cell- walls,  &&),  Votspriinge, 

Hocker. 
Prong-cells  (cf.  p.  304),  Zackeniellen ;  prongs 

(of  anehor-haiis,  Sfcc),  Zacken. 
Prop-cells  (cL  p.  710),  Strebeaellen. 
Protective  sheath  (of  Tascnlar  system),  Schutz- 

schcide  ( cf.  pp.  1080, 1151)  (see  Moendodermis), 
Protrusions  (of  walls  of  hurs,  &c),  Ansbnch- 

tnngen,  AosstiUpongen. 
Protuberances    (<m   cell-walls,    Ac),   Protnbe- 

ranzen,  Ansstiilpongen. 
Pseudocellular,  zdlenumlich. 
Puhfini,  Gelenkpolster,Schwellpol8ter(p.  1094). 
Punctate  (of  odl- walls,  &c.),  pnnktiert;  puncti- 

form,  pnnktfiiniiig. 
Pyriform  (pear-shaped),  bimlormig. 


Quadratic  crystals  (p.  1 104). 


(Pimkte. 


Radiate  (stractnie),  straUSf . 

Raised  dots  (d.  p.  635),  totsptiagmde  1 

Rampart   (of  cdls,   ftc.),  WaB;   m 

citticle,  CvticiilarwalL 
Raphides,  Rhaphiden  (p.  1104^;  mpkide'Cells, 

Raphidenxellcn;    -nudUs,  Rhaphi?iftmadcltt ; 

-sacs,  RhapUdaisdinncbe  (pp.  1098,  1104); 

bundles  ^  raphides,   Rhaphidmbandel    Cp. 

1 106). 
Rapkidsnes,  wee  adcularjihres. 
^d^  ^MifiZfi  (in  the  pe&ole),  *  FaisceaiB  rajQO- 

tkh  *  (of  Bonygves,  p.  1094). 
^off  (of  stellate  or  peltate  hiift,  &c.),  Stnhlen ; 

re^-ceUs, Strahlffiiirnm ;  reg^forwtatiate^S^nk- 

lenbildnnff ;    renhfortion,    Strahlteil;    many- 

rayed,  mduitrahlig,  vielstrahlig. 
Recurved  (of  hairs,  Ac.),  nmgebogen. 
Reniform  (kidney-shaped),  niereni^nn^. 
Roseau  de  soutien^  strengthening  netwofk    (p. 

1168). 
Reservoir-tracheicUs,     SpeJchertrarhftdm      (see 

storap^racheides). 
Resiniferous  (i.  e.  containing  resin),  harzf^hreDd. 
Resinocysts  (<£  p.  403^,  Resinocysten. 
Respiratory  cavtty  (of  stomata),  Atemh5hle. 
Reticulate,  netzartig;  reticulaU  perforations  (cf. 

p.  561 )» Netq)erforatlonen  (p.  1 1 37) ;  reticulate 

xylem-mass  (cL  p.   aa7),  omstridcter  Koii- 

koiper ;  reticiUatefy  heterogeneous  pith  (Le.  in 

watch  the  active  cells  fonn  a  networlc  between 

the  empty  ones),  netzfonnig  hettrogenei  Mark 

(cCp.  1134). 

Retiform,  gitterfikmig. 

Retort-shaped  hcnrs,  Retortenhaaie  (p.  1139). 

Reversed  orientation,  verkehrte  Oricnticnmg. 

Revolute  (maigins  of  leaves),  umgerollL 

Rhomhohedra,  Rhomboeder,  Hendyoeder  ;pp. 
1 10^  1 105);  rhombohedral,  rhomboedrisca, 
hendyoedrisch. 

RiUedaxes,  gerippte  Achaen  (p.  1166). 

Ribbon-shaped  (applied  to  hairs) ,  bandiSnnig. 

Ridge,  Leiste;  rufge-Xhe  (of  thickenings),  lei- 
steDi<5nnig. 

Ring-bark,  Rinselborke  (p.  1147):  ring-wood 
(cf.  p.  ao6),  FUngholz  (p.  1145). 

Riw  of  growth^  ^iwachsringe  (p.  1 163). 

Rods^  small,  Slabchen ;  rod-ulls,  StabseUen  (p. 
1 155);  rod-cell-sclerinchymui,  Stabttllenskle- 
renoiym  ;  rod-like,  stabchcnaiti^  ;  rod- 
shaped  crystals,  stabchenfiirmige  Knatalle  (p. 
iio6). 

Rolled  leaves,  RoUbtiLtter  (pp.  1084,  1087). 

Rosette  (of  epidermal  cells  aronnd  stomata,  Ac), 
Kranz,  Rosette;  lihe  a  rosette  {rosetto-lihe\ 
kranzfdnnig. 

S 

Saccate  (bag-shaped),  sdihrachaitig. 

Sacs,  Schl&nche ;  sac-cells  (c£  p.  57),  Schlamrh- 
zellen;  sac-like,  sack-shc^ped,  schkmcliart^, 
schlanchfbrmig,  sackartig. 

Salt-glands,  SalzdrQsen  (p.  X133). 

Sap-wood,  Splint,  Splinuolz  (see  under  splint- 
wood), 

Saucer-lihe  (depressions),  sdialenartig. 

SccUariform  perforations,  Idteiftrmige  Dnich- 
brechnngen  (p.  11 37);  — bordered  pits,  TVep- 
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penhoftEpfel,  treppenartiee  Hoftttpfel  (pp.  1 1 30, 

1140);  —  sievi'Plaies,   leiterltonige    Sieb* 

pUtteii(p.  1154). 
Scales,  tmmil  (U^idts),  SdnilftfcfaM  (lee  under 

peiiali  hairs) ;  scaUstfHmu^  KaflncmippchcD ; 

scale-bark,  SdmppenborlK  (p.  1147);  scale- 
hairs  ^  Schappennaaze;  scaly ^  tchnppig;  scale- 

like,  fchiilferclienartig. 
Schizolysigtnous  (le.  arisiiig  firtt  by  sepaution 

of  cells,  but  Uien  enlaipiig  by  the   actual 

breaking  down  of  cells),  scbiiolykffen. 
Sclermchymalifus     investment     (of     vascolar 

bandies),  Sklerenchymbeleg  (p.  1089) ;  scleren- 

chymaUms pericycle  ^p.  115s). 
Scvit^orm  (peltate),  sduldfbnnig. 
Secondary  vascular  bundles  (p.  1164) ;  secondary 

groups  cf  wood  and  bast,  sekimdiire  Holzbast- 

gruppen  (p.  1163). 
Secretory   canals   i^pcusages),    Sekretgange   (p. 

iioi);  — cavities,  Sekretludcen  (p.  1099): 

—  cells,  Sekretaellen  (p.  1096)  ;  —  lacunae  (cf. 

p.  740),  Sekretlakonen ;  —  receptacles,  Sekret- 

bdi^ker  (p.  1095) ;  —  sacs,  Sekretschlanche 

(p.  1096). 
Semilunar,  halbmondlbrmig. 
Semi-Afalpighian  (f>.  one-armed)  hairs,  halb- 

malplghische  Haare  (pp.  11 18,  11 19). 
Sensitive  hairs,  Fnhlhaare;  sensitive  pits  (on 

tendrils),  FiihltiipfeL 
Septate   (of  fibres,   &c),   gefachert,    septiert; 

septation,  Fachonng ;   station  if  the  pith 

without  sclerosis,  Fichening  des  Markes  ohne 

Sklerose(p.  1134). 
Seriated,  gereiht. 
Serpentine   (applied  to  hairs),  schlangenartig, 

s<dilangenfi>nnig. 
Serrated  cuiicular  crests,  gehirgikammabnliche 

Cnticnlarleisten. 
Shaft  (applied  to  stoniata,  c£  p.  49a),  Schacht 
Shaggy  Aairs  {villi),  Zotten  (pp.  1115,  1123); 

clothing  hairs  of  the  shaggy  type^  Deckzotten 

(p.  i"3). 
Sheathing  (of  the  veins  with  oystals),  Pfla- 

stemng  (c£  p.  1108). 
Shield  {pi  a  peUate  hair),  Schild. 
Short-mewibered{^\txtsidtLjmai,Stc.),  knngUedrig. 
Sickle'Hke  hairs  (cL  p.  379),  Sichelhaare. 
Sieve-fields,  Siebtelder  (p.  1154);  sieve-pit-like 

structure,  sieve-plate  structure  (of  bordered 

pits),  Siebtupielstniktnr  (pp.  1139,  1140). 
Suicci,    Kiesels&nre    (p.    1109);    silica-boeHes, 

Kieselkdrper  (p.  mo);  silica-plugs,  Kiesel- 

fulhingen    (p.     mo);    silica-sacs^    Kiesel- 

schlanche. 
Silicification,  Verkieselnng  (p.  11 09);  silicified, 

▼erkieselt;  siliceous  concretions  {dL  p.  075), 

Kieselkonkretionen ;  siliceous  excretions,  Kie- 

selansscheidnngen  (p.  mo). 
Simple    clothing    hairs,    einiache    Deckhaare 

(p.  iiif);  simple-pitted (yeaatls,  8cc),  einfach 

|etiipfeft. 
Shding  growth  (i.  e.  growth  leading  to  the  inter- 
calation of  new  elements  between  those  already 

present),  gleitendes  Wachstnm. 
Slits,  Spalten;   s/it-lihe  (-shaped)  pits,  Spalt- 

tiipfel;  slit-shaped,  spaltenlonnig. 
Solitaty  crystals,  Rinselkristalle  (pp.  1104, 1105). 
spear-shaped,  spiessformig,  spiemg. 


speckled  (appearance  of  leaves),  gesprenkelt 
Sphaerites,  sphere-crystals,  Sphaerite  (pp.  1104, 

1 105) ;      sphaerocrystallinet     sphaerokristal- 

linisch  ;       sphaerocrystals,      sphere  -  crystals, 

SphaerokrisuUe  (p.  1108). 
Spicular  cells,  Spikmarzellen  (p.  109 1). 
Sfines,  Stacheln  (p.  11 15). 
Spiniform,  spies^rmig ;  spiny  hairs  (cf.  p.  as). 

Stachelhaare  (p.  iiaa);  spiny  (of  clustercKl 

crystals),  stachelig. 
Splittt-wood,  Splint  (p.  1136). 
Split  {cleft)  xylem-mass,  zerkliifteter  Holzk5rper 

(p.  1 167);  slitting  ut  (of  zylem-mass,  &C., 

i.e.  cleavage),  Zerkluftnng  fp.  1166  et  seq.)  ; 

splitting  (of  the  stem,  &c.J,  Spaltnng. 
Spongy  cork,  schwammiger  Kork,  Schwammkork 

(p.  1148). 
Spreading-armed  (spongy  cells),  gespreiztarmig 

(p.  1087). 
iyar^^-j^l^a/^  Staricescheide  (p.  11 51). 
Stele  {^,  ii5<>)« 
Stellate,  sternformig ;  stellate  hairs,  Stemhaare 

(pp.  me,  1118,  1119,  "'')• 
Stereides    (i.e.  a  lignified   strengthening  cell), 

Stereiden. 
Stereom-sheath  (i.e.  strengthening  sheath  of  veins, 

leaf-margin,  &c.),  Stereombel^. 
Stinging  bristles   (cC  p.  379),   Brennborsten ; 

stinging  hairs,  Brennhaare  (p.  1118^. 
Stomatal  apparatus  (i.  e.  the  gnard-celU  together 

with  the  subsidiary  cells,  when  present),  Spalt- 

dffnungsapparat  (p.  1078);  — groufs,  Spalt- 

ofinnngsgruppen  (p.   1084) ;   —  pits,  Spalt- 

dflhnngsgriibcfaen  (p.  1084) ;    regarding  other 

terms  applied  to  stomata,  see  p.  399. 
Stone-cells,  Steinzellen  (p.  1090) ;  stone-ceiled  cork 

(*  cork  made  up  oj  stone-cells  *),  Steinzellenkork 

(p.  1148)  ;  stone -cork,  Steinkork  (p.  1148). 
Storage-tracheides,  Speichertracheiden  (p.  looaV 
Straight  (applied  to  walls  of  epidermal  cells  m 

surface-view),  gerade,  geradlinig  (p.  1070). 
Str edified,  geschichtet;  stratiform  (arrangement), 

schichtenweise  (Anordnung). 
Strengthenifig  ring,  Festigungsring. 
Stretching,  Zermng. 
J/>iar,Strichelchen ;  stricde  (thickening^,  streifig ; 

striated,  gestreift ;  strialion  (of  cuticle,  &c^, 

Streifung. 
Strigae  (  «  bristle-hairs),  Striegelhaare. 
Striulations,   striulae   (in    loives,   6cc),    Stri- 

chelchen. 
Styloids,  Styloiden  (pp.  1004,  1106). 
Subcentric ;  leaf-structure),  snbzentrisch  (p.  1086). 
Subpapillose  (epidermal  cells),  snbpapillos  (p. 

i073\ 
Subsidiary  cells  (of  stomata  and  hairs),  Neben- 

zellen  (p.  1078). 
Subulate,  pfriemenfbrmig,  pfriemenartiggestaltet. 
Successive  rings  of  bundles,  successive  BQndel- 

ringe;   successive  Hn^s  of  growth,  successive 

Zuwachsringe  (p.  1163);  successire  tones  of 

growth,  successive  Zuwachszonen  (p.  1163). 
Sunk  (of  stomata,  &c.),eingesenkt  (see  p.  1085)* 
Supporting  network,  <  r^sean  de  soutien '  (p.  1 168). 
Supravasal  (i.e.  situated  opposite  the  xylem- 

groups  in  the  root). 
Swellings,  Verquellungen ;  swollen,  verquollen. 
Sympodially  branchedhairs  (p.  1 1 ao). 
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Tabular  (applied  to  shape  of  cells,  &c),  tafd- 
formig,  plattenfbnnig ;  tabuiar  cork^  PUtten- 
kork  (p.  1148). 

Tannin-ctUs,  Gerbitofizellen ;  -contents^  Tannin- 
gebalt,  Gerbstoffgdialt ;  'idioblasts^  Gerb- 
stoffidioblasten  (pp.  1095,  1098);  -sacs^  Gerb- 
stofischlauche. 

Tannituferous  {i.t,  containing  tannin),  gerb- 
stoffbaltig. 

Teeth,  spines  (of  a  crystal),  Zacken. 

Tensile  strength,  Zngfestigkeit. 

Tertiary  thickeningJ^er  (in  i^csselsy  tracheidct, 
&c.)t  tertiare  Verdiduingsschicht. 

Tessellated  epithelium,  PflasteiepttlieL 

Tetragonal  (crystals),  qnadrattsch;  tetragoneU 
octaliedra,  Qoadratdttaeder  (cf.  p.  1104). 

Tiers  (of  candelabra-hain,  &c),  Etagen,  Stock- 
werke ;  tier-like^  etagenionnig ;  Her4Uu  struc- 
ture of  the  wood,  Etagenbau  des  Holzkorpexs 
(P*  1 145) ;  tier-like  cork,  Etagenkork  (p.  1 148). 

Tomentum,  Filz. 

Torose  (thickening),  wolstig. 

Tortuous  (of  hairs),  hin  nnd  hergebogen,  ge- 
schliuiffelt. 

Tracheides,  Tracheiden  p.  1135.  footnote); 
broadened  {enlarged)  terminal  tracheides,  er- 
weiterte  Endtracheiden  (p.  109a);  tracheide- 
sclerenchyma  (cf.  p.  446),  Tracheidenskleren- 
chym. 

Translucent,  dnrchscheinend. 

7>airjr/arrM/<^j,dnxchsichtigePunkte(pp.  107^ 
1088,  looi,  1096, 1 108,  1130) ;  ^  lines,  ^mh 
sichtigeLinien  (pp.  iioa,  1104);  — striulae, 
durchiichtige  Stnchdchen  (p.  1108). 

Truncated,  abgestnmpft. 

Tuberculaie,  hockrig  ;  tubercles,  Hocker. 

Tuberous,  knollig. 

Tubular  ^applied  to  cells,  hairs,  &c),  rohren- 
artig,  schlanchformig,  schlauchartig. 

Tuft,  Biischel ;  tuft  of  rays,  Strahlenbiiachel ; 
tufted,  btischelig  ansgebildet ;  tufted  hairs, 
Buschelhaare  (p.  iiai). 

Turbinate,  kreiselformig. 

T'win'crystals,  Zwillingskristalle  (p.  1104); 
tivin-forms,  Zwillingsbildnngen ;  -stomaia, 
Zwillii^sspaltofihnngen  (p.  i<^5) ;  -trichomes 
(cf.  p.  iO\  Zwillingstrichome;  -giandular  hairs, 
(cf.  p.  484),  Drtisenhaarzwillix^ 

Two-arnud  hairs  (Malpighian  hairs),  zweiarmige 
Haare  (pp.  IZ17, 1119,  iiaa). 

Tyloses,  Thyllen  (p.  11 37). 

U 

Undulated  (applied  to  walls  of  epidermal  cells  in 
surface-view),  wellig  gebogen,  bachtig  wellig 
(p.  1070) ;  undulated  stems  (cf.  p.  a§9),  ge- 
wellte  StHmme. 

•Unequal  {uneven)  increase  (of  the  wood),  un- 
gleichmassiger  Zuwachs  (p.  1 166). 

Uniform  (i.  e.  homogeneous,  applied  to  the  meso- 
phyll),  gldchformig. 


Unilateral  (ooe-tided)  bordered  pits,  elDKitige 

Holtapfd  (p.  1 140). 
Uniseriate  (L  e.  compoied  of  a  dngle  row  of 

cells),  einzellreihiff,  cinicUkig;  bi'^riate.  Sec, 
llieihig,  zworeiliig,  Ace 


Upper  scale   (of   pehate   hairs,    ftc),   oberes 

Schiilfierdken  (pp.  iiai,  iiaa). 
Upright  (cells  in  mednllaiy  rayt),  itcliend  (p. 

"44). 
Urcedate,  kmgibrmig. 
6V»-jia/fl(/(trichomes),  nmeofbrmige  Trichome 

(p.  1 119). 

V 

Ventral  {ventricose)  part  (of  glands,  cC  p.  319), 

Banchteil. 
Ventricose  (applied  to  shape  of  cdls),  baiidug. 
Vermiform    (i.e.   worm-shaped),   wurmfiirmig, 

wnrmartig. 
Verrucose  {wart'Jike),  warzi^. 
Vertical  direction  (in  the  axis),  aaile  Riditong, 

Langsrichtttng. 
Vertical^  transcurrent  (applied  to  veins),  dnrdi- 

gehend ;   vertical  transcurrence,  Durchgefacn 

(p.  1089). 
Vesicles,  Bliischen ;  vesicular,  blasig,  blasenartig ; 

vesicular  hairs,  Blaienhaare  (pp.  1076, 1 1 1^ 
Vessd-performtiamt^    Gefitednr^bicchnngen  (p. 

"37)- 

Vestibule  (of  stomata,  equiyalent  to  ooter  respira- 
tory cavity),  Kamin  Q>.  1085). 

Vitreous  (i.e.  transparent  as  gUuts),  gUsartig. 

W 

Watis,  Warzen  (p.  1115) ;  wart-Uke  (see  verru- 
cou),  warzenartig ;  wart-shaped,  wanenfi>rm]g. 

Water -pores,  Wasserspalten  (p.  1085);  -recep- 
tacles, Wasserbehalter;  -reservoirs,  Wasser- 
spdcher,  Wasserreservoire  (p.  109a);  -staring, 
wasserspeichemd. 

WavUy  folded  (walls),  wdlig  gefidtet;  toamiy 
nodular  striation  (of  the  catide,  cf.  p.  70), 
wdlig-wnlstige  Streifimg;  wapy  (applied  to 
hairs),  kraos. 

^«i/,Wnlst. 


Wedges  of  bast,  Bastkdle  (j>.  1166)  ; 
.  (applied  to  podtion  of  hairs,  dec,  with  refer- 
ence to  other  odls),  eingdclemmt,  eingekeOt; 
vbedge-shaped  {in  the  form  of  wed^)^  keH- 
fbrmig. 

Whip-like  hairs,  Pdtschenhaare  (cf.  p.  401). 

Winged  axes,  geflilgelte  Achsen  (p.  1 166). 

Wood  fibres,  Holzfasem ;  wood-pearenchyma, 
Hokparenchvm  (p.  1143);  woodprosencfymei, 
Holzprosencnym  (pp.  1135,  footnote,  1141); 
wood-vessels,  HolzgelKsse  (p.  11 36). 

Wrinkled  (applied  to  cell-walls),  mnzelig. 


Xylem-mass,  Holdcdrper,  —  with  tierdike  struc- 
ture, stodcwerkaitig  an^baater  Holzkorper 
(p.  1 145). 
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ERRATA 

Page    17,  line  7  from  bottom,  first  half  should  read  '  from  being  wetted,  and  to  form  an 
air-chamber '. 
24,  thirteenth  line  of  third  paragraph,  for  '  Bejuco  de  aqua '  read  '  Bejuco  de  agna '. 
57,  line  2  of  last  paragraph,  insert  a  semicolon  after  '  L^ger  '. 
64,  top  line,  for  '  place  '  read  '  plane  '. 
71,  line  9  of  first  paragraph,  for  '  spread  '  read  '  spreading  '. 
75,  description  of  Fig.  19,  c  should  read  '  C.  uylanica,  L.'. 
95,  last  line,  for  '  resent '  read  '  present '. 

118,  last  line  of  first  paragraph,  before  the  word  '  recorded  '  insert  '  has  been '. 
1 36,  first  line  of  second  paragraph,  for  '  developed  '  read  '  deposited  '. 
141,  last  line  of  fourth  paragraph  (under  5),  for  '  Dipterocarpous '  read  'Diptero- 

carpeous '. 
192,  fifth  line  of  last  paragraph,  for  '  see  note  2,  p.  215  '  read  '  see  note  i,  p.  190  '• 
201,  fifth  line  of  third  paragraph,  insert  a  semicolon  after  'hairs'. 

204,  description  of  Fig.  48,  e~f,  for  '  Goniocaryum  '  read  '  Gonocaryum  '. 

205,  second  line  of  first  paragraph,  for  '  Goniocaryum  '  read  '  Gonocaryum  '. 

206,  last  line  but  one  of  first  paragraph,  for  '  Chlamydcarya  *  read  '  Chlamydocarya '. 
214,  for  '  Hippocrateacea  '  r^ul  '  Hippocrateaceae  \ 

255,  ninth  line  of  first  paragraph,  after  '  Platymiscium*  insert  a  comma. 

280,  twenty-second  line  from  bottom,  for  '  Spathylobus  *  read  '  Spaiholohus  \ 

334,  footnote,  for  '  Brunai  '  read  *  Brunia  \ 

343,  footnote,  first  word  on  second  line  should  read  '  Gyrocarpeae  '. 

366,  last  line  but  six  of  second  paraflTaph,  for  '  Ptermandra  *  read  '  Ptemandra  \ 

366,  last  line,  for  '  Dyssochaete    read  '  Vissochaeta  \ 

374,  first  line,  after  '  Trapa '  remove  the  semiccdon. 

389,  fourth  line,  for  '  laticiferous  cells  '  read  '  laticiferous  sacs  '. 

391,  fifth  line  from  bottom,  read  *  cystoliths  *. 

396,  fourth  line,  for  '  verticellata  *  read  '  verticiUata  \ 

399,  third  line  from  bottom,  for  *  C.  Urticae^  A.  DC.  B.  hispida '  read  '  C.  Urticae, 

A.  DC  0  hispida  '. 
408,  eleventh  line  from  end  of  first  paragraph,  for  '  Opunita  '  read  '  Opuntia  '. 
420,  third  line,  for  '  officinale  '  read    officinale  \ 
439,  fifth  line  from  end  of  first  paragraph  of  Caprifoliaceae,  for  'stufted'  read 

'tufted'. 
500,  ninth  line,  for  '  Goniolmon  '  read  '  Goniolimon  '. 
504,  twelfth  line,  for  '  rigidity  '  read  '  flexile  strength  *. 
508,  footnote  I,  for  'Sapotaceae'  read  'Ilicineae',  and  for  'Ilicineae'  read  'Sapo- 

taceae'. 
534,  footnote,  for  'Argel '  read  '  Arghel ',  and  for  '  described  a '  read  'described  as '. 
535)  footnote  4,  first  word  in  line  2  should  read  '  intraxylary  \ 
563,  first  line  of  third  paragraph,  after  '  within  certain  limits  '  insert  '  it '. 
566,  last  line  of  first  paragraph,  for  '  Ipomoceae  '  read  '  Ipomoeae  '. 
568,  twelfth  line  from  bottom,  after '  Fig.  129,  / '  insert  a  comma  in  place  of  the 

full  stop. 
573,  second  line  of  Cuscuteae  should  read  '  poor  in  chlorophyll '. 
633,  last  word  of  fourth  line  should  read  '  ttiin  '. 
647,  fourth  line  of  first  paragraph,  for  '  De  Barry  '  read  *  De  Bary  '. 
694,  second  line  of  first  paragraph,  for  '  Fig.  1 59,  C*  read  '  Fig.  169,  C  '• 
712,  tenth  line  from  bottom,  for  '  vestibule  '  read  '  front  cavity  *. 
721,  in  the  second  line  read  '  Gony stylus,  Asclerum  and  Amyxa  \ 
764,  fourth  line  of  Urticaceae,  for  '  Arctocarpeae  '  read  '  Artocarpeae  '. 
766,  second  line  of  second  paragraph,  for  '  C.  Kraussiana  *  read  '  Celtis  Kraussiana '. 
779,  last  line  but  one  of  Tnelygoneae,  for  '  or  ans  '  read  '  organs  '. 
823,  first  line  of  third  paragraph,  for  '  Hewitt '  read  '  Leavitt '. 
835,  last  line  but  one  of  second  paragraph,  for  '  simpler  '  read  '  simple  '. 
841,  fourth  line,  for  '  Tsoptera  *  read  '  Isof>tera\ 
845,  footnote,  for  '  latiferous  '  read  '  laticiferous  \ 

Note,  It  was  stated  in  the  Editorial  Preface  to  Vol.  I  that  the  English  edition  had 
received  from  the  au^or's  hand  all  the  emendations  embodied  in  the  new  German  edition. 
Since  this  preface  was  written  it  has  been  ascertained  that  some  small  additions  were 
made  to  the  German  edition  while  in  the  press,  and  too  late  to  be  incorporated  in  the 
translation. 
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